HT B2

USER MANUAL

| SBN 1-8998895-00-0






HT B2

A MODEL FOR THE THERMAL ENVIRONMENT OF BUILDINGS IN OPERATION
release 2

USER MANUAL

HTB2 User manual 2.10.
This manual applies to HTB2 software release 2.10
17/03/08

D.K.Alexander
Welsh School of Architecture R&D,
Cardiff University,
Bute Building, King Edward V11 Avenue,
Cardiff
CF10 3NB,
UK.
email: HTB@CARDIFF.AC.UK



Welsh School of Architecture
University of Wales College of Cardiff
Cardiff
1996

| SBN 1-8998895-00-0



HTB2-AMODEL FOR THE THERMAL ENVIRONMENT OF
BUILDINGSIN OPERATION

USER MANUAL

This manual is presented in 3 sections and appendices;

Section 1 is ageneral background to HTB2 which describes how it is structured, what facilities it
provides and what datais needed to runiit.

Section 2 is a basic guide on how to use HTB2 to model a building and is intended for the first time
user. Itisessentially adescription of how to set up the datafiles - what information they need to contain and
the format to be used - and gives an example of adatafile for a simple bungalow.

Section 3 describes the support software for HTB2; utilities, pre- and post-processors.

Appendix A comprises a set of datafiles for simulating a bungalow with two spaces - ground floor and
loft - and is an example of afull operational package for abuilding. The relevant sections of this data set are

used as examples for individual datafilesin Section 2.

Appendix B is a complete set of the format conventions that must be followed in setting up these data
files and acts as a reference for them.

Appendix C isaglossary of the names and terms used in this manual.

The intent of this document is to explain to a person who has a) some prior experience of using computers and
(b) some knowledge of the thermal behaviour of buildings, how to use HTB2 to model the dynamic thermal
behaviour of abuilding.

This document refers to HTB2 release 2.10 (March 2008).
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INTRODUCTION

GENERAL DESCRIPTION OF HTB2 - CONCEPTS AND
IMPLEMENTATTON

This section will provide an overview to the concepts and structure of the model HTB2 and to its capabilities and
datarequirements. Further detail on the technical aspects of HTB2; algorithms, assumptions etc., can befound in the
HTB2 Technical Reference Manual.

HTB2 has been designed as an investigative model of the thermal performance of buildings. It was developed in the
light of many yearsresearch, in both modelling and monitoring, on the thermal environment of modern low energy
buildings. It encompassed ageneral shift in emphasisfrom gross energy usage to the performance of the built
environment and the operation of the building as an interacting system. The model was developed to investigate the
detailed workings of abuilding, incorporating the many aspects of thermal transport and gain (i.e. fabric conduction,
ventilation, insolation, heating and incidental systems) providing dataon short time-scal es of minutes and weeks,
rather than hoursand years.

HTB2isintended primarily as an investigative research tool, rather than asimple design model. It isenvisaged in use
in the development of the understanding of the operation of the building system and as atest bed for future model
development. It isanticipated that the main user of HTB2 will be the scientist/programmer, perhapsworkingin
conjunction with aresearch architect or design team.

However, so asto make the use of HTB2 easier for design or teaching use, a PC version based on the Windows
environment has been produced. This product (the cal culation engine and various pre- and post-processors) is
known asHTB2 for Windows. The machine independent core calculation code is still known asHTB2. This
manual will discussissues common to both.

A summary of features and aspects of HTB2 follows;
. portable coding (standard Fortran-77)
. designed for easy alteration and extension
. investigation of both long and short time-scal e phenomena
. external meteorological data
. convective and radiant gainsand exchange
. internal fabric temperature and heat fluxes
. provisionfor imposed internal temperature patterns
. inter-space air movement
. water vapour gains and transport
. provision for zoning of spaces
. provision for shading
. provision for placement of solar gains
. flexible glass transmission specification
. flexible specification of operating schedules
. flexible output intervals and details.

Additionaly, the HTB2 for Windows version provides visual toolsto simplify the management and monitoring of
simulations, the preparation of the building description, and the inspection of results. It isimportant to notethat the
common core version and the Windows version of HTB2 contain identical calculation code, thus ensuring
compatibility of results.



CONCEPT AND STRUCTURE OF HTB2

CONCEPT

HTB2 isacomputer program designed for simulating the thermal performance of energy efficient occupied
buildings. Itisaimed at providing scientists/programmers, perhapsworking with aresearch architect or design team,
with aflexibletool for studying the detailed operation of abuilding on ashort time scale, of minutesrather than
hours.

In order to achieve these aims, HTB2 has been written in amodular format in which, asfar as possible, each
subsystem has been isolated and localised in specific subroutines. This means that the section(s) of code which dedl
with any particular aspect may be quickly identified. In addition, the programming has been made as explicit as
possibleto enable easier understanding of the model’ sinternal operation. The combination of amodular structure
with explicit coding should allow the user to alter and extend the capabilities of the model with the minimum of
difficulty.

These properties have inevitably been achieved at the cost of some lossin efficiency of computation but it isfelt that,
in the research environment, CPU timeislessimportant than development time. Practical experience has borne out
the proposition that increasesin hardware performance can exceed that available from software optimization.

Themodel iswritten in astandard language, FORTRAN 77, with the minimum of machine dependent features so
that it ishighly portable between machines with the minimum of modification. The code hasthusfar been installed
on awide range of machines; from MSDOS PCsthrough DEC and SUN minis, toaCRAY mainframe.

Thereader isreferred to the Technical Manual for further information on this and other points outside the scope of a
User Manual.

PRINCIPLES OF THE MODEL
Representation of building

Asfar asHTB2 is concerned, abuilding consists of a series of spaces linked to each other and to the outside by
elements (walls, windows) and ventilation paths. Thisbuilding isdriven by the external climate, by heating
system(s) operating under control system(s), and by a network of incidental heat sources.

Theresult of these thermal forces acting on the building isto generate a set of heat fluxes, air movements and
moi sture movements which in turn produce a set of temperatures and moisture levelsin each space.

Representation of processes: partitioning of time

The problem of how to represent the complex set of interactions which constitute the thermal behaviour of abuilding
(figure 1.1) is central to all thermal models of buildings. The approach adopted in HTB2 isto dividetime into
discreteintervalsand to assumethat, within atimeinterval or ‘time-step’, each heat transport mechanism remains
constant and independent of the others (figure 1.2).

At the end of every time step, anew set of conditions are cal culated based on the accumulative effects of these heat
transports. In addition, any changesto the boundary conditions, plant status etc. areimplemented. These new values
areinturn held constant for the duration of the next time interval and the cycle repeated for the duration of the
simulationrun.

Thetimeinterval used must be small enough so that the sub-processes affected interact over time scales of interest.
Thelength of thistime step is effectively dictated by the requirements of the fabric transport procedure and would
normally beless than one minute. The structure of HTB2 has been devel oped to take advantage of this short
timestep so that, for instance, heat sources may be altered or data can be output at thistime scale.

The calculations that take place for each time step are asfollows:
- determine new space temperatures
- determineradiative transfers between internal surfaces
- update external conditions (at times determined by met data)
- determineradiative fluxes dueto insolation

2



- calculatefabric heat transport
- calculate ventilation heat and moisture transport
- determine response of controls and heating systems
- caculateincidental gains of heat and moisture
- refer to building operation schedule and modify parameters as required

- output data asrequired
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figure 1.1 Fundamental Building Processes and Interactions
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STRUCTURE OF THE MODEL
The subroutines/modules of HTB2 are organised into three levels:

Thetop level module isthe overall operating programme of the model and is responsible for managing the data
input, the simulation itself, and the output modules.

The second level subroutines are divided into two groups. The first group reads the input datafiles, setsinitial
values, maintains the clock and updates the data base at the end of each time step. They are executed in every run.

The second group cover the processesindicated in figure 1.2;
- fabric transport
- internal radiative exchange
- meteorological conditions
- insolation
- ventilation
- heating system operation
- incidental gains
- scheduling of events
- space heat balance and temperature
- water content balance and humidity

Theroutinesin this group are only executed when specifically requested by the user, however the standard condition
will befor all routinesto be included in the calculation chain. For certain research investigations some modules may
be "turned off" to improve efficiency.

Third level subroutines are called from the Second Level and generally contain specific agorithmsfor the
calculation parts of the operation for which the calling subroutine is responsible. One of the strengthsof HTB2ina
research environment isthe ability to easily alter or replace these components.

Againtheuser isreferred to the Technical Manual for afull description of these program elements and the
algorithmsusedtherein.

STRUCTURE OF INPUT DATA FILES

Theinput datafiles associated with HTB2 are summarised in figure 1.3. It can be seen that there are three level s of
file, reflecting broadly the three levels of subroutinesin the program itself.

Thetop level file containsthe information necessary for the management of the simulation run: the run parameters
e.g. length of time step, the subsystemsto be used e.g. heating system, the names of the data files and the output
required.

The second level files contain general data on each of the main subsystems ( building, services, diary of eventsand
meteorological conditions) and the names of the third level files.

Thethird level files contain the bulk of the problem definition datafor the subsystems required for therun. That is
the parameters and properties of wall, heaters, etc.

These datafiles can either be built from scratch or, more conveniently, can be obtained by editing existing standard
filesor filesthat have previously been developed by theuser. All datafiles (apart from the standard materials
library) are smple ASCI| text files and may therefore be manipulated (created, altered, edited) by asimpletext
editor. Suitable standard editors are Notepad in Windows, and Edit in DOS. Word processors may be used to alter
the HTB2 datafiles, but the files must be saved in simple ASCII text form, not in the native format of the word
processor (most packages will have a save option for this).

A library file of standard building materialsis provided to assist in setting up the description of the constructional
aspects of the building. Thisissaved in aspecial format for computer efficiency, there is a separate preprocessor
available to allow changesto be madeto thisfile.
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figure 1.3 HTB2 hierarchical file structure

Theformat and content of these filesareillustrated in Section 2. A complete description of the content and format of
these datafilesis provided in Appendix B.

In the Windows version of HTB2 there are preprocessors available to assist in the creation and modification of the
Building chain of files; these areintended to clarify and speed the use of HTB2. Theresults of using these
preprocessors are still standard HTB2 text datafiles, and can therefore still be altered by text editors; earlier HTB2
datafiles can also be read by the new preprocessor. These utility programmes are described in section 3.

OUTPUT DATA

HTB2 has provision for six types of output data. Two are always produced as standard, and simply record and note
the progress of arun. Thefinal four are optional, and record, in different formats designed to meet different data
requirements, run results. Each of these latter typesis selected as an option in the top level file and the specific data
in each type can also be specified.

The output types are as follows:

LOG - typically the screen output created during the run, this output type warns of errors during the input
and run stages, and marksthe progress of arun.

INFO - contains run information, such asfilenames, space volumes, element types. It iscreated immediately
after theinput stage, and isuseful in checking input integrity. For instance astandard U-valueis
calculated for each construction type, which can then be compared against expectations. Thisfileis
also useful in documenting runs, asit contains alog of all filesand key data used within arun.
Postprocessor programs may use thisfileto aid interpretation of datain the other output files.

REPORT  -recordsinterval averages of key dataresulting from the simulation. The default condition storesthe
basic information required to construct an energy balance for each space of the building. The default
interval ishourly, although this can be altered to any interval from onetimestep to one day.

PROFILE - recordsinstantaneous temperature and heat flux profiles (dlices) through sel ected building elements
at selected intervals, or astriggered snapshots.

LOGGER - recordsinstantaneous data asynchronously, when the value of (user) selected variables change by
more than a specified amount. This allowsthe time-history of avariable to be recorded, to aresolution
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of onetimestep, without generating enormousfile sizes.

SAVE STATE - records the fabric temperature conditions each midnight. Thisfileisnot meant to bean
"output" as such, but rather to be a means of restarting a simulation from aknown point, with the
IDEFINE RESTART command of the Top-levd file.

The overall aimisto allow the user to tailor his data output on each run to meet the specific requirements of that run,
storing no more datathan is necessary.

The REPORT, PROFILE and LOGGER datafiles are recorded in amachine coded format, post-processors are
required to extract information and trandlate it to readabl e text, or to text datafiles suitable for inclusionin other
software (e.g. spreadsheets or graphics packages). These are described in section 3.

In the Windows version of HTB2 there are post-processors available to assist in this trand ation for the REPORT
datafiles. Dueto changesin storage format, these new utilities may not work correctly with older versions of
HTB2.



SECTION 2

CHAPTER 1

BASIC OPERATION OF HTB2

This section will provide an simple example of the usage of HTB2 by following the construction of adataset for a
simpledwelling-typebuilding.

Running HTB2 consists essentially of carrying out the following five stages:

Stage 1 Collect information on building, pertaining to the materials, structures, services and operating schedules.
Organise aconceptual ‘model’ of the building in spaces and partitionsto reflect the concerns and
interests of the simulation exercise.

Stage 2 Set up the second and third level datafiles containing the information required to implement these run
selections under four headings:
- building
- services
- operating schedule (diary)
- external conditions.

Stage 3 Set up a‘top level’ file containing information on how the run isto be carried out and the output required
e.g. whether there will be aheating system, lighting, occupancy etc.

Stage4 Submit the run.
Stage 5 Peruse, print or otherwise process the output data.
Depending on theintents of the investigation, and the results obtained, Stages 2-5 may be reiterated many times.

These stages will be presented for the simulation of asimple dwelling type building in the remainder of this section.
The building isbased on asmall, detached, single story bungal ow.

The datafilesrequired for this example will be treated individualy in following chapters. These are based on an
example tutorial data set provided with HTB2 (see HTB2 tutorial 1). Each section will provide an opportunity for
the explanation and discussion of the concepts and capabilitiesof HTB2 in that area. Explanatory noteswill be
keyed to the computer file by lower case lettersin the leftmost column (note that these keys are not part of the data
fileitself). Theterminology used is described in the glossary in Appendix C. These chapterswill deal with the basic
HTB2 datafiles, not with the views provided by the Windows preprocessors. They are described in Section 3 of this
manual, and inthetutorials. Itisfelt that all usersof HTB2 should ultimately become familiar with the underlying
fileformats of HTB2 even though the avail ability of easy user interfaces may make these transparent. Should error
conditions occur, the data files themsel ves may need to be consulted.

The basic relationship between components of HTB2 and the datafiles are shownin figure 1.1
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CHAPTER 2

DATA REQUIRED FOR SIMULATION RUN
210VERVIEW

Operating HTB2 requires that the following data must be available (or generated), or decisions must have been
taken:-

Asto the building;
. The geographical LOCATION of the building : latitude and longitude.
. The SPACES and ZONES into which the building isto be divided.
. The partitionsor ELEMENTS separating the spaces.
. The physical LAYOUT of these elements in terms of connections to their surfaces.
. The number and specifications of CONSTRUCTIONS used in creating the partitions.
. The thermo-physical and transparency properties of the MATERIALS used in these constructions.
. The external site SHADING of facades.

As to the services provided;
. The number, type, and control characteristics of HEATING SY STEMSin the building, i.e. their
maximum output and response characteristics, their radiative/convective output splits and the output
connections, the set-points and control strategy of thermostats, automatic time control.
. The number, heat output, control and connections of LIGHTING CIRCUITS.
. The number, type, heat output and connections of SMALL POWER sources.
. The number, heat output and locations OCCUPANTS.
. The VENTILATION characteristics (rates, flow patterns, control strategies) of the building and its
spaces.

and as to the operation of the building and/or the test parameters;
. The time dependant operating schedule DIARY of the building will be operated with respect to
time.
. The external METEOROLOGICAL conditions for the test.
. The configuration of the simulation, i.e. simulation length, election of aternate solution
algorithms.
. The selection of DATA OUTPUT typesand intervals.

This chapter will introduce many of the concepts and component of an HTB2 simulation through discussion of a
simple example. Further information on individual aspects may be found in Chapters 3 through 9.

2.2BuUILDING DESCRIPTION
2.2.1 HTB2 View of Building

The calculation engine of HTB2 views a building only as a network of thermodynamic connections. That is, rooms
are simply volumes of air (a" Space"), and walls are simply thermal connections between air pockets (an
"Element"). HTB2 contains the usual simplifying assumptions in the representation of these concepts; a Spaceis
considered to be at a uniform temperature throughout (e.g. no temperature stratification within a zone), and the
heat flow through an Element is considered to be 1-dimensiona (e.g. there are no edge effects and no explicit
thermal bridging within an Element, and only 2 sides or surfaces).

A Space, at its simplest, has an attribute asto its contained air volume. An Element, again in its simplest form, has
attributes describing which Spaces its two surfaces "see" (the outside is considered a special Space), a (single side)
surface area, a construction type (a pointer to one of alibrary of available constructions: a construction is a
sequential list of materials and thicknesses that may make a partition), atilt (e.g. horizontal or vertical) and
orientation (e.g. north or south facing) and a surface treatment (e.g. colour). In HTB2 an Element may be an
external wall, floor, ceiling, internal partition, or awindow.

Apart from limited information as to the orientation and tilt angles of a Element, there is no 3-dimensional
information of the structure of layout within (or required by ) HTB2. This means that there is no information, for
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instance, as to which element is adjacent to any other, only to which Spaces they are attached to. This meansthat a
full 3-D description of a building (as may be produced by a CAD package) is neither required nor used by HTB2.
This can be a disadvantage in that some preprocessing is required outside of HTB2 to produce the required data
(such as surface areas) but it can be advantages in that some nonrepresentational shorthand may be achieved to
simplify modelling. That istwo physically separate structures need not be described as two elements if they share
the same construction type, connections orientation and tilt; a single "super" element with the total areawould
provide the same result foe less computational effort. Thus for instance a series of rooflights on alarge hall may
be simplified to one of the equivalent total area.

The HTB2 view of abuilding as athermal network is summarised in figures 2.1-2.4. The simulation of ared

building will always require some simplification, following
both the limitations of the modelling procedure and the
Kitchen Living Room desire for rapid calculations. This summary also illustrates
this simplification path.

Bedroom 2

Figure 2.1 illustrates a simple floor plan for a single story
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conservatory. In the following discussion the
floor, ceiling and roof will be disregarded. Inthe
interest of simplicity it can be assumed that all \
internal rooms will have similar temperatures Interior raoms

(apart from the conservatory of course).

This leads to figure 2.2, the simplified zoning of Conservatory
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Interna assuming that they are all made the same way (e.g.
West \ East brick and plaster), then asingle internal element of the
wall Interior : total area of the individual partitions may be assumed.
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! ! : 2 space, be reduced to one window element with the
Conservatory —
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the same construction. Not that this has not been done for e
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windows (perhaps one is shaded by atree for instance). "] J



Finally in figure 2.4, the total network in HTB2 terms is displayed, showing the interconnections of the elements
and spaces. This figure uses the symbolic convention of the Windows Scheme Editor, with unique symbols for
walls, windows, spaces etc.

2.2.2 Example Building Description
As an example, consider asimple small bungalow dwelling, similar to the case above, but with no conservatory.

Thisisasmall bungalow, in the London area, of approximately 66 mzfloor area. There are 7 rooms; Hall, Living
room, Dining room, Kitchen, Master bedroom, second bedroom and WC. There is also a single loft space above.
The average floor-ceiling height for downstairs roomsis 2.35 m.

The houseis not particularly well insulated; external walls are brick/cavity/brick construction and single glazing is
used throughout. Internal walls are made of asingle leaf of brick, plastered either side. Thereisasolid,
uninsulated, ground floor, but the ceiling isinsulated with alayer of glassfibre. Theroof istiled. Thereisno
specific energy strategy in the orientation or placement of glazing, and there is no significant shading by devices,
reveals, or external aobjects.

The HTB2 datafiles for a sample simulation of this building are described from Chapter 3 on. The following will
provide a background to the information contained therein.

2.2.3 Data Required

2.2.3.1 Building

The Building definition includes site specific data (e.g. location, site shading) and the number and sizes of spaces
to be simulated.

Location:  Thesite location is needed as Latitude and Longitude. Latitude (degrees North of Equator) is
required to define the solar geometry of the site. The southern hemisphere may be specified by
using a negative Latitude. Time definitionsin HTB2 refer to local time, therefore Longitude
(degrees West of Greenwich) is needed to correctly determine the displacement of solar noon from
local noon (if set to 0 then the two will be the same). Greenwich time zone is assumed; if a
Longitude outside of Britain is entered then the location (longitude) of the appropriate timezone
must also be defined. That timezone must be East of the location.

Site Shading: At thislevel, site shading is treated as a globa Skyline, an angle below which direct solar radiation
does not impinge on the building. This skylineis a constant for the entire compass. HTB2 defaults
to a zero skyline (i.e. no site blockage). A five degree skyline is often assumed to be reasonable as a
general valuefor many "real" sites.

Spaces. HTB2 views a Space as a parcel of air of auniform (or average) temperature. The outside is a special
(predefined) Space, referred as space 0. Spaces communicate (thermally) via elements and
ventilation and are concerned (again thermally) only with the effect of the convective heat
production and exchange of the processes within it (e.g. these processes may be lighting, heating,
fabric etc.). A space may represent a room, a collection of rooms, or even a small sub-volume of a
room. Interms of HTB2 the prime data required is the enclosed air volume (in m®) of the space to
simulate.

The selection of the zoning of a simulation model (i.e. deciding the number and complexity of the spaces to
simulate) depends on a number of considerations; e.g. the intent of the simulation, the disparity of expecting
conditions, gains, fabric construction or use of rooms may determine whether rooms may be grouped or treated
individualy.

In this example, it was decided that in the interest of simplicity and efficiency all the downstairs rooms could be
combined to one simulation space. The loft will appear as a second space. This assumption implies that the
temperatures of al the rooms would be similar. This would perhaps be a reasonable assumption for ainsulated
dwelling with central heating and moderate glazing; for acase with lessregular heating, or large glazing areasin
some rooms (a passive solar design perhaps) this simplification would be less suitable and more simulation spaces
would be required. Alternatively if conditionsin individual rooms were to be investigated then again, more
simulation spaces would be required.
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2.2.3.2 Construction

The HTB2 Construction files defines a library of fabric types for use in the elements of a building. This file may
be treated as alibrary of components, there is no penalty for having more constructions defined than are used in
thebuilding.

Construction type: Each Construction, or fabric type, defines the thermophysical properties (thermal
resistance and capacity) of the fabric in terms of a sequence (layers) of materials and thicknesses.
Asaninitia guide, this sequence would travel from the outside to the inside surfaces.

A Construction is a concept, to be used in a"concrete" Element. Any number of Elements may use asingle
Construction. Theinitial task in defining an HTB2 model is to determine the number and description of these
common fabric types. For instance a common construction type is Brick/Cavity/Block/Plaster. This may be a
single Construction regardless of which Elements it may be used in, independent of orientation, tilt etc. However,
awall of Brick/Cavity/Insulation/Blockwork/Plaster would require a second Construction.

It is when a Construction is used that surface properties (e.g. colour) are assigned. The Elements defined using the
construction type above, Brick/Cavity/Block/Plaster, may have different surface finishes (e.g. one wall
whitewashed).

In defining construction, reference must be made to the materials used within. It isthe materials that determine
the thermal resistance and heat capacity of the fabric defined. Common material properties are found in the
Materials library, if the desired material or properties required are not to be found there, then information as to
the Thermal Conductivity (W/m/C), Density (Kg/m?) and Specific Heat Capacity (J/kg/C) will be required.

Glazing: In HTB2 windows are treated as fabric elements. However as windows, they require extra
information to determine how Solar energy travels through the glazing. Thisextrainformationis
also described in the Construction file.

Basically the amount of solar radiation transmitted through, and absorbed into, the glazing system must be
described as a function of the angle the solar beam makes with the glass surface. Thisinformation is sometimes
published by glazing manufacturers, or may be determined from theoretical calculations. Datafor a number of
glazing typesis provided in the file GLASS.HLP found in the HTB2 data subdirectory. Where the desired glazing
cannot be matched with these examples, the transmission and absorption characteristics if the glazing must be
otherwise determined.

2.2.3.3 Layout

The Layout file describes the Elements that make up the physical structure of the building to be simulated. An
Element may be awall window, floor or ceiling. Like Spaces, an Element may represent asingle wall, a collection
of similar walls, or a subsection of awall. The key factor influencing the breakdown of a building fabric to
elements should be:-
- an element represents only 2 surfaces, each of which has a uniform (or average ) surface
temperature (e.g. the assumptions of the 1-dimensional heat transport model will not allow variation
of temperature across a surface).
- each surface can connect to only 1 Space (e.g. a physical run of walling that extend through several
rooms must be broken down into smaller component elements)
- an element may be made of only 1 construction type (e.g. awall containing a door should be
described as two elements).
- an element may connect both surfaces to the same space (i.e. an internal partition)
- an element may represent more than one physical partition (e.g. a number of internal partitions
added together to provide a single element with the aggregate surface area).
- the more elements described, the longer the calculations will take.

As noted each Element has two surfaces. There must be some way to distinguish these; the nomenclature for these
surfacesin HTB2 is"First" and "Last". Thisis applied according to the way the construction type for an element
has been defined; the First surface becomes that associated with the first layer of the construction, the Last with
the last. Thus the ordering of the construction layers is significant.

For each Element described, some data is mandatory, while some will have default values which may be
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acceptable.
Mandatory data for Elements are:

Construction type: for each Element necessary to describe the building simulation, the appropriate
construction from the Construction Library must be chosen.

Area: The physical surface area of the Element must be provided, in m?. This represents the area of one
side of the element, e.g. a2.5m x 5m wall will have an area of 12.5 m2,

Orientation: To determine position relative to the sun and wind, the Orientation for all Elements which
connect to the outside is required. Thisis described as the azimutha angle of the First surface,
expressed in degrees clockwise from South. Thus a south facing wall would have an Orientation of
0. Internal Elements do not require an Orientation to be defined, if oneis defined it will be ignored.

Tilt: To determine position relative to the sun and wind for external Elements, and to determine heat flow
characteristics for all Elements, the tilt angleisrequired. Thisis described as the angle of the First
surface varying from the vertical. Thus avertical wall has atilt of O, while afloor or flat roof would
have atilt of 90. A tilt of -90 is possible, this would typically represent an overhanging section of
fabric.

If the element is awindow, there are two extra mandatory items of data required.

Glass Type: To alow the calculation of solar gains through windows the solar transmission characteristic
must be described.. These are defined in the construction file, here the appropriate type for this
Element is chosen.

Solar Patching: To allow the determination of the surfaces on which the solar radiation falls, once it has
entered through awindow.

There are also many parameters which have default values which are generally acceptable but may be overridden
for individual Elements

Surface colour: For each surface of each Element, a solar absorption coefficient may be described, to
distinguish between light, medium and dark coloured surfaces. By default, surfaces are assumed to
be medium absorption, for instance middle beige colours.

Shading: For each external Element, a shading description may be provided that determines when and from
where solar radiation may impinging on awall or window. The description may combine the effect
of shading devices (overhangs), treatments (filters) or obstructions (trees and buildings). By default
no shading is assumed for any surface.

Ground Reflectance: For each externa element, an appropriate value for adjacent ground reflectance (or
albedo) may be applied. By default thisvalueis 0.2, appropriate for grass or asphalt surroundings.

Thisis an incomplete list of an Elements parameters; other factors include emissivity, surface roughness and local
heat transfer characteristics. These are described in more detail in Appendix B.

2.3 Services Description
2.3.1 HTB2 view of Services

Servicesin HTB2 provide a"catch-all" for energy sources and sinks beyond those of the fabric of abuilding. The
services include the functions and phenomena of;

- Heating,

- Lighting,

- Small Power,

- Occupancy,

- Ventilation.



In al aspects, HTB2 considers Services as a means of heat (and possibly water vapour) gains or losses to the
building interior. Thus, for instance, the Lighting Service is only concerned with the sensible heat produced by a
lighting system, not with the visual environment it may produce. Inasimilar vein, Occupancy is concerned only
with the number and activity of the occupants of the building, so as to determine their sensible (and latent) heat
gains. The other, considerable, effect of occupants namely the manipulation or operation of the fabric of other
services is taken into account in the time scheduling of events (the Diary or timeclocks).

Ventilation is included in the Services definition, but this does not imply that only mechanical ventilation systems
can be considered in HTB2. Natural (or hybrid) ventilation systems can be equally well described.

The scope and capability of each of the services will be described in Chapter 4.

It should be noted that the distinction between the Lighting, Small Power and Occupancy servicesis largely for
convenience only; that isto HTB2 they are al just sources of heat to the building interior. It is therefore not
required that al three be used; it is feasible to setup aredlistic incidental gain pattern solely through the use of the
small power system for instance. In doing so, some flexibility and simulation power will be lost, but some
simplicity may be gained. However in this discussion, the full simulation package will be used.

2.3.2 Example Services Description
In relation to the bungalow used as the example, the building is provided with all services accounted by HTB2.

Thereis gas central heating, serving wet radiatorsin all rooms. The maximum heating capacity (output) is
approximately 7 kW. A simple thermostat and time clock controller are provided. The central heating boiler also
providesindirect DHW through a standard storage cylinder.

The house has typical tungsten lighting, one or more fittings in each room. Total installed lighting load (electrical
rating) is approximately 500W.

There are a number of electrical appliances in the house which may provide a significant contribution to the overall
energy balance of the system. These are:

Television/Radio : 150 W maximum,

Electric Cooker : 1700 W maximum,

Fridge/Freezer : 100 W maximum.

There is a further source of non-electric incidental heat that may be considered, the losses from the DHW
cylinder.

Other small power sources are likely to be insignificant in this case.
The house is naturally ventilated, and not particularly well draft-stripped.

Although the house is small, the occupants number there are two adults and two children. While in the house they,
of course, undertake only the normal range of activities associated with dwellings.

2.3.3 Data Provided

Heating: A Heating System provides heat (or may extract heat) to provide desired temperature conditions.
The capabilities of Heating systems in HTB2 extend from IDEAL systems, which will always
succeed in providing the desired conditions, to more realistic descriptions, with deadbands, time
constants, and limits which may prevent the expected conditions from occurring.

In specifying the heating options for the simulation, the "IDEAL" system was chosen. Thisisthe simplest option,
and is generally suitable for determining long term energy balances, typical conditions or plant sizing. Asit does
not allow for the realistic characteristics of heat emitters or controllers, it is not suited for investigating short
term comfort effects (e.g. temperature cycling), or the subtle interactions between systems (i.e. control location
and solar gains).

Asthereisonly one living space (all rooms lumped together), al radiators are lumped together into asingle
Heating system. Thisis controlled by a single thermostat, sensing (effectively) the average internal temperature.
The controller will be set to maintain a 19C internal air temperature, when enabled. The system is also controlled
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by atime-clock; this will determined when the system is enabled. The time clock will be discussed in the section
below (Scheduling).

Lighting: A Lighting Circuit produces heat whileit islighting the building. Lighting useisgenerally
controlled by "On/Off" switching, though it may be dimmed proportionately or affected by the
outside conditions. There may be a number of independently controlled circuits in each space ( or
aternatively one circuit may serve a number of spaces). HTB2 only considers the heat output from
the lighting circuits, not the visual conditions produced.

Asfor the heating, al the lights will be aggregated to one "Lighting circuit". The form of the output heat from the
circuit will be considered as largely radiant.

Small Power: As for lighting small power sources (typicaly electric appliances) produce heat while they
arein use.

Threeindividual small power sources will be described to cover the incidental electric usage in the house. This
will help in simplifying the scheduling of the operation of these sources. The TV/radio source will encompass
most incidental sources, electrical appliances used throughout the house. The Cooker source accounts for a
major, if less often used, source of incidental heat gains, and the Background source will encompass those gains
that are generally continuous, i.e. freezer, or DHW losses.

Occupants:. Occupancy heat gainsin HTB2 are determined from the product of the number of occupants
(adult equivalent) in a space, and the average metabolic rate chosen for the space. For each occupied
space for which occupant gains are to be used, the metabolic rates (sensible heat gain per adult in W)
appropriate for the activities held in the space must be defined. There may be three activity types
defined for each space. Scheduling options will determine the activity and number of occupants at
any timein the simulation.

Ventilation: Ventilation and Infiltration (HTB2 makes no distinction between them) are important factors
in the energy transport in buildings. There are anumber of options for specifying ventilation in
HTB2; from specifying air change rates for spaces, through specifying space to space air flows, to
specifying individual openings.

The simplest option for specifying ventilation is the air-change rate. In this each space is considered in isolation,
e.g. they do not communicate between themselves by air movement. Then ventilation is concerned only with the
exchange for room air to outside. With little further information a basic average ventilation rate of the downstairs
spaces has been estimated (guessed) as 1.24 Air change per hour. There will be no consideration of night/day
differences or of occupant intervention in case of high temperatures.

2.4 Operating Schedule

HTB2 has no occupant as such, no one responding to internal condition or external influences. All that happensin
building must be scheduled. It is usefule to consider the building as being occupied by robots.

There are to levels of scheduling in HTB2 affecting the operation of the building and the systemsinside:-
-Time clocks attached to services
-Diary

2.4.1 HTB2 Scheduling (Services)

All services (excluding vent) may be simply controlled by atimeclock; the simulation analogy of a simple tappet
driven time clock controller, but applied to heating, lighting, small power sources, and occupancy gains. Each
system, source, circuit or space has an independent timeclock. This is programmable through a series of up to 5
on/off periods, to a minute resolution (e.g. on at 11:05, off at 12:15). The timeclock is 7-day programmablei.e.
different programmes for Sunday from a Monday is possible. These timeclocks are specified in the associated
services data, and control their associated services only.

Heating: For heating systems, the time clock affects the system status i.e. on/off, and also an optional
programmable thermostat setback.

2-7



Lighting: For lighting circuits, the time clock affects the circuit status i.e. on/off (or enable/disable) and
also the circuit output (as a fraction of the declared maximum).

Small Power: For small power sources, the time clock affects the source status (on/off) and the source
output (as afraction of the declared maximum).

Occupants: For occupancy, the time clock affects the number of occupants and activity type for a space.
2.4.2 HTB2 Scheduling (Diary)

The HTB2 Diary provides a more flexible form of scheduling than that of the time clock. In general it circumvents
the limitation on the number of on/off periods, so that it is possible to specify a schedule of arbitrary complexity.
It is also possible to assign a different schedule to each day of the simulation.

The diary aso provides access to more aspects of the simulation. The diary can for instance alter ventilation and
fabric aspects of the simulation. It can also reprogramme the services time clocks, perhaps to allow seasonal
variation to operation.

2.4.3 Example Scheduling

The heating for the example case is to be intermittent, two periods per day weekdays, 1 period weekends.
Weekday heating is to extend from 06:00 to 09:00 and 16:00 to 23:00. Weekend heating will be continuous from
08:00 through to 23:00. This schedule may be completely specified within the Heating definition, no diary
intervention is required.

The general occupancy pattern will be :-
4 occupants at activity 1 from 23:00 through to 07:00
2 occupants at activity 2 from 07:00 to 12:00
1 occupant at activity 2 from 12:00 to 18:00
4 occupants at activity 2 from 18:00 to 23:00.

Again thisis specified entirely within the Occupancy file.
After anumber of days, the occupancy profile will ater for weekdays, it will be (changes arein italics):-
4 occupants at activity 1 from 23:00 through to 05:00
2 occupants at activity 3 from 05:00 to 12:00
1 occupant at activity 2 from 12:00 to 18:00
4 occupants at activity 2 from 18:00 to 23:00.

This modification to the occupancy schedule is made viathe Diary. Once datais atered through the Diary, it will
remain until reset or altered again.

2.5 External Conditions

25.1 HTB2 view of Conditions
The external conditions are the driving forces for the thermal response of the building. The meteorological
conditions determine the external air temperature, ground temperature deep beneath the floor, wind, humidity and
the longwave and shortwave (solar) radiation exchanges of the external surfaces.
HTB2 generally accepts hourly records of the outside conditions (it can accept shorter intervals if available)
the values are held to be constant over the interval.

Values read in (or otherwise determined) include:-

outside air temperature C - thisis used to determine the convective heat exchange from the externa
surfaces of the building, and from ventilation,

outside air humidity % (or dewpoint C) - thisis used to determine the moisture exchange through
ventilation
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deep ground temperature C - thisis used to determine the heat transfer through solid floors in contact with
ground. If not available then HTB2 can be set to estimate ground temperature.

windspeed and direction m/s and degrees from North - this is used to determine the convective exchange
for external surfaces, and optionally to estimate ventilation air exchange.

solar irradiance W/m2 (global horizontal, diffuse horizontal and direct normal) - these are used to
determine the shortwave energy exchange at external surfaces and to determine the solar gains
through glazing to the interior of the building. HTB2 may be set to estimate direct normal solar
irradiance if the other two parameters are available.

cloud cover (tenths obscured) - thisis used to estimate the longwave radiant exchange for external surfaces.
It accounts for the fact that surfaces will cool faster on clear nights than cloudy nights. If
unavailable, cloud cover may be estimated from the observed solar irradiance through a
preprocessor.

The choice of external conditions used for simulations will depend on a number of parameters, none the least
being the availability of the data. Primarily however, the choice will be on site, season, and intent of the
simulation. For instance a simulation to assess peak summer conditions may utilise only a few weeks of severe
summer conditions. Some tests may require standard design data, others may require filed measured data.

HTB2 currently does not supply meteorological data. Contact WSA for information on tranglation programmes
for the conversion of different source data to HTB2 form.

2.5.2 Example Conditions

The example meteorological data for this test comprises one month of Winter data
2.6 Output data
2.6.1 HTB2 Output Data

Datais produced by HTB2 in different forms and in differing quantity and depth. The output procedures are very
flexible and without initial planning HTB2 may produce enormous amount of data, filling disks with information of
little concern to the intended use. HTB2 output is discussed further in chapter 9.

The key results produced by a simulation fall into three groups:-

Interval Report: Periodic recording of averages and totals of key simulation data, e.g. space air
temperatures, ventilation heat exchange. Typically thisis produced hourly for most uses. By default
it provides data grouped by Space at hourly intervals, producing sufficient information to generate a
simple space heat balance (energy in and energy out broken down by process) as well as
environmental parameters such astemperature and humidity. Optionally further datais available;
surface temperatures and heat flows, or greater detail in the operation of energy systems.

Element Profile: Periodic recording of the temperatures and energy flows in selected Elements. As well as
recording surface conditions, this section will also produce snapshots of conditions internal to the
construction of the Element.

Parameter Logging: Detailed recording of significant changes to simulation parameters (e.g. surface
temperature of a specific wall), to avery fine timescale, without recording redundant information.

2.6.2 Example Output Data requirements

For the example being used, it is sufficient to require only the standard Interval Report.






CHAPTER 3

DESCRIPTION OF SIMPL E DATA-SET: BUILDING

3.1 FiLeEFORMAT AND SYNTAX CONVENTIONS

HTB2 input data are stored simple text files. They may be created atered by simple text editors (DOS Edit or
Windows Notepad for instance). In HTB2 for Windows, there are al so interface software which may manipulate
these files.

In general each file contains a series of commands to HTB2. These commands define data (which may be numeric
or alphabetic) for use by the program in determining the characteristics of the building being simulated.

Such acommand takesthe form [Attention][ Command] [Data] where;
[Attention] isthe HTB2 attention character !,
[Command] isacommand keyword, always UPPER CASE
[Data] isthe datavalue supplied by the user.

For instance, 'VOLUME = 124.0 defines the volume of a Space.
Common errorsin producing HTB2 data files are misspelling the command, forgetting the command character, or
not using upper case for the command keywords. HTB2 will attempt to report command lines it cannot interpret,

but caution is always required, as some errors will be undetectable.

For instance the following are incorrect;

Ivolume = 124.0 - not uppercase
VOLUME=124.0 - no attention character
IVOLUME 124.0 -missing"="

and can be detected by HTB2. However, the following may be incorrect
IVOLUME = 1240 - missing decimal point
IVOLUME = - missing value

but may be passed by HTB2. The first will obviously provide the incorrect volume, the second, due to the action of
FORTRAN, will produce avolume of zero. In general HTB2 will not place avalue judgement on data provided
unlessit is obvioudly erroneous. For instance the first of the above could not be detected, as it represents avalid
space, it isjust not the value the user expected. The second in this example would be detected, a zero or negative
volume is not alowed; however for many parameters zero is an alowable value and this type of error may not be
detected.

Some HTB2 objects are require a number of data parameters, these are generally described by blocks of
commands. These blocks begin with a opening specific to the object, and are closed by the command 'END. An
example follows for an element;
IELEMENT = 'South Pitched Roof'
IAREA =125
IORIENTATION=0.0
ITILT=60.0
IEND.

All the data within the block (the indentation is not required but improves user readability) relates to one element.
The block must be closed by the 'END command; it would produce an error if datafor a new element was started in
the middle of an unclosed block.

Other HTB2 objects may contain data of indeterminate length, for example the number of layersin a construction.
Lists are used for these data structures; again started by a keyword associated with the object, the list data may be
extended until ended by the } character (close curly bracket). An example such lists follow, taken from a
congtruction file



ICONSTRUCTION

IPARTS

* layer materia thickness
1=1 0.100 0
2= -1 0.020 0
3= 28 0.050 0
4= 2 0.100 0
5= 35 0.0350

}

IEND

In thisexamplethe 'PARTS list isended by the} signal. Other datalines should not be inserted within the list
structure.

Note aso in the preceding example, that comments may be freely distributed through the data files for self
documentation. Comments start with the character *. They may be isolated lines of comment or words added to
the end of datalines. Comments should not be added in the data stream of the command however. Thusthe
following would be in error;

IVOLUME = * thisisthe volume 124.0

Other pre- and post-processor software may utilise HTB2 data files. Data required for those programmes (for
instance the SCHEME editor) use different Attention characters - % and $. HTB2 ignores information following
that signal, treating it like acomment. However the support software may require that data (SCHEME usesiit for
screen positions of objects etc.) so they should be left unchanged if the HTB2 files are edited by manually.

HTB2 uses Sl units for data.



3.2BUILDING DATA SET STRUCTURE

Information on the building itself, how it is divided up into spaces and the thermal properties of its walls, floor(s)
and roof, are contained in four files, one at the second level - the BUILDING file - and three at the third level - the
LAYOUT,CONSTRUCTION andMATERIALSfiles.

I
Esl,.'IL[}]}iI(}

LAYOUT MATERTALS

CONSTRUCTION

figure 3.1 Building File tree
3.3BUILDINGFILE
3.3.1 Overview

This file defines the location of the building, the modelled spaces it contains and points to definition files for the
layout of the spaces, the constructions of the walls and windows dividing these spaces and the materials used.

3.3.2 Scope and Defaults

Parameters which are described in thisfile are;
- abuilding identification string . Thereis no default.
- site location. The default is London, England.
- site time zone offset. The default is Greenwich.
- siteskyline. The default is an clear horizon.
- the number and volumes of the modelled spaces in the building.
- the names of files defining the materials, the constructions, and the partitions used to describe the
building.

3.3.3 The Bungalow File

The bungalow was determined to be best modelled ( for these purposes) as two spaces. the main living space and
the loft space.

figure 3.2 Bungalow example
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I PROJECTI D BRE type bungal ow

I LOCATION = 51.5 0.3

I DEFINE SPACE = ‘1 -living area’
I'VOLUME = 148.0
$POSI TION X = 288 Y = 234

$I CON = 305

I END

| DEFI NE SPACE = ‘2 -loft’
'VOLUME = 70.0
$POSI TION X = 444 Y = 231
$I CON = 305

I END

I MATERI ALS FI LE = * STDVAT. LBY’
I CONSTRUCTI ON FI LE = ‘ BREBUNGL. CON
' LAYQUT FI LE = ‘' BREBUNGL. LAY’

Identification code for the building, as for that of the run identification declared in the Top-level, and the
services identification declared in the Services file, it will be prepended to al output files.

Defines the geographical location of the building as 51.5 degrees latitude (N), 0.3 degrees longitude(W).
These are interpreted as being north of the equator and west of Greenwich respectively. For eastern
longitudes or southern hemisphere, negative numbers should be used. If the true longitude is not within
one time zone of Greenwich, the longitude of the nearest time zone east of the location should be declared
using the TIME ZONE command.

Define a space (or room) in the building. Note that any “virtual” spaces which may be used are
automatically defined and are not included here. Asthisisthe first space declaration, it defines Space 1.

starts the space definition. 1t must be paired with an 'END command. There may be many such space
definition blocks, as many as required to define the problem. Each space may have a character name
associated with it (the string contained in the single quotes before the “="), this may be used in
preprocessors for HTB2. 1t will be useful to define meaningful names for the spaces (there is a constraint
of ?? characters maximum for each name).

defines the volume (air content) of the spacein m®. Thisis the minimum data required to define a Space. It
specifies the volume of each space in turn, one line to each space. The“ " character at the start of the line
is mandatory. Spaces are identified by index humbers which are assigned sequentialy (from 1) asthey are
defined in this file. The space volume is defined in mé,

are optional data created and recorded by the HTB2 preprocessor SCHEME. HTB2 does not require these
commands, but if present should not be altered directly by the user.

Define a second Space for the simulation.

Nominate the third level files containing data on the layout of the building, the constructions and the
materials used.



3.4CONSTRUCTIONFILE
3.4.1 Overview

The construction file sets out the name, sequence and thickness of the materials which make up each of the types
of elements and windows used in the building. The same construction can be used in any humber of elements.
Thisfile thus sets up a database of construction techniques, which are picked out as appropriate for physical
structures within the layout file.

There are pre-defined “materials’ for cavities:
"Material” -1 isahigh emission cavity, using CIBSE values,
“Materia” -2 isalow emission e.g. fail lined cavity, using CIBSE values,
“Materid” -3 isasimple resistance layer, the resistance of which is coded in the width specified.

Window constructions require additional transmission and absorption data compared with opague constructions.

Materials used in constructions may be selected from a standard materials library (as nominated in the BUILDING
file) or from a user supplied library.

A typical construction might be asillustrated in figure 4.3. The placement of the calculation nodes are determined
within the model itself. Although the node density is under control of the user, it is generally best to accept the
default values.

3.4.2 Scope and Defaults

Parameters which are described in this file are;

- the dimensions and material layers of a construction type which may be use in the partitioning elements of
the Layout file. There are no defaults construction, apart from a"virtual" boundary (coded as
construction -1) which acts as a pure air-air resistance.

- the optional definition of the calculation node density of that construction type. The default (signified by
0) is the maximum number of nodes which will guarantee calculation stability. This option overrides
internal checks for numerical stability, and so should be used with caution.

- the solar transmission and absorption characteristics of glazing types which may be used in the Layout
file. There are no default glazing types.

- apointer to an optional user's library of material thermo-physical properties.
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figure 3.3 Construction Section
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3.4.3 The Bungalow File

Six construction types and 1 window type were required to describe the simple partitioning of the bungalow. Asin
the case of the spaces and the element descriptions, code numbers are automatically assigned sequentially to the
construction definitions as they are entered in this file.
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* construction definition file for bre bungal ow
* uses user defined materials |ist

I MATERI ALS USER FI LE = ' BREMATS. LBY’

* and standard library

I CONSTRUCTI ON ‘1 external cavity wall’

I TYPE OPAQUE

I PARTS

* part mat eri al wi dt h slices

_1 = a 0. 105 0 * brick outer
_ 2 = -1 0. 065 0 * normal cavity
3 = @ 0. 105 0 * brick inner
_ 4 = @ 0.016 0 * plaster

}

I END

I CONSTRUCTI ON ‘ 2 single glazing’

! TYPE TRANSPARENT

I PARTS

* part mat eri al wi dt h slices absor p

1 = 65 0. 006 0 1.00 * wi ndow gl ass
}

I END

I CONSTRUCTION ‘3 solid ground floor *

I TYPE OPAQUE

I PARTS

* part mat eri al wi dt h slices

1 = @o 0. 015 0 * car pet

_ 2 = a1l 0. 100 0 * concrete

_ 3 = @az2 1. 600 0 * earth

}

I END

/1] File Section Omitted ///

* wi ndow type definitions

'WNDOW = ‘ 6MVFLOAT’
I TRANSM SSI ON =
0.64 , 0.80, 0.80, 0.80, 0.80, 0.78, 0.75, 0.71, 0.60, 0.36, 0.0

I ABSORPTI ON =
0.134 , 0.12, 0.12, 0.12, 0.12, 0.14, 0.14, 0.14, 0.14, 0.15, 0.15
I END

nominates a user defined materials definition file to supplement the standard library. The user's materials
will be used when the code prefix “@” is used.

defines the first construction. Construction code numbers are allocated sequentially as the constructions
are defined, starting from 1, these index numbers will be required if the Layout file is created by hand. The
construction name defined here as'1 external cavity wall' is used within the HTB2 preprocessors SCHEME
and CONSTRUCT, it will be helpful to provide meaningful names for constructions.

sets the construction to be an opaque type (this is aso the default so that this command is not strictly
necessary). A “TRANSPARENT” construction is thermally identical but needs extrainformation to define
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al-as

an

the transmission characteristics.

starts a list of parts (or layers of materias) for the construction. Parts are to be defined in the order of their
occurrencein the construction from the "FIRST" surface to the "LAST" surface. Each part would normally
be a homogeneous material layer of the actual construction. By convention, the external surface of awall
(or roof) is alwaysthe "FIRST" surface. The exception isthe external surface of a ground floor slab (i.e.
that in contact with the ground) which isalwaysthe"LAST" surface.

defines the properties of each part, or layer, in turn, one line of data for each layer. Each line must start
withthe" " character. Theindex number followingthe" " isfor the users convenience only. Thedatain
the line defines the layer material, width, and (optionally) number of calculation nodes:

- The materia code refers to materials drawn either from the standard library materials file or from the
user’sown file. Materials from the user’slibrary are signified by a* @’ preceding the code.

- The width represents the complete width of the part in metres. If the special material "-3" is used, this
width defines the layers thermal resistance; the resistance is coded as width (m)= resist(W/m?C)/1000.

- The number of calculation nodes (or "dlices") represents the number of discrete, equal distance steps used
in the finite difference fabric calculations for that part of that construction. If the value specified is O then
the number of slices will be chosen internally (to a previously specified maximum) to provide calculation
stability. Thisisthe case here. (Note: If stability cannot be achieved within the required timestep an error
message will be produced and the run aborted.)

The“}” character closes the list of parts for that construction.
closes the definition of properties for a that construction.

define atransparent type construction, for use as awindow. Thisis of the same format for the opague type,
however an extraitem of information isrequired in the layer data...

...that is the amount of the total solar energy absorbed within the construction that is to be directed to each
layer. Thisis specified as a proportion (0-1) of the total. In this case all absorbed energy goes to the first
(and only) layer. Should this construction have been double glazing, for instance, then the specification
may have been 0.6 to the first layer, 0.0 to the second (cavity) layer, and 0.4 to the third layer.

These commands define a window transmission characteristic. These characteristics are independent of the
thermal properties of constructions defined above. The two properties are joined together as a physical
window in the Layout file.

defines a name for the characteristic. This name will be used to access the characteristic within the Layout
file. Up to 10 characters may be used in the name.

ao-ap these 11 values set the transmission coefficients for the characteristic. The first defines the net diffuse

transmission coefficient. The next 10 define the direct beam transmission coefficients for incidence angles
from O to 90 degree (i.e. in 10 degree steps).

ag-ar these 11 values set the reflectance coefficients for the characteristic, the format is as that for the

as

transmission coefficient.

closes the list of properties for a window characteristic.






35MATERIALSFILE
3.5.1 Overview

Materials definition files provide the definition of the thermal properties of the materials chosen for the
constructions. The properties defined are the thermal conductivity (W/m/°C), the density (kg/m?3), and the heat

capacity (Jkg/°C).

There are two materials lists available to each run of the model:
(a) astandard library file, such as STDMAT.LBY which containsalist of common materialsin a
direct access file, and
(b) auserslibrary file which is created and atered by a standard editor to include the properties of
any material required that is not in the standard library. It isasimpletext sequential file.

The materials present in the standard library included in HTB2 (thefile* stdmat.Iby”) are given in appendix A. They
are numbered sequentially and are referred to in the construction file simply by this number. Within the HTB2
preprocessor CONSTRUCT, materials may be addressed by name.

Materials required for a specific use are entered in the users materials file in a simple text format. The materials
do not need to be numbered sequentially in thisfile. Each material has 2 records. The dataisread in free format
and there can be no comments between records.

Theformat is:
Code (integer)  * material name (char)
Conductivity (W/m/C) Density (Kg/m®) Specific heat (JKg/C)

Only the thermo-physical properties are of the materials are required. Other parameters, such as colour or vapour
resistivity are either assign to the element using the materials, in the Layout file, or are not used within the model.

3.5.2 Scope and Defaults

Parameters which are described in this file are;
- the thermal conductivity, density, and thermal capacity for materials which may be used in the
Construction file. Thereisadefault library containing arange of common materials. Thisuser's
library alows non-standard properties to be used easily.

3.5.3 The Bungalow File

This has been given the name BREMATS.LBY . It contains 9 materials with the properties specified in the BRE
bungal ow data set.

a 1 * outer brick
b 0. 840 1700.0 800.0

c 2 * inner brick
d 0.62 1700.0 800.0

e 3 * plaster

f 0. 26 800.0 1000.0

g 4 * pl ast er board
h 0.16 950.0 840.0

i 5 * oquilt

j 0. 040 12.0 840.0

k 8 * roofing tile
| 0.84 1900.0 800.0

m 10 * car pet

n 0. 055 160.0 1000. 0

o] 11 * concrete

p 1. 40 2100.0 840.0

q 12 * earth

r 1.40 1900. 0 1700.0

notes

a define user material 1 ( denoted @1), called outer brick

b with conductivity = 0.840 W/m?#C, density = 1700.0 kg/m3, capacity = 800.0 Jkg/ C.
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3.6LAYOUTFILE
3.6.1 Overview

The layout of the building is defined in terms of the elements (walls, sub-sections of walls, ceilings etc.) which
partition the building into spaces and zones.

The layout file defines the surface connections and properties of those elements and assigns pointers to thermo-
physical properties defined in the construction and materials files. The layout file also defines shading masks for
elements, should those be required ( the default shading is unshaded).

An element may connect at most two spaces. Only one space may be connected to each side. Each element
surface is treated as being a uniform area, that is heat transport is treated one-dimensionally. Thus an element is
composed of a single construction type, its surface is at an uniform temperature, and heat transport (convective or
radiative) occurs uniformly across the area. These considerations will influence the choice of partitioning areas
for the “break-down” of the building into a model data-set.

Elements are automatically given identification code numbers sequentialy (from 1) as they are defined in thisfile.
The space and construction code numbers used here are those assigned in the definition files for those items.

IN'LT ANGLE

HORIZONTAL

AST PART

LAST SURFACE

FIRST PART

SPACE TO FIRST SPACE TO LAST

FIRST SURFACE

CONSTRUCTHON

CRNDUCRION ‘(\Q CONVECTION

" v LONGWAVE .
SHORTWAVE FADIATION

ELEMENT

3.6.2 Scope and Defaults

Parameters which are described in thisfile are;

- the existence of aphysical and virtual partition, across which heat flow will take place.

- the construction type surface connectivities of that element. There is no default.

- the surface connectivities of that elements. There is no default.

- the geometrical area of that element. Again thereis no default.

- the orientation and tilt angles of the element. There are no defaults for exterior connecting elements.
Elements which are totally interior have a default tilt appropriate for asimple wall.

- the surface absorptivity (colour), emissivity, and reflectance of nearby surfaces. The defaults are for
typical, medium coloured, building materials.

- the shading applied to the (external) surface.

- for elements which are windows, the glazing type, sun-patching, frame blockage, and cavity losses. There
are no default glazing types or sun-patching. Frame blockage and cavity losses (or back-reflection)
default to nil.
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3.6.3 The Bungalow File

The bungalow, for simplicity, was chosen to be modelled with large areas of common constructions on each
facade. |.e. the North facade will be made of 2 elements corresponding to the total masonry area, and the total

'ELEMENT = ‘1 south wal |’
I CONSTRUCTION = 1

I AREA = 16.3
I ORI ENTATION = 0.0
ITILT = 0.0

I GROUND REFL = 0.2
I SPACE TO FIRST = 0
I SPACE TO LAST = 1
! ABSORPTI ON FI RST = 0.8
I ABSORPTI ON LAST = 0.5
ICLASS = 1
$POSITION X = 105 Y = 61
$I CON = 306
$EXTERNALPOS X = 31 Y = 214
I END

ELEMENT = ‘2 south wi ndows’
I CONSTRUCTI ON = 2

I'AREA = 6.6
I ORI ENTATION = 0.0
ITILT = 0.0

I GROUND REFL = 0.2

I' SPACE TO FIRST = 0

I SPACE TO LAST = 1

! ABSORPTI ON FI RST = 0.8

I ABSORPTI ON LAST = 0.5

I W NDOW TYPE = ‘ 6MVWFLOAT

QJN“<><§<C""U1".Q'OODB_W'_'_'T(Q_"‘CDQ.OCTQJ
@

ab I PATCH TO #8 FIRST = 1.00
ac ICLASS = 2
ad $POSITION X = 98 Y = 202
ae $I CON = 307
af $EXTERNALPCS X = 31 Y = 214
ag I END
/111 File Section Omitted ///

ah ' ELEMENT = ‘8 ground floor’
ai | CONSTRUCTI ON = 3
aj I AREA = 66.0
ak I'TILT = 90.0
al ' GROUND REFL = 0.2
am I SPACE TO FIRST = 1
an I SPACE TO LAST = 0
ao I ABSORPTION FIRST = 0.8
ap I ABSORPTI ON LAST = 0.5
aq I CLASS = 3
ar $POSITION X = 277 Y = 320
as $I CON = 306
at $EXTERNALPCS X = 288 Y = 380
au I END

/11l File Section Omitted ///
av 'ELEMENT = ' 14 internal partiti’
aw I CONSTRUCTION = 6
ax ' AREA = 23.0
ay ITILT = 0.0
az ' GROUND REFL = 0.2
ba I SPACE TO FIRST = 1
bb I SPACE TO LAST =1
bc I ABSORPTION FIRST = 0.8
bd I ABSORPTI ON LAST = 0.8
be I CLASS = 4
bf $POSITION X = 410 Y = 346
bg $I CON = 306
bg I END
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glazingarea.

notes

a-o

g-ag

aa

ab

define an element, in this case al south facing opague walls are lumped together. Elements are code
numbered sequentially from the order they are defined in this file.

opens the element definition. The element name defined hereis not used within HTB2, but is used by the
pre-processor SCHEME and should be provided as it allows a degree of self documentation.

defines the construction type for this element. This defines this relevant thermal properties of the element.
The index code used refers to those required construction's position within the construction definition file.

defines the (single-sided) surface areain nv.

defines the azimuthal angle of the “FIRST” surface normal of the element, specified in degrees clockwise
from south. Thisis required information only for externally connecting elements. This element faces
south.

defines the tilt angle (in degrees clockwise) between the horizontal and the normal to the FIRST surface.
Thisisrequired for al elements. Thiselement isavertical wall.

defines the total reflectance or albedo of all adjacent surfaces and/or the ground, to this element's external
surface. Thisvaueistypical, andisin fact the default value. A such, thisline could be removed without
affecting the element definition. Aswith most default valuesin HTB2, global redefinition of the default is
allowed inthe Top-Level file; any values entered in th Layout file will override the default value.

define the spatial connections of the element surfaces. The “FIRST” surface is that of the first layer of the
appropriate construction. By convention an ordinary external surfaceisa“FIRST” surface, that isthe
“FIRST” surface of the element is connected to space 0 (which acts as the exterior). For totally internal
elements the surface connections are arbitrary, but must reflect any asymmetry in the construction type.

define the absorption coefficients to shortwave (i.e. solar) irradiance on the “FIRST” and “LAST” surfaces
respectively. This definition effects opague elements only. The default values are equivalent to typical,
medium-coloured wall surfaces. These values set valuesto slightly darker, and lighter, for the external and
internal surfaces respectively.

declares this element to belong to Class 1.  Thisisacommand affecting output data rather than calculation
parameters. Classes are optional; al elementsin a class will be aggregated in the output procedure to
provide data on total heat flows through a fabric type thus defined. In this example all opaque external walls
will bein class 1, al windowsin class 2. If class are defined, not al elements need to be assigned to a
class.

are optional data created and recorded by the HTB2 preprocessor SCHEME. HTB2 does not require these
commands, but if present should not be atered by the user.

ends the definition list for the element. Any definition command not explicitly used will either produce a
default value or an error condition. Thus for this particular element the surface emissivity will default to
0.9.

define an element corresponding to al south facing windows. The data to be provided is similar to that for
an opagque wall, but three further pieces of information are required for a window.

selects the glass transmission characteristic for the window. The characteristic used is that defined in the
construction file.

indicates to which surfaces inside the building, the solar energy entering through this window will fall.
Currently thisis afixed (i.e. not time- or seasonally- dependant, and so should reflect an average or typical
sun-patch. In most cases directing the solar energy to the nearby floor surface will be sufficient, asin this
case.
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ah-au define the ground floor slab for the space.

am-anA ground floor "external" surface is extraordinary, in that it must be connected to a deep ground
temperature, and not to external air. Thisissignified by assigning space 0 to the“LAST” surface, rather
thanthe"FIRST".

ak  Thistilt angle describes a horizontal element.

al, ap A ground floor hasit's"LAST" surface in contact with the ground. It therefore has no radiant exchange and
so there is no need to specify an absorption coefficient or ground reflectance for that surface. These
values will therefore be ignored.

av-bg definean internal partition. Inthis case asthereisonly one "downstairs' space, all partitions have been
aggregated to one surface area.

ba-bb note that space 1 is connected to both surfaces of the element. Thus there will be no net heat flow through
the element, but it will till absorb and release heat as an internal thermal mass.
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CHAPTER 4

DESCRIPTION OF SIMPLE DATA SET: SERVICES

4.1 OVERVIEW
Information on the plant and operation of the building is contained in up to six files, one at the second level - the

SERVICESfile- andfiveat thethirdlevel - theHEATING, LIGHTING, SMALLPOWER, OCCUPANCY and
VENTILATION files.

SERVICES

HEATING LIGHTING VENTILATION

OCCUPANCY SMALL POWER

figure 5.1 Services File Tree



4.2SERVICESFILE
4.2.1 Overview

The SERVICES file acts to nominate the definition files for the services required. Note that defining the services
at this stage will not necessarily include them in the simulation unless the appropriate routines are also enabled in
thetop-level. On the other hand enabling a service routine without declaring an input file will result in an error
condition.

The possible routines which this section deals with are:
- Heating system(s)

Lighting system(s)

- Small power system(s)

Ventilation

- Occupancy

These may be used in any combination, but the appropriate option must have been enabled in the run's Top-level
file.

4.2.2 Range and Defaults

Parameters which are described in this file are;
- aservicesidentification string . Thereis no default.
- the names of files defining the properties of the services chosen for the run.

4.2.3 The Bungalow File

All services are to be used for this example. Therefore there are 5 definition files to nominate.

* services file for bre bungal ow
I SERVICEID full systens

I HEATI NG FI LE = * BREBUNGL. HTR

I'LI GHTI NG FI LE = * BREBUNGL. LGT”

I SMALL POVER FI LE = ‘ BREBUNGL. SPW
I OCCUPANCY FI LE = ‘ BREBUNGL. OCC

I VENTI LATI ON FI LE = ‘ BREBUNGL. VNT'

oQ "0 Q0T

notes

a Comment line, ignored by HTB2, for self documentation, comment lines (text preceded by * may appear
freely in most HTB2 data files.

b Identification code for the systems, output to al files.
d-h  Nominate files defining the service systems parameters. As directory information has not been supplied,

these files will be expected within the directory from which HTB2 was started, or within the directory
containing the Top-level file supplied to HTB2.



43HEATINGFILE

4.3.1 Overview

HTB2 treats the heating of a building in terms of a set of heating systems. A heating system is treated as a "black-
box" with predetermined responses to the building environment. Each system is essentialy a pairing of emitter
and controller characteristics, as in figure 4.2.

Any number of heating systems are allowed (up to the maximum set in the program code prior to compilation and
linking). These systems may al operate independently or be orchestrated by a central control. Each system may
be concerned with only one space or with severa, or there may be severa systems seeking to control a single
space.

The parameters used to define a system may describe the characteristics of (for instance);
-an "ideal", fast response room-based system which will maintain a space air temperature regardless
of heating load.
-atypical wet central heating system, with associated time delays and warm-up times, and with local
TRV type control, and a central timeclock and thermostat.
-an electric off-peak storage heating system.

Asan option to the "ideal" heating system, "flat-top" cooling may a so be used to estimate a cooling load. That is,
aswell asinjecting heat, the system will remove heat to maintain a room's air-temperature at the desired set-point.

4.3.2 Scope and Defaults
Each heating system is described in terms of:

1. The heating system itself, in terms of its maximum heat output (and water vapour output if required), the
proportion given out as convective, radiative and direct (e.g. underfloor) heat, and its warm-up and
cool-down time constants. There is no default output, but the other parameters default to a simple
convective output, immediate response "ideal" emitter. Note that the radiant output of an emitter
may be considered as either diffuse, wherein radiant output is spread over all surfaces of a zone, or
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direct, where the radiant output is directed to specified surfaces.

2. The spaces (zones or surfaces) heated, in terms of the number and identity codes of spaces, zones or elements

to receive heat, the proportions of the total system output received by each. There are no default
connections pre-defined for a system.

3. The control system characteristics, in terms of automatic on/off times of the system (up to five periods, note

that the systems may also be controlled directly through the “diary” for greater flexibility), the type
of thermostat and its characteristics (i.e. athermostat may have atime-lag, atime constant. It may
sense any specified combination of air/radiant/surface temperatures and also have a coupled
accelerator, and it may control the heat emitter by simple on/off signals or by unlimited, or limited
bandwidth, proportional control). Thisversion of HTB2 aso has a 7-day timeclock function, that is
each on-off period may be programmed for days of the week independently. The default control
characteristic is for an ideal proportional air temperature control, however there are no defaults for
set-points, time periods or spatial connections.

4.3.3 The Bungalow File

A simple convective system with ‘ideal’ proportional control (i.e. the set temperature will be maintained within the
limits of the system rating) with air sensing, and immediate response has been selected. It will serve space 1 only

<C""(/7".Q'0033_W'_'_'3(Q_"‘CDQ.OCTQJ

I HEATSYS ‘ Li vi ng Space’
* heating systemfor bre bungalow , main space (1) only
* 7 kW sinpl e convective heater
2 tinme clock periods
190C set point
I PONER QUTPUT = 7.0

*
*

ISPLIT = 1.0 , 0.0 , 0.0

I CONVECTI VE CONNECTI ONS

#1 = 1.0

I CLOCK START TIME #1 = 06:00:00 | mtwtf-- * weekday schedul e
ICLOCK STOP TIME #1 = 09:00:00 | mtwf--

I CLOCK START TIME #1 = 08:00:00 | ----- ss * weekend schedul e
ICLOCK STOP TIME #1 = 23:00:00 | ----- ss

I CLOCK START TI ME #2 = 16: 00: 00 * both

I CLOCK STOP TIME #2 = 23:00: 00

| STAT TYPE | DEAL
I SETPOINT = 19.0
I STAT Al R CONNECTI ONS
_#1=1.0
}
| END

and be run automatically to two “on” periods per day.

notes

a

h-j

k-p

Opens a system definition. System identification codes are numbered sequentially as they are defined in
this file. The system name is currently only for the users identification.

Maximum heat output available for this system, in kW. If maximum is unknown or unimportant (for sizing
exercises for instance) a value of -1 may be entered; then there will be an unlimited supply of heat from this
emitter. It issensible only to use this option for the "IDEAL" control option.

Specifies a purely convective output for this emitter, no radiative, and no direct heat output modes. Thisis
the default condition, so this line could have been omitted.

define the output connections for the system as one convective connection, connecting to space 1, with
100% of the convective output going to that space. Output from a system may be sent, in any proportion,
to any number of spaces (thus one system could serve severa spaces, controlled by one thermostat in one
zone, e.g. asimple central heating system); thislist is closed by the "}" character.

define the settings of the Timeclock controller. Two "on" periods are defined.
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k-

the first such period, for Monday through Friday inclusive, is from 06:00 to 09:00 inclusive (i.e. the
heating will be "off" a 09:00:01).

the first period, for Saturday and Sunday, is from 08:00 to 23:00 inclusive.

the second period, for any day, is from 16:00 to 23:00 inclusive. Note that the first and second periods
overlap for weekends, with no conflict.

define the thermostat/control characteristics. Heating controllers may be quite complex, this example is
the simplest definition of a controller.

declares the ‘stat type to beideal proportional, that is the set point will be maintained (if the load is within
the specified heating capacity) during the heating periods. By default it will be totally air-sensing (the only
sensible option for the "IDEAL" controller).

setsthat 'stat set-point to 19 °C. Asan"IDEAL" controller, the system will endeavour to maintain this air
temperature regardiess (affected only by the maximum heat output declared). More realistic options (such
as"ON/OFF") may hunt around adesired temperature.

defines the sensing connections of the controller. The format is similar to that of the emitter output
connections. The 'stat is wholly connected to air temperature of space #1.

Ends the heating system description.






The entire block from position flag a-v would be repeated for each required system.
44LIGHTINGFILE
4.4.1 Overview

HTB2 treats lighting systems only as sources of heat. Thereis at the current release no illumination evaluation
model. HTB2 treats the control and output of the lighting of a building in terms of sets of lighting circuits.

Any number of lighting circuits are allowed (within the constraints of the compiled array sizes), each operating
independently with a separate specification of heat output, output connections, and operating schedules. A code
number for each circuit is assigned sequentially in the order defined in thisfile. Each lighting system may be
concerned with only one space or with several, or there may be several systems seeking to light a single space.

The parameters used to define a lighting circuit may describe the characteristics of (for instance);
-an simplelocal source, operating on acomplex switching pattern dictated in a"diary".
-a fluorescent tube installation, with an associated timeclock control, stretching over several spaces.

As an option, a simple photocell control characteristic may be specified. Thiswill switch the lighting circuit load
between two levels (termed "day" and "night") according to the external solar irradiance level.

4.4.2 Scope and Defaults
Each circuit is described in terms of:
1. Thelighting circuit itself; its maximum heat output, and the proportion of that output given out as convective
and radiative heat. Thereisno default for output level, but the default output mode is purely

convective.

2. The spaces treated; i.e. the number and identity of the spaces served by the circuit, and the proportion of the
output received by each space. There are nor defaults for connections.
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3. The control system (if present); timeclock on/off times of the circuit (up to three periods). Note that full
‘manual’ control of the lighting output available through the diary. The default condition assumes
that the circuit will be controlled through the diary. Theinitial state is always "off".

4. Asan option, the lighting load may be controlled from the external solar irradiance, using a simple switching

model.
a I'LI GHTSYS ‘living space’
b * sinmple clock controlled lighting circuit
c I HEAT OQUTPUT = 500.0
d 'SPLIT = 0.20 , 0. 80
e I CONVECTI VE CONNECTI ONS
f _#1 =1.0
g }
h I RADI ANT CONNECTI ONS
i _#1 =1.0
] }
k * set up clock,
| * 4 switched periods
m * 1st on tinme depends on weekday/end
n I CLOCK START TIME #1 = 06:00:00 | ntwtf--
o] I CLOCK START TIME #1 = 07:00:00 | ----- ss
p I CLOCK STOP TIME #1 = 08:00:00 | ntwtfss
q I CLOCK PROPORTION #1 = 1.0
r * rest are for every day
s I CLOCK START TI ME #2 = 08:00: 00
t I CLOCK STOP TIME #2 = 11:00: 00
u I CLOCK PROPORTION #2 = 0.7
\" I CLOCK START TI ME #3 = 15:00: 00
w I CLOCK STOP TIME #3 = 18: 00: 00
X I CLOCK PROPORTION #3 = 0.7
y I CLOCK START TI ME #4 = 18:00: 00
z I CLOCK STOP TI ME #4 = 23:00: 00
aa I CLOCK PROPORTION #4 = 1.0

4.4.3 The Bungalow File

For this example a single simple circuit of 500 W was sufficient. Control would be achieved entirely through the
diary scheduler.

notes
a Opens alighting circuit description
c defines the maximum circuit output, in wetts.

d defines the output mode as 20% convective, 80% radiative output split. Thisis appropriate for ahigh
temperature light source. Note that the radiant output is considered to be diffuse, that isit is spread evenly over all
surfaces in the appropriate zone.

e-g defines the convective output connections. In this case, the proportion 1.0 (or 100%) of the convective
output (i.e. 20% of the total cf. line c) goes to space 1.

h-j  similarly defines the output connections of the radiant component. That is all radiant output is sent to zone
1 (usually zone 1 will be identical to space 1). The radiant connections would not need definition if there were no
radiant output split (cf. line d).

n-aa define the automatic clock control for thiscircuit. Aswith heating, a more complex switching pattern

could be manages through the Diary. The definition of the clock control periods are the same as for the heating
system (cf. 4.3). In addition, the amount of lighting used in aclock "on" period must be defined:-
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a sets the circuit output to be 100% of the stated maximum, during clock period 1.
ab  Endsthe circuit description.
Further lighting circuits would repeat the block a-ab.

450CCUPANCY FILE

45.1 Overview
Within the model occupants are treated only as sources of heat and (optionally) water vapour. Occupant
interventions and control actions are dealt withinthe“DIARY” scheduler. Thereis no behavioura model of
occupancy control (though the effects of occupants may be ssimulated in a deterministic manner through the diary
scheduler).
The occupancy file specifies the heat and water-vapour output of individual occupants of the building. Three
different occupant types (which may be considered as different levels of activity) are definable for each space.

Each space may be defined and operated independently.

The occupancy leve (i.e. numbers of occupants) and the choice of type (i.e. how many people, of which type arein
each space for what period of time) is controlled by means of the diary. There is ho automatic scheduling.

Each space that is to experience occupant gains must have an entry in thisfile.
4.5.2 Scope and Defaults

The thermal properties of a occupancy of a space are described in terms of;

1. The heat output (metabolic rate) in watts, and the water vapour generated by the occupant in gram/sec, for each
of three activity levels. The default condition defines the three levels as 80, 130 and 190 waetts per
person respectively. Thereis no water vapour output defined by default.

2. The convective/radiative split of the heat output, as fractions. The default is a 50/50 split.

3. Theinitial number of occupantsin the space. The default is nil.

_________ T
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[Building v

figure 5.4 Occupancy System
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Note that is water vapour generation is to be used, then the water calculation routine must be enabled in the Top-
level file.

I OCCUPANCY SPACE = 1

PACTIVITY LEVEL #1 = 50.0 , 0.0
PACTIVITY LEVEL #2 = 90.0 , 0.0
P'ACTIVITY LEVEL #3 = 150.0 , 0.0

I'SPLIT = 0.80 , 0.20
'I'NITIAL = 0.0

I CLOCK START TI ME #1 = 00:00: 00
I'CLOCK STOP TIME #1 = 07:00: 00
I'CLOCK ACTIVITY LEVEL #1 = 1

I CLOCK OCCUPANCY #1 = 4

I CLOCK START TI ME #2 = 07:00: 00
I'CLOCK STOP TIME #2 = 12:00: 00
I'CLOCK ACTIVITY LEVEL #2 = 2

I CLOCK OCCUPANCY #2 = 2

I CLOCK START TI ME #3 = 12:00: 00
I'CLOCK STOP TI ME #3 = 18:00: 00
I'CLOCK ACTIVITY LEVEL #3 = 2

I CLOCK OCCUPANCY #3 = 1

I CLOCK START TI ME #4 = 18:00: 00
I'CLOCK STOP TI ME #4 = 23:00: 00
I'CLOCK ACTIVITY LEVEL #4 = 2

I CLOCK OCCUPANCY #4 = 4

I CLOCK START TI ME #5 = 23:00: 00
I'CLOCK STOP TI ME #5 = 24:00: 00
ICLOCK ACTIVITY LEVEL #5 = 1

I CLOCK OCCUPANCY #5 = 4

aa I END

N Xs<c~wnwW-O0TOS3 X7 75Q 020 oT®

45.3 The Bungalow File

Three occupant types will be defined, corresponding to different activity levels expected. The occupancy of the
building will be selected in multiples of this nominal occupant.

notes
a Opens an occupancy definition for space 1
b declares occupant type 1 to generate 0 W heat output, and O g/s water output per occupant.

c declares occupant type 2 as 50 W heat output, O g/s water output (assuming no water gain calculations will
take place).

d declares occupant type 3 as 100 W heat output, O g/s water output.

e defines the occupant convective/radiant output split to be 80% convective, 20% radiative. Note that the
radiant output is considered to be diffuse, i.e. spread evenly through the appropriate zone.

f declares the initial occupancy of space to be O persons.

g-z definethe automatic "clock control” for occupancy in this space.  Aswith heating, a more complex
switching pattern could be managed through the Diary. The definition of the clock control periods are the same as
for the heating system (cf. 4.3). In addition, the occupancy activity and amount of people present in a clock "on"
period must be defined:-

i sets the occupant activity level to be level | during clock period 1.

j sets the number of occupantsto 4, during clock period 1.
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aa  Endsthe definition for the space.
Further occupancies for other spaces would repeat lines ato aa.

46SMALL POWERFILE

4.6.1 Overview
This file specifies the small power sources to be used in the simulation. Any number of sources may be specified.
Note that the term “small” is not meant to be prejudicial on the actual heat output of the source, which may be as
large as desired. The sources are individually controlled from the diary. The source code number is assigned in
the order as they are defined in thisfile.

4.6.2 Scope and Defaults
Each small power source is defined by:
1. itsmaximum output of heat, in watts (and optionally of water vapour, in gram/s). Thereisno default value.
2. the convective/radiative split of the heat output. The default is atotally convective output. Note that the

radiant output of an emitter may be considered as either diffuse, wherein radiant output is spread
over al surfaces of a zone, or direct, where the radiant output is directed to specified surfaces.

Small Power
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3. The spaces (or zones or surfaces) affected by the source, in terms of the number and identity codes of spaces,
zones or surfaces to receive heat, the proportions of the total source output received by each. There
are no default connections pre-defined for a source.

I SMALL POVER ‘' TV
I HEAT OQUTPUT = 150.0
I'SPLIT = 0.6 , 0.4
I'I' NI TIAL FRACTION = 1.0
I CONVECTI VE CONNECTI ONS
_#1 =1.0
}
I RAD DI FFUSE
I RADI ANT CONNECTI ONS
_#1 =1.0
}
I CLOCK START TIME #1 = 08:00:00 | ----- ss
I CLOCK STOP TIME #1 = 10: 00: 00
I CLOCK START TI ME #2 = 18:00: 00
I CLOCK STOP TIME #2 = 19: 00: 00
I CLOCK START TI ME #3 = 22:00: 00
I CLOCK STOP TI ME #3 = 23:00: 00
I END

I SVALL POWAER ‘ COOKER'
' HEAT QUTPUT = 1700.0

C~*0W - OTOI3I TR TSTQ OO0 TY

4.6.3 The Bungalow File

Three small power sources were needed to cover the range of outputs and operating schedules. They cover the TV.
(150 W), the cooker (1700 W), and a continuous background source (fridge and hot water tank, 210 W).

notes

a Opens the first small power source description, the name is not currently used, but should be defined for
self documentation.

b defines the sources maximum output as 150W.
c defines the heat output as 60% convective, 40% radiative.
d sets the initial output as 100% of the sources maximum.

e-g defines the connections for the convective output. In this case 100% (i.e. 60% of the total output, cf. note
C) goesto space 1.

h declares the radiant output to be of diffuse type. That isthe radiant output will be evenly distributed over
the surfaces of the connecting zones.

i-k  defines the connections for the radiant output. In this case 100% of the radiant output goes to zone 1.
I-q define the automatic "clock control” for this source. Aswith heating, a more complex switching pattern
could be managed through the Diary. The definition of the clock control periods are the same as for the heating

system (cf. 4.3). In addition, the amount of output as a proportion of the maximum may also be defined for each
clock period. Here the default value of 1.0 will be used.
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i sets the occupant activity level to be level , during clock period 1.r  Ends source 1 description.
The block a-r would be repeated for each desired source.

47VENTILATIONFILE

4.7.1 Overview

Ventilation in HTB2 encompasses both infiltration and purpose provided air movement. Several options are
available which allow varying degrees of sophistication in specifying or calculating ventilation airflows.

Ventilation is modelled only as a transport mechanism for heat and, optionally, moisture. Thereis currently no
pollutant model.

This file specifies the ventilation characteristics to be used in the simulation, according to the ventilation model
used.

These (mutually exclusive) ventilation models are currently available:

Model: Description:

1 simple air change rate. Three fixed rates are available for each space, according to space temperature and/
or status as set viathe diary. Thisisthe simplest model, it alows some programmed response to the

internal environment, but considers exchange to the outside only; inter-space air-flows are not
specified.

N

specified space-space air flow networks. Three fixed patterns are available on abuilding wide basis. Thisis
amore flexible model, allowing exchange between spaces as well as between a space and the outside,
but there is no guidance as to the parameters of the networks. This must be derived elsewhere. The
choice between network is only made through the diary, there is no environmental control model.

|0

calculation of an empirical air change rate equation for each space. This mode requires an externally
derived model for the space ventilation rate as a function of site wind and temperature conditions.

|0

calculation of a ventilation network from a description of each opening in the system. This mode requires
a high level of detail to determine openings (e.g. windows, doors, cracks, etc.) but allows for the
responsive calculation of internal flows, rather than the simpler air change rates.

11. asmodel 1. but alowing for greater control capabilities..

12. asmodel 2. but alowing for greater control capabilities, and specification of airflowsin kg/s..

In the present release, the ventilation datais not entered in aflexible format. Thefileisread as pure numeric data,
each line must be as shown. At specific places within the file, marker characters are inserted so that if datais
miss-typed read, an error condition will occur. There are no default data assumed in these files, all values must be
explicitly stated.
The model option is chosen, numerically, by the first line of the file.

4.7.2 Scope and Defaults

4.7.2.1 Ventilation Model 1

In the case of model type 1, the required datais,
1) the space under consideration
2) 3levelsof ventilation, in air-changes per hour, ACR1, ACR2, ACR3.
3) aventilation thermostat setting, in degrees C.
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There are no defaults, a space which has no ventilation parameters defined for it will have no ventilation transfer.

This model may be considered as representing either a natural or amechanical ventilation system, according to the
meanings associated with the terminology.

The selection of which one of the 3 possible ventilation rates to be used at any time, is made either viathe diary or
by automatic temperature control. The three rates are:

ACR 1 (which may be considered infiltration) isused when ventilation system status is OFF,

ACR 2 (which may be considered as either anormal occupied ventilation rate, or a"low" mechanical rate) is used
when the ventilation statusis ON and space temperature is less than the vent 'stat set-point,

ACR 3 (which may be considered as either awindow open, or a high mechanical rate) is used when ventilation
statusin ON and space temperature is greater than the vent 'stat set-point.

Automatic selection may be overridden viamanual control through the diary, so asto programme any ventilation
pattern.

Note that there is no restriction on ACR2 being actually lower than ACR3. Thusin hot climates, the response to
high temperatures would be to close windows, and this could be accommodated.

4.7.2.2 Ventilation Model 2

In the case of model type 2, the required dataiis,

1) three matrices of space to space flow rates, specified in m¥s. Thisis defined in terms of the flow from a
"source space” to a"sink space". Thereisno default flow pattern. Any space to space link not explicitly set will
have nil flow. Note that the outside is always considered to be space O (zero).

For the model type 2 the choice of which flow pattern is occurring at any one time, is made through the diary.
Thereis no control model, reacting to the environment, available in this type.

4.7.2.3 Ventilation Model 3

The empirical model within type 3 relates a space ventilation rate (as exchange to the outside only) to afunction
of space and external air temperature, and site wind speed and direction (as taken from the Meteorological file).
The type 3 model is of limited use unless the empirical relation can be produced. Such arelation may be
determined for instance, by aregression analysis of actual, measured data.

The eguation hasthe form;

ACR (air changerate) = C,* (C*u+Cx* yCDt + C),

where C isamultiplier coefficient, which may be altered viathe diary.

u isthe site wind speed m/s.

C, isawind speed coefficient,

Dt is the inside-outside temperature difference °C,
G, is a temperature difference coefficient,

C is aconstant.

o

The coefficients C ,C, ,C, are specified for each of 8 wind direction sectors.

4.7.2.4 Ventilation Model 8

The network model within type 8 relates ventilation flow rates to the specification of opening parameters. These
parameters include details on open area, opening type, external pressure coefficients, and fan flow rates. Further
detail infound in chapter ?2?2.
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4.7.2.5 Ventilation Moddl 11

Thistypeis similar to type 1, but there are more control options. Type 1 unchanged is left for consistency, but as
this type is functionally identical, it is recommended that new cases use type 11. The main differenceis that, to
select between ACr2 and ACRS, the control signal can be any one of:

a) the current space air temperature (asin type 1), the default;

b) the air temperature of a nominated space (any space, including the outside, not just the one for which the
ventilation is being defined);

¢) the humidity of a nominated space;

d) the difference in temperature between any two spaces;

€) the difference in humidity between any two spaces;

f) the absolute value of the difference in temperature between any two spaces;

0) the absolute value of the difference in humidity between any two spaces.

4.7.2.6 Ventilation Model 12

Thistypeissimilar to that of type 2. It differsin two aspects:

1) the flow pattern can be altered by the state of the problem, as with athermostat. The control signal can

be any one of:

a) the current space air temperature (asin type 1), the default;

b) the air temperature of a nominated space (any space, including the outside, not just the one for
which the ventilation is being defined);

¢) the humidity of a nominated space;

d) the difference in temperature between any two spaces;

€) the difference in humidity between any two spaces;

f) the absolute value of the difference in temperature between any two spaces;

0) the absolute value of the difference in humidity between any two spaces;

h) a surface temperature.

2) flowsin the network are specified in mass flow rates, rather than volumetric rates; kg/s.

Similar to that of types 1 and 11, the selection of which one of the 3 possible ventilation patterns to be used at any
time, is made either viathe diary or by automatic control. The three patterns are:

PAT 1 (which may be considered infiltration) is used when ventilation system statusis OFF,

PAT 2 (which may be considered as either a normal occupied ventilation rate, or a"low" mechanical rate) is used
when the ventilation statusis ON and control signal islessthan the 'stat set-point,

PAT 3 (which may be considered as either awindow open, or a high mechanical rate) is used when ventilation
statusin ON and control signal is greater than the vent 'stat set-point.

Automatic selection may be overridden viamanual control through the diary, so asto programme any ventilation
pattern.

Note that there is no restriction on PAT2 being actually lower than PAT3. Thusin hot climates, the response to
high temperatures would be to close windows, and this could be accommodated.

4.7.3 The Bungalow File

The data available for the bungalow simulation requires the use of the simple air change rate model, with constant
infiltration in the living and loft spaces.

According to the requirements of the ventilation option chosen, the format of the data file may vary considerably,
refer to appendix B.
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a 1 * sinple acr ventilation

b Kok ok ok ok ok ok ok K

c 1 * main space 1

d 1.24 , 0.0 , 0.0 * just use infiltration rate

e 20.0 * vent stat setting not used but needed

f -

9 2 * |oft space 2

h 1.0 , 0.0 , 0.0

! 20.0

] J—

k 0

I

m * ventilation description for bre bungal ow, constant infiltration
note
a choose vent option 1 (simple air change rate)

b position flag (separate option choice from data)

c-f  definethe ventilation data for space 1

c selects space 1 to define

d sets the infiltration rate (ACR1) to 1.24 vol./hr, ignores others

e the vent ‘stat will not be used but adatarecord is needed anyway. In thiscase any humericis suitable.
f position flag (separate space definitions)

k the end of file (and of the definitions) is marked with O (zero)

m comments may appear at the end of aline, or at the end of thefile, but not interspersed with the dataasin
the other formats..
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CHAPTERS

DESCRIPTION OF SIMPLE DATA SET: DIARY
5.1STRUCTURE

The diary facility of HTB2 is designed to provide aflexible and powerful method of scheduling events within a
simulation run. It allows many datavalues and run parametersto be altered within arun at any timestep.

The“diary list” isasecond level file which contains the sequence of individual diary pagesto be used on
consecutive days of the simulation run.

“Diary pages’ are third level files, each containing the sequence of events (listed chronologicaly) that are to be
activated within one simulated day. Any number of events may be assigned in any one day.

Every day within arun must have adiary page assigned to it, although any one page may be assigned to more than
oneday. A pageischanged tothe next at midnight.

Thereisno "reset" function in the diary mechanism. All statesremain until explicitly altered. That is, aservice
switched to "manual off" will remain off, overriding any preset timeclock information, until explicitly set to either
"manual on", of "automatic". Theremay benull diary pages, i.e. fileswhich contain no commands, in which case
all services will carry on as they were last set.

Note that HTB2 may overrun the expected run length by one timestep, so that one extra diary page must always be
specified even though it will never actually be executed.

5.2DIARYLISTFILE
5.2.1 Overview

Thisfile contains the names of files which will act asthe “diary pages’ for the daily scheduling commands. There
must be afilename for each day of the simulation run (plus, it is recommended, one dummy name to allow for
possible overrun). Thelist will be read sequentially. Filename conventions of the particular operating system in
use must be met.

Comment line starting with the character “*” are allowed in thisfile.
5.2.2 The Bungalow File

The bungalow isto be run for 9 days (including 3 day run up) as set in the top-level file. Therefore the file must
contain atotal 10 entries, one page for each simulated day plus one for a possible overrun. A standard daily
operating schedule was chosen for the simulation.

It was decided that only the final two days of the simulation were desired for output.

* DI ARY pages for bre bungal ow full systens,
* 9 days total, run up for 3 days

* run up period, just heating, no output
BREDAYO. DRY

BREDAYO. DRY

BREDAYO0. DRY

* standard day pattern
BREDAY. DRY

BREDAY. DRY

BREDAY. DRY

BREDAY. DRY

* switch on out put

BREDAY1. DRY

BREDAY. DRY

ODB_W'_'_'S(Q_"‘CD o0 Tw



p * extra for possible overrun
q DRYNUL. DRY

notes

e-g 3identica pageswhich cover the simulation warm-up period, all systems are left running on automatic
settings.

i-1 4 identical pages which define the standard day operation schedule, simulating a full occupant intervention.
n apage similar to that used above but which also switches on the output procedure.
o] the final day isagain back to the standard operating schedule.

a adummy page to allow for overrun at end of run.



5.3DIARY PAGES

5.3.1 Overview
These files contain the time dependant scheduling commands to alter either data values or model parameters. The
commands within each file must refer to one “day” of the simulation (from 00:00 to 23:59:59) and must be
presented in chronological order.
Each diary entry takes the form:
hh:mm:ss COMMAND (= parameters) (*optional comment).
The given command will be executed at the given time (within a calculation timestep). That is, scheduling
information is not restricted to hour boundaries. The diary commands override information defined in the input
files (e.g. automatic on/off settings for heating periods). If automatic control islater desired, as defined in the
input files, it must be explicitly reset with adiary command. The commands must be entered in time order.
A completelist of all commands that can be changed in the diary is given in the appropriate section of Appendix B.
Comment lines may appear in these files.

5.3.2 The Bungalow Files

5.3.2.1 Diary for ‘warmup’ day : BREDAY 0.DRY

* on run up days initialise systems and just let cycle on auto
00: 00: 00 ! SET HEATER STATUS #1 = AUTO

00: 00: 00 ! SET LI GHTI NG STATUS #1 = AUTO

00: 00: 00 ! SET SPONER STATUS #1 = AUTO

00: 00: 00 ! SET SPOWNER STATUS #2 = AUTO

00: 00: 00 ! SET SPOWNER STATUS #3 = AUTO

00: 00: 00 ! SET OCCUPANCY STATUS #1 = AUTO

* reuse first met day during run-up
23:59: 00 ! SET MET REW ND

i (o BE N O BN o RN S BN ol V)

Theinitial instructions (b-g) set all automatic systems onto a known condition (this should be done at the start of
every run. Once set these will continue on automatic for a days of the simulation, unless explicitly set "off". The
last instruction in the file rewinds the met tape at the end of the day and therefore allows the selected met day to
be rerun. Thismay be useful for preconditioning the thermal state of the building. Note that although the met day
is repeated, the date and day of the week will be incremented as usual.

Since no parameters are overridden, all systems operate according to the information defined in the input files.

5.3.2.2Diary for ‘standard’ day: BREDAY.DRY

a * ‘standard’ day for bre bungal ow
b * all on automatic

Due to the automatic time clocks defined in the services, no intervention is required by the diary for normal
operation of the simulation. Thus the file shown here has no command actions. The empty file DRYNUL.DRY
coul dhave been specified to the same effect., but a file must be specified for each day, even if it is empty.

5.3.2.3 Diary for ‘standard’ day with block output: BREDAY 1.DRY

* 'standard' day for bre bungal ow
* all on automatic
* start output

00: 00: 00 ! ENABLE BLOCK QUTPUT
* re-program occupancy pattern

00: 00: 00 ! SET OCCUPANCY CLOCK STOP #1 @ = 05:00:00 | mtwf--
00: 00: 00 ! SET OCCUPANCY CLOCK START #1 @ = 05:00:00 | nmtwtf--
00: 00: 00 ! SET OCCUPANCY LEVEL #1 @ = 3 | mwf--

oQ "0 Q0T
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Thisfileisidentical to the standard day file preceding with exception that the following commands have been
added;

line d switches "on" the output module. Asthiswasnot set "on'"inthe Top level file (only provided with a
filename), no output will have been produced to this point. From this point HTB2 will process and store on
disc the simulation results.

Lines f-h alter the starting setup for the timeclock for Occupancy. These commands reset the first time period to
end at 5:00 AM for weekdays only (weekend schedules will be unaffected). Period 2 is now set to start at
05:00 AM and during that period, the activity level in the space number 1 will become level 3 (again for
weekdays only).

5.3.2.4 Diary for null day: DRYNUL.DRY

Thisfileisincluded simply to accommodate the possible overrun. Alternatively, it may be necessary where no
actions areto betakeninaday. The file contains no command lines.

5.3.2.5 Example Diary for Weekday, full diary control

As an example of the use of a Diary page the following commands represent atypical, but detailed, occupancy
pattern (this fileis not used in the example being discussed):-

* ‘standard’ day for bre bungal ow

* heating systemon automatic

* lighting and small power under manual control

00: 00: 00 ! SET OCCUPANCY USAGE #1 = 2

00: 00: 00 ! SET OCCUPANCY LEVEL #1 = 4.0 * 4 people @level 1 (50 W

00: 00: 00 ! SET SPONER STATUS #3 = ON * background source (fridge HW
00: 00: 00 ! SET LI GHTI NG STATUS #1 = MANUAL OFF

07:20: 00 ! SET OCCUPANCY LEVEL #1 = 5.0

07:24:00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0. 20
07:24:00 ! SET LIGHTI NG STATUS #1 = MANUAL ON
07:40: 00 ! SET OCCUPANCY LEVEL #1 = 4.0

07:42: 00 ! SET MANUAL LI GHTI NG OQUTPUT #1 = 0. 36

07:45:00 ! SET SPONER STATUS #2 = ON * cooker on

08: 00: 00 ! SET OCCUPANCY USAGE #1 = 3 * up to high 100W person rate
08: 00: 00 ! SET MANUAL LI GHTI NG OQUTPUT #1 = 0.72

08:20: 00 ! SET SPONER STATUS #2 = OFF * breakfast is ready!
08:24:00 !SET MANUAL LI GHTI NG OQUTPUT #1 = 0. 36

08:30: 00 ! SET OCCUPANCY LEVEL #1 = 1.0

08:42: 00 !SET LI GHTI NG STATUS #1 = MANUAL OFF

08:45: 00 ! SET OCCUPANCY LEVEL #1 = 0.0 * all gone !

17:20: 00 ! SET OCCUPANCY LEVEL #1 = 2.0 * honme from work

17:00: 00 !SET MANUAL LI GHTI NG QUTPUT #1 = O.
17:00: 00 !SET LI GHTI NG STATUS #1 = MANUAL ON
17:22:00 ! SET SPONER STATUS #1 = ON * TV goes straight on ...

17:24:00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0.68

17:42:00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0. 48

18:00: 00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0.64

18:00: 00 ! SET OCCUPANCY LEVEL #1 = 3.0

18:00: 00 ! SET SPONER STATUS #1 = OFF * TV of f again
18:18: 00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 1.00

18:30: 00 ! SET SPONER STATUS #2 = ON * supper in oven
19: 30: 00 ! SET SPOWER STATUS #2 = OFF * and ready
19:30: 00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0.84

20:12: 00 ! SET MANUAL LI GHTI NG QUTPUT #1 = 0.64

20:15: 00 !SET OCCUPANCY LEVEL #1 = 4.0
20:15:00 ! SET SPOVNER STATUS #1 = ON * TV back on after neal
20:45: 00 !SET OCCUPANCY LEVEL #1 = 2.0

20:48: 00 !SET MANUAL LI GHTI NG QUTPUT #1 = 0.48
21:00: 00 [!'SET MANUAL LI GHTI NG QUTPUT #1 = 0.70
21:24:00 !SET MANUAL LI GHTI NG QUTPUT #1 = 0.48

22:30: 00 !SET OCCUPANCY LEVEL #1 = 3.0
22:30:00 ! SET SPOAER STATUS #1 = OFF * dad back from pub, tv goes off

22:42:00 !SET MANUAL LI GHTING QUTPUT #1 = 1.00

22:45:00 ! SET OCCUPANCY LEVEL #1 = 4.0

23:00: 00 ! SET OCCUPANCY USACE #1 = 2 * shift into lowrate for night
23:00: 00 !SET LI GHTI NG STATUS #1 = MANUAL OFF

23:25:00 ! SET OCCUPANCY USAGE #1 = 3

23:50: 00 ! SET OCCUPANCY USACE #1 = 2



CHAPTER 6

METEOROLOGICAL DATA FILE

6.1 STRUCTURE
The meteorological file consists of records of dataread sequentialy at theinterval selected on the top level file.

Each record contains 11 fields which give the data values for the meteorological conditionsto be applied during the
subsequent interval. The valuesread are assumed to represent mean values over the met. interval.

Thefileisasequential formatted ASCII filewhichisread in freeformat. The eleven fieldsin each record are as
follows:

interval - adummy integer value for user identification only,

external dry bulb temperature, °C,

external dewpoint, °C,

deep ground temperature, °C,

external humidity, %,

windspeed, m/s

wind direction, degrees clockwise from north,

total horizontal solar irradiation, W/m?

diffuse horizontal solar irradiation - W/m?

direct normal solar irradiation - W/m?

cloud cover, total sky cloud cover asafraction (1= total cover, O = clear sky).

Each field should be separated by acomma; ",".

Theformat of the met. file isintended to be flexible to accommodate different availability of meteorological data.
Not all items of datawill be necessary in all cases. Some combinations of fields are redundant, i.e. external humidity
and dewpoint; both may be supplied in thefile, in which case those values will be taken without further check (i.e.
the supplied values of humidity and dewpoint may be inconsistent). Optionally either may be supplied, in which case
the other will be calculated internally. If no valueis supplied, avalue supplied inthe TOP-level file, or inaDIARY
filewill be used. Those combinationswhere this applies arelisted below.

A field may be skipped in the data line through the use of commas, i.e.* a,, c* skipsthefield‘b’. Thelast field
(cloud cover) may be skipped by placing asingle“/” character init'splace. Ordinary spaces should be used, tabs
between field may cause problems.

There can be no commentswithin the datefile.

The met. file may be ‘rewound’ to the start at any time viathe diary. It ispossible to position the start point of a
simulation to apoint within amet. file using the!'SET START MET command in the Top-level file. Thusan annual
met. file may be used for short periods without the need for multiple copies or extracts.

Note that thereisno time, date or site specifications contained in thisfile. The starting date and sitelocation (as
used in the determination of the solar geometry) must be specified at the top-level.

The starting time of asimulation is always considered to be midnight.
6.1.1 Scope and Missing Data Behaviour .
In the current release, the following data must be supplied;
1) external dry bulb temperature, degree C,
2) total (or global) horizontal solar irradiance W/m?, and

3) one of diffuse horizontal or direct normal solar irradiance, W/m?

All other datamay or may not be supplied, if supplied they are taken and used without further check.
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Thefollowing actions will be used to handle missing data;
1) Dewpoint - if external humidity has been specified, then dewpoint is cal culated from that.
Otherwise the default value as set in either the Top-level or Diary fileswill be applied.
2) Deep Ground Temperature - if calculations have been enabled in the Top-leve file, then aground
temperature will be determined from aweighted time-history of external air temperature. Otherwise
the default value as set in either the Top-level or Diary fileswill be applied.
3) Humidity - if external dewpoint has been specified, then humidity is calculated from that.
Otherwise the default value as set in either the Top-level or Diary fileswill be applied.
4) Windspeed - the default value as set in either the Top-level or Diary fileswill be applied.
5) Wind Direction - the default value as set in either the Top-level or Diary fileswill be applied.
6) Diffuse Horizontal Solar Irradiance - calculated from Total and Direct Normal Irradiance.
7) Direct Normal Solar Irradiance - calculated from Total and Diffuse Horizontal Irradiance.
8) Cloud Cover - the default value as set in either the Top-level or Diary fileswill be applied.

6.1.2 TheBungalow File

Datawas chosen from awinters period for thistest. Only thefirst 2 days of thefile are shown here.

1 0.70 ,, 0.70 50.0 0.0 O 0.0 0.0 ,, 0. 00
2 0.90 ,, 0.90 50.0 0.0 O 0.0 0.0 ,, 0. 00
3 -0.40 ,, -0.40 50.0 0.0 O 0.0 0.0 ,, 0. 00
4 -1.40 ,, -1.40 50.0 0.0 O 0.0 0.0 ,, 0. 00
5 0.80 ,, 0. 80 50.0 1.5 230. 0.0 0.0 ,, 0. 40
6 -0.30,, -0.30 50.0 0.0 O 0.0 0.0 ,, 0. 00
7 1.10 ,, 1.10 50.0 0.0 O 0.0 0.0 ,, 0.90
8 1.50 ,, 1.50 50.0 1.5 200. 0.0 0.0 ,, 0.70
9 1.70 ,, 1.70 50.0 0.0 O 0.0 0.0 ,, 0.50
10 2.10 ,, 2.10 50.0 0.5 110 22.5 16.3 ,, 0.70
11 4.20 ,, 4.20 50.0 2.1 240. 111.5 62.1 ,, 0.50
12 7.20 ,, 7.20 50.0 4.1 230. 183.3 87.4 ,, 0. 40
13 7.40 ,, 7.40 50.0 2.1 190. 206.5 96.7 ,, 0. 40
14 7.60 ,, 7.60 50.0 3.1 210. 132.6 83.3 ,, 0.70
15 8.50 ,, 8.50 50.0 5.7 230. 51.8 41.1 ,, 0.90
16 8.60 ,, 8. 60 50.0 6.2 220 16.5 13.7 ,, 0.90
17 7.50 ,, 7.50 50.0 4.6 200. 0.0 0.0 ,, 0.90
18 7.10 ,, 7.10 50.0 4.6 190. 0.0 0.0 ,, 0.90
19 6.80 ,, 6.80 50.0 3.6 200. 0.0 0.0 ,, 0.90
20 6.70 ,, 6.70 50.0 3.1 200. 0.0 0.0 ,, 0.90
21 6.60 ,, 6. 60 50.0 3.6 200. 0.0 0.0 ,, 0.90
22 6.20 ,, 6. 20 50.0 3.1 210. 0.0 0.0 ,, 0.90
23 4.90 ,, 4.90 50.0 3.6 200. 0.0 0.0 ,, 0.10
24 4.40 ,, 4.40 50.0 3.6 190. 0.0 0.0 ,, 0.50
25 4.90 ,, 4.90 50.0 4.1 190. 0.0 0.0 ,, 0.10
26 4.30 ,, 4.30 50.0 3.6 190. 0.0 0.0 ,, 0.10
27 4.30 ,, 4.30 50.0 3.1 200. 0.0 0.0 ,, 0. 00
28 4.80 ,, 4.80 50.0 4.1 200. 0.0 0.0 ,, 0. 00
29 5.60 ,, 5.60 50.0 4.6 210. 0.0 0.0 ,, 0. 00
30 4.10 ,, 4.10 50.0 2.6 230. 0.0 0.0 ,, 0. 00
31 3.70 ,, 3.70 50.0 3.1 200. 0.0 0.0 ,, 0.10
32 3.90 ,, 3.90 50.0 3.1 190. 0.0 0.0 ,, 0.90
33 4.20 ,, 4.20 50.0 3.6 190. 0.0 0.0 ,, 0.10
34 3.90 ,, 3.90 50.0 3.6 200. 32.1 19.6 ,, 0. 40
35 6.30 ,, 6.30 50.0 3.6 180. 48.8 38.9 ,, 0.90
36 7.80 ,, 7.80 50.0 3.1 180. 74.2 58.1 ,, 0.90
37 9.60 ,, 9. 60 50.0 6.2 220. 208.0 97.3 ,, 0. 40
38 9.40 ,, 9.40 50.0 6.7 220. 205.9 73.2 ,, 0.20
39 9.10 ,, 9.10 50.0 6.2 230. 52.6 41.8 ,, 0.90
40 8.70 ,, 8.70 50.0 4.6 210. 30.3 21.5 ,, 0.70
41 8.50 ,, 8.50 50.0 4.6 210. 0.0 0.0 ,, 0.70
42 8.70 ,, 8.70 50.0 5.1 220. 0.0 0.0 ,, 0.90
43 8.90 ,, 8. 90 50.0 5.1 220. 0.0 0.0 ,, 0.90
44 8.70 ,, 8.70 50.0 4.6 210. 0.0 0.0 0.70
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CHAPTER 7

RUNNING THE MODEL

Thebasic, portable, version of HTB2 may be run either in batch or at an interactive terminal (although in the latter
mode thereisno input control, interactive display, and no terminal output of primary interest after theinput error

checking).

The Windows version of HTB2 provides a screen and graphical display of the simulation status, aswell as providing

interactive control of the running of the program. This software will be discussed in chapter 10.

The actual mechanism of operation will depend on the operating system HTB2 isused under.

The key action, however, isto connect the required Top-level fileto HTB2. The Top-leve file then takes full

control of therun.

TOPLEVEL
BUILDING SERVICES DIARY METEOR-
| OLOGICAL
DIARY PAGES

MATERIALS LAYOUT

CONSTRUCTION

HEATING LIGHTING VENTILATION
OCCUPANCY  SMALL POWER

71TOPLEVEL FILE

7.1.10VERVIEW

Theinformation which controlsthe overall execution of the simulation runiscontained inthe ‘top level’ file. Itis
the Top-level filethat configuresthe programme, sel ecting cal culation options, set the input and output parameters,

and provides pointersto the other datafiles required for the simulation.
7.1.2 Scope and Defaults

The Top-level file defines:
- the name/identity of therun
e.g. "Test Run for New Windows"
- the facilitiesymodul es/algorithms of the model to be used in the simulation
e.g. use calculated rather than fixed heat transfer coefficients
- run specific parameters
e.g. starting day of week, date, or numbers of daysto simulate

- the output datarequired, the frequency of reporting and the selection of the output file names
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e.g. select to record optional element data, every 5 minutes
- the names of the * second level’ files which contain information on the building, services, external
climate and adiary of events/changes to be made during the course of the run.

The Top-level file may be used to alter several default values used throughout the model, e.g. ground reflectance
coefficient (standard default of 0.2 applied to each element which does not have a ground reflectance specified for it,
could be altered to 0.45 (say)).

Thisfileisinaflexibleformat i.e. commands may appear in any order and blank lines and comments (preceded with
a‘'*’) may appear throughout thefile.

7.1.3 TheBungalow File

Thisisafairly typical example of aTop-level file, allowing for al standard algorithms and data.

* Top top evel file for bre bungal ow
I'RUNI D BRE bungal ow test 1, v2.0 standard

* configure nodel..
I ENABLE STANDARD SETUP

* calc ground tenp
I ENABLE GROUND TEMP CALCS
I SET GROUND FACTOR = 0. 001

* set up run paraneters

I' SET TI MESTEP = 90.0

I SET RUNLENGTH = 010, 00

* al l ow 1st 3 days for runup

* chose output files and data
' QUTPUT | NFO = ‘ BREBa. | NF’
I QUTPUT BLOCK FI LE = ‘ BREBa. BLK'

* connect to further files

I' DEFI NE BUI LDI NG FI LE = ‘ BREBUNGL. BLD
I DEFI NE SERVI CES FI LE = ‘ BREBUNGL. SRV’
I DEFI NE DI ARY FI LE = ‘ BREBUNGL. DYL’

I DEFI NE METEOR FI LE = * JANTEST. MET’

“<><§<C""(n".Q'OODB_W‘_'_'I(Q_"‘CDQ.OCTQJ

notes
a commentswithin adatafile are preceded by a“*”.
b setsthe run identification string to “BRE bungalow test 1”. Thisactsasaheader to all output datafiles.

e select the desired cal culation modules for the run. This particular spec. would be usual for normal simulation
requirements.

g-i  selecttheground temperature to be calculated from the air temperature, rather than astaken from the
meteorological file, with atime constant of 0.001 meteorological intervals (in this case hours).

| setsthe calculation timestep of 90 sec. Timestepswill typically be 30-120 seconds. The timestep must be
chosen to reflect the stability requirements of fabric transport calculations. A very long timestep would reduce
calculation time, but would cause calculation errors (calculationswill not normally proceed if the timestep choseniis
toolong). A very short timestep will increase the calculation time required by the model. Seethe Technical
Reference Manual for more detail.

m setsatotal run length of 10 days 0 hours. Therun length will normally include an allowance for the
“warming-up” or run-up of the simulation fromitsarbitrary initial conditions. The choice of the extent of thisrun-up
isamatter of experience, generally from afew daysto afew weeks, depending on the thermal mass of the building
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simulated.

a nominates the filename for the "information output file" for the run. Filenames used will be subject to the
naming conventions of the specific operating system for the computer installation.

r nominatesthe filename for the fixed interval report output routine. Notethat the output routineitself has not
yet been enabled. Thus, without further intervention, no output would be produced by thisrun. In this run the output
routine will be " switched-on”, viaaDIARY command, at the start of the 4th day of the simulation, thus skipping
unwanted data from the run-up period. The default interval, hourly, will be used.

v-y  nominatethe 2nd level filesto describe the building, services, conditions and schedules






CHAPTER 8

OUTPUT DATA FILES

HTB2 has provision for six types of output data. Two are always produced as standard, and simply record and note
the progress of arun. Thefinal four are optional, and record, in different formats designed to meet different data
requirements, run results. Each of these latter typesis selected as an option in the top level file and the specific data
in each type can also be specified.

The output types are as follows:

LOG - typically the screen output created during the run, this output type warns of errors during the input and run
stages, and marksthe progress of arun.

INFO - containsrun information, such asfilenames, space volumes, element types. It iscreated immediately after
theinput stage, and is useful in checking input integrity. For instance astandard U-valueis calculated
for each construction type, which can then be compared against expectations. Thisfileisalso useful
in documenting runs, asit containsalog of all files and key data used within arun. Postprocessor
programs may usethisfileto aid interpretation of datain the other output files.

REPORT - records interval averages of key data resulting from the simulation. The default condition storesthe
basic information required to construct an energy balance for each space of the building. The default
interval ishourly, although this can be altered to any interval from onetimestep to one day.

PROFILE - recordsinstantaneous temperature and heat flux profiles (dlices) through sel ected building elements
at selected intervals, or astriggered snapshots.

LOGGER - recordsinstantaneous data asynchronously, when the value of (user) selected variables change by
more than a specified amount. This allowsthe time-history of avariable to be recorded, to aresolution
of onetimestep, without generating enormousfile sizes.

SAVE STATE - records the fabric temperature conditions each midnight. Thisfileisnot meant to be an "output" as
such, but rather to be ameans of restarting a simulation from aknown point, with the ' DEFINE
RESTART command of the Top-level file.

The overall aimisto allow the user to tailor his data output on each run to meet the specific requirements of that run,
storing no more datathan is necessary. Thisis exemplified best by the LOGGER option which produces very little
datawhen changes are slow but records data as frequently as required to record the progress of changesthat are

happening quickly.
8.1LOGFILE

The Log Filerecordsinformation and warning and error messages, generally during the input phase of asimulation.

Thislog file was generated by the Brebungl run, captured from the screen display, of the DOS version of HTB2.
The Windows version producesthe sameinformation, but in adifferent form; theinformation, warning and error
messages as below appear in the Log window, whilst the modul e identification names appear in a separate window.

HTB2/ BG v2.00 nov-95

Copyright (c) 1995 Wel sh School of Architecture, UACC
St orage System Copyright (c¢) 1995 British Gas

WHTSI Z V2.0 oct-92

The followi ng data nmaxi nuns apply:
25 nodel | ed, and 3 unnodel | ed spaces .
25 construction types, using 100 parts total.
10 wi ndow types, and 25 shadi ng masks.
200 el enents, with 3000 fabric nodes.
25 heating systens with 125 connections , maxi nrumdelay 60 tinesteps .
25 lighting circuits with 125 connecti ons.
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bw
bx

bz
ca
cb
cc
cd
ce
cf

cg
ch
Ci

25 misc sources with 125 connecti ons.

3 occupancy usage |eve

|s.

OPNTOPpc V2.0 oct-92
MSGFIL V1.0 oct-92
info: OPNTOP: Opening
VALDLN V2.2 nov-95
INPUTB bg V2.1 nar-94
I NPUTA V2.2 mar-95
GET1IR V2.1 nmar-94
SCLEAN V2.1 nmar-94
STRIM V2.1 mar-94
GET2l V2.1 mar-94
DEFBLD V2.6 | an-96
OPNTXTf V2.0 oct-92
info: OPNTXT: Opening
GET2R V2.1 mar-94
RDLAY V2.4 nov-95
info: OPNTXT: Opening
GET1l V2.1 mar-94
RDCON V2.4 jan-96
info: OPNTXT: Opening
GETMP3 V2.1 mar-94
GETMP4 V2.1 mar-94
OPUMATp V2.0 oct-92
info: OPUMAT: Opening
OPNMATp V2.0 oct-92
info: OPNMVAT: Opening
DEFSRV V2.0 oct-92
info: OPNTXT: Opening
RDHTR bgl. 12 apr-94
info: OPNTXT: Opening
GET3R V2.1 mar-94
RDLGT V2.1 mar-94
info: OPNTXT: Opening
RDSPW V2.0 oct-92
info: OPNTXT: Opening
RDOCC V2.1 nmar-94
info: OPNTXT: Opening
RDVENT x02 oct-92
info: OPNTXT: Opening
RDVNT1 x02 oct-92
OPNMETp V2.0 oct-92
info: OPNVET: Opening
OPNDYLp V2.0 oct-92
info: OPNDYL: Opening
MSGGEN V1.1 nov-95

i nfo: I NPUT: checkin
DRYCHK V1.1 nov-95
OPNDRYp V2.0 oct-92

Fil e Naned:

Fil e Naned:

Fil e Nanmed:

Fil e Naned:

Fil e Naned:
Fil e Naned:
Fil e Naned:

Fil e Naned:

Fil e Naned:
Fil e Naned:
Fil e Naned:

Fil e Naned:

Fil e Naned:
Fil e Naned:

g Diary Pages

br ebungl . t op

BREBUNGL. BLD

BREBUNGL. LAY

BREBUNGL. CON

BREMATS. LBY
STDMAT. LBY
BREBUNGL. SRV

BREBUNGL. HTR

BREBUNGL. LGT

BREBUNGL. SPW
BREBUNGL.

BREBUNGL. VNT

JANTEST. MET

BREBUNGL. DYL

info: OPNDRY: Opening File Naned: BREDAYO. DRY
DRYNXT V2.1 mar-94

DRYIN V2.0 oct-92

DI ARY bg2.4 nov- 95

info: OPNDRY: Opening File Naned: BREDAY.DRY
info: OPNDRY: Opening File Naned: BREDAY1.DRY
info: OPNDRY: Opening File Naned: DRYNUL.DRY
info: OPNDRY: Opening File Naned: BREDAYO.DRY
i nfo: I NPUT: opening output files

OPBLK1p V2.0 oct-92
info: OPBLKLl: Opening

Fil e Naned:

BREBa. BLK

The following data tot
2 nodel | ed spaces,
6 construction type
1 wi ndow types, and
14 elements, with
1 heating systems w
1 lighting circuits
3 misc sources with

al s have been read:
and
S, using

0 shadi ng nasks.
129 fabric nodes.
th 1 connections
with

3 connections.

i nfo: I NPUT: start
INIT V2.1 nov-95
DSTAMPS V2.0 nar-94
I NFO V2.1 nar-94

ing cal culations

2 radi ant zones.
14 parts total.

, maxi mum del ay

1 connecti ons.

0 timesteps .



notes:

p-q

OPNI NF
i nfo:
RH2WC
T2SVP
VP2WC
CLOCK
NEVDAY
TEMPSP
TEMPRD
MRTCLC
METBAS
RH2VP
RH2DP
EXTRHT
LNGWAV
SOLAR
SKYVW
TRFENCT
FABRI C
HTCE
HTCF
CAVTRN
VENTL
VENT1
CASUAL
OCCUPD
LI GHTS
SPOVER
HTSERV
MSTAT
HTSYS
TSTAT
UPDATE
MSGDAY
i nfo:
nf o:
nf o:
nf o:
nf o:
nf o:
nf o:
nf o:
nf o:
nf o:
war n:

i nfo:
i nfo:
i nfo:
i nfo:
REPORT
i nfo:
i nfo:
i nfo:
i nfo:

V2.0 oct-92
OPNI NF:  Opening File Named: BREBa. | NF

BREDAYO. DRY
BREDAYO. DRY
BREDAY. DRY
BREDAY. DRY

BREDAY. DRY
is out of allowable range at:

BREDAY. DRY

BREDAY1. DRY

BREDAY. DRY

V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.2 jan-96
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.2 jan-96
V2.0 oct-92
V2.0 oct-92
V2.3 nov-95
V2.0 oct-92
V2.1 feb-95
V2.1 nov-92
V2.0 oct-92
V2.0 oct-92
V2.0 oct-92
V2.2 nov-95
V2.1 nar-94
V2.1 nar-94

bgl. 12 apr-94
V2.1 nar-94
V2.2 apr-94
V2.1 nar-94
V2.0 oct-92

V1.0 nov-92
NEWDAY: on date 2/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 3/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 4/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 5/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 6/ 1/1992
OPNDRY: Opening File Naned:
METBAS: Direct Sol ar val ue

. hour 10
: continuing with default

NEWDAY: on date 7/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 8/ 1/1992
OPNDRY: Opening File Naned:

v2.2bg apr-94
NEWDAY: on date 9/ 1/1992
OPNDRY: Opening File Naned:
NEWDAY: on date 10/ 1/1992
OPNDRY: Opening File Naned:

TIDYUP V2.1 nar-94
ENDREP bg2.3 nov 95

DRYNUL. DRY

As each routine or moduleisused for thefirst time, it declaresitself for identification.

These numbersreflect the array sizes defined at compiletime.

An information message from the routine OPNTOP, declaring which fileit isattempting to use.

ac-aq Warning messagesfromtheroutineRDLAY , complaining that important informationismissing from the
Layout file. For these cases, default values were used, hence these are only warnings, and the run continues. Should
vital information be missing, i.e. an element area, the message would be an error, and the run would not continue.
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ci-cr  After all input files have been processed, the datatotals are summarised here. If there areinexplicable
simulation problems, check these total s against those of d-n, they should always be less.

ef Theroutine NEWDAY isdisplaying the run progress asthe current date of the simulation.

eu  TheroutineMETBAS iscomplaining that thevaluefor direct normal solar irradiance at 10:00 isabnormal.
Inthiscase, direct normal irradiance was not supplied, so that the value was cal culated from the supplied total and
diffuse horizontal values. Thereistherefore aninconsistency inthosevalues. Usually thiswarning is not severe, and
the calculations proceed as normal .

fb-fd The output procedures have started, enabled at this point through the diary.

fk Routine TIDY UPisthelast normal routineto run. If thereissimulation problem during arun, such as
insufficient met. data, or anumerical problem, the routine CRASHR is used to stop the programme.



8.2INFO FILE

ThelInfo File contains run information, such as filenames, space volumes, element types. Itiscreated immediately
after theinput stage, and isuseful in checking input integrity. For instance astandard U-valueis calculated for each
construction type, which can then be compared against expectations. Thisfileisalso useful in documenting runs, as

it containsalog of all filesand key data used within arun. Postprocessor programs may usethisfileto aid
interpretation of datain the other output files.

Thisinfo file was generated by the Brebungl run, as BREBL.INF.

a
b RUN: BRE bungal ow test 1, v2.0 standard

c PROJI D: BRE type bungal ow

d SERVID: full systens

e TOPFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. TOP

f BLDFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. BLD

g MATFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ STDVAT. LBY

h AMTFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREMATS. LBY

i CONFI L: E:\HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. CON

j LAYFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. LAY

k SRVFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. SRV

| HTRFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. HTR

m COCFI L: _

n VNTFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. VNT

o LGTFI L: E: \ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. LGT

p SPWFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. SPW

q OCCFI L: E:\HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. OCC

r METFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ JANTEST. MET

S DY1FI L: E:\HTB2R2\ 112\ TEST\ BREB\ BREBUNGL. DYL

t ZP1FI L: _

u ZP2FIL: _

\" BLKFI L: E:\ HTB2R2\ 112\ TEST\ BREB\ BREBA. BLK

w LGRFIL: _

X PROFI L: _

y LCLCW= F LCLCMI= T LCLCSR= T LCLCFB=

z LCLCIN= T LOCCUO= T LLGHTO= T LSPONO>= T LDRYWR= T
aa LCLCRD= 1 VNTOPT= 1

ab DT= 90. 00

ac NSP= 2 NRZN= 2 NSPU= 3 NELE= 14
ad NVSC= 3 NLCT= 1

ae

af

ag Constructions :

ah code resi stance Standard “U

ai n2-C/' W WnR2-C

aj

ak -1 (virtual element - transfer value as set
al 1 0. 5359 1.3969

am 2 0. 0057 5. 3846

an 3 1.4870 0. 5999

ao 4 2.5625 0. 3646

ap 5 0.0119 5.2109

aq 6 0.2924 2.1167

ar

as

at El enent and surface data:

au ELEMENT AREA CON “u “UA” SPACE SPACE
av CODE 114 CODE W n2C wWcC FI RST LAST
aw 1 16. 30 1 1. 397 22.77 0 1
ax 2 6. 60 2 5.385 35.54 0 1
ay 3 15. 90 1 1. 397 22.21 0 1
az 4 14. 00 1 1. 397 19. 56 0 1
ba 5 9. 00 2 5.385 48. 46 0 1
bb 6 14. 90 1 1. 397 20.81 0 1
bc 7 1.00 2 5.385 5.38 0 1
bd 8 66. 00 3 0.600 39.59 1 0
be 9 66. 00 4 0.365 24. 07 2 1
bf 10 28. 00 5 5.211 145. 91 0 2
bg 11 15. 00 5 5.211 78.16 0 2
bh 12 28. 00 5 5.211 145. 91 0 2
bi 13 15. 00 5 5.211 78.16 0 2
bj 14 23.00 6 2.117 48. 68 1 1
bk

DOS486 HTB2/ BG v2. 00

22/02/96 09:41:54

T LCLCVT= T LCLCHT= T LCLCCL= F

o
o1

NHTR=

ZONE
FI RST

POOOONRPRPROOOOOOO

intop or diary)

ZONE
LAST

1

RFRNNNNRORRRERRRER

GLASS

TYPE
_NA_
6MVFLOAT
_NA_

_NA_
6MVFLOAT

=

6MVFLOAT



b

bm Spaces data

bn SPACE VOLUME I'N ZONE:

bo

bp -3 n/ a -3

bq -2 n/ a -2

br -1 n/a -1

bs 1 148. 00 1

bt 2 70. 00 2

bu

bv

bw Zones data

bx ZONE BOUNDED BY ELEMENT, SIDE (* - exterior)
by

bz -3

ca

cb -2

cc

cd -1

ce

cf 1 . 1*L, 2% L, 3*L, 4* L, 5*L, 6*L, 7*L, 8*F, 9 L, 14 F, 14 L
cg

ch 2 : 9F, 10*L, 11*L, 12*L, 13*L
c

Cj

ck

cl El ement Cl ass data

cm Cl ass El ement s: total area
cn

co 1 1 3 4 6 = 61. 10
cp

cq 2 2 5 7 = 16. 60

cr

cs 3 : 8 = 66. 00

ct

cu 4 : 9 = 66. 00

notes:

a asystem and time stamp for the run.

b-d theidentification strings defined in the Top-level, Building, and Servicesfiles.
ex thefull specification of all filesused in the run (apart from diary pages).
y-aa asummary of the configuration options selected for therun;
water, meteorological, solar, fabric, ventilation, heating, cooling, small power, occupancy, lighting,
diary, radiant exchange, and ventilation option, respectively. 'T ' indicated enabled, 'F' disabled.
ab  thecalculation timestep, in seconds.

ac-ad thedatatotalsfor; spaces, zones, unmodelled spaces, elements, heating systems, small power systems,
lighting circuits, respectively.

ag-aq An echo table of U-values calculated, by standard CIBSE method, for the construction types defined in the
Construction file. Thisisuseful for checking against input errors, i.e. misplaced decimal placesin layer widths.
Note however, that the U-value for aground floor slab isnot calculated correctly in this summary.

at-bj An echo table of key values describing the elements defined in the Layout file.

bm-bt An echo table of key values describing the spaces defined in the Building file.

bw-cd An echo table of key values describing the radiant exchange zones asimplied from the Building and Layout

files. Thisliststhe element surfaces making up each zone. The "first" surfaceisdenoted L, the"last” asR, for
arcanehistorical reasons.



8.3 REPORT FILE
8.3.1 OVERVIEW

Thereport file (or "block report") contains atime-series of interval averaged state values of results of the
simulation. By default, the fileiswritten in amachine specific binary format, and as such is not directly readable by
humans. Post processing programmes are required to read and format the information contained in thisfileinto an
intelligibleform. One such postprocessor isthe programme 'htable', supplied with thisrelease.

Report files are not automatically produced by each run of the model, the reporting module must be both primed with
atarget file name, and enabled for execution by the Top-level or Diary files.

Inthe current release, HTB2 will not over-write an existing report file, the programme will stop execution if anew
runisattempted with an old filename.

By default, the data stored in areport fileis a summary of conditions and energy balance on a space by space basis.
The default report interval is one hour; thismay be changed to between one timestep and one day.

Further information may be optionally written to thefile. Firstly, if element classes have been assigned in the Layout
file, records of the total heat fluxes through those classes are included in the Report file. Secondly, in the Top-level
file, further block of additional data may be selected to appear in thisfile. These are summaries of; meteorological
data, convectivetransport data, radiant transport data, element state data, heating system operation data, water
transport data, ventil ation data.

8.3 .2 FILE ScopPe AND FORMAT
The standard Report file isafixed record length, binary encoded file. Optionally, the output may be writtenin
ASCII text format, through thisisamost as opague to the eye as the binary format (the text format may be useful as
adebugging tool). Binary representation of datais unfortunately amachine dependant feature, as each machine has
small, but significant, differencesin the binary format. However asthe HTB2 output is generally only inred
numbers, it has been possibl e to provide translation routines between different machine formats. That isoutput files
generated on a DEC mainframe can be ported to a PC, for analysis.
The general fileformat isdetailed in the Technical Reference.

8.3.3 BReBUNGL REsuLT

The Report file resulting from the Brebungl run, BREB1.BLK, was passed through the htabl e postprocessor to
provide the following report of the 1st day's results for space 1. The htable postprocessor is described in section 3.

The Windows post processor HTB2VIEW produces datain amore flexible format, it is discussed in chapter 10.
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notes:

b-g
files.

dataheader :-
The data contained in the formatted table is asfollows;

echo of the datafilename, and the run identification strings defined in the Top-level, Building, and Services

pointer to theinformation filefor further information ontherun.

page header, including full date of start of the data printout.

Time of Report: (daysfromstart/hour:minute)

HTB2 records are averages (totals for energy) from the last report to the current time.

Air Temp: (°C)

atrueair temperature based on the energy content of the space air.

Mean Surf Temp: (°C)

an areaweighted mean temperature of all surfaces enclosing the space.

Mean Rad. Temp: (°C)

asthe mean surface temperature, but including atemperature term to account for the
presence of radiant gainsto the space.

Globe Temp: (°C)

asimpleweighted combination of air and radiant temperatures, akin to the globe
thermometer.

Humidity: (%)

therelative humidity level of the space (valid only if water transport calculationswere
enabledinthesimulation).

Heating Gain: (kWh)

thetotal output of all heating systemsto the space during this period.

Cooling Gain: (kwh)

total “output” of al cooling system to the spaces during this period. A cooling load would
appear as anegative number (i.e. a“10ss’).

Casual Gain: (kwh)

summation of all gainsfrom Occupancy, Lighting, and Small Power energy sources.

Solar Gain: (kWh)

thetotal physical solar entry through transparent openings.

Ventilation Gain: (kwWh)

total energy movement dueto infiltration and ventilation. Again, anegative number denotes
a“loss’ from the space.

Fabric Gain:

the convective part of the fabric transfer only, across“internal” surfaces of space.

Gain to Fabric:

the net energy transport acrossthe“internal” surfaces of space. Signingisdifferent from
preceding items, a positive number denotes again to the fabric (i.e. aloss from the
space).

Lossfrom Fabric:

Net energy transport across the “external” surfaces of space. Arguably, some of the energy
transfer acrossthe "internal" surfaces may be returned to the space at alater time. The
energy transfer acrossthe "externa" surfacesislost forever.

Thetotal energy balance of the spaceistherefore; (heating)+(cooling)+(casual )+(solar)+(ventilation)-(gain to

g-ao thedatafor thefirst day.

ag-ar theaverage (temperatures) and totals (energy) for the printout period.
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8.4 PROFILE FILE
8.4.1 OVERVIEW

The profilefile contains atime-series of interval spot state values of results of the simulation. By default, thefileis
written in amachine specific binary format, and as such is not directly readable by humans. Post processing
programmes are required to read and format the information contained in thisfileinto anintelligible form. Onesuch
postprocessor isthe programme 'ptable’, supplied with thisrelease.

Profilefiles are not automatically produced by each run of the model, the reporting module must be both primed with
atarget file name, and enabled for execution by the Top-level or Diary files.

Inthe current release, HTB2 will not over-write an existing profilefile, the programme will stop execution if anew
runisattempted with an old filename.

The datastored in aprofile fileis a snap-shot of temperature and energy conditions through specified elements. The
default report interval is one hour; this may be changed to between one timestep and one day.

8.4.2 FiLE ScopPe AND FORMAT

The standard Profilefileisafixed record length, binary encoded file. Optionally, the output may be writtenin
ASCII text format, through thisisamost as opague to the eye as the binary format (the text format may be useful as
adebugging tool). Binary representation of datais unfortunately amachine dependant feature, as each machine has
small, but significant, differencesin the binary format. However asthe HTB2 output isgenerally only inred
numbers, it has been possibl e to provide translation routines between different machine formats. That isoutput files
generated on a DEC mainframe can be ported to a PC, for analysis.

Datarecorded in thisfileinclude (for each element chosen);
surface temperatures and heat fluxes,
radiationincident at the surfaces,
heat absorption and transmission,
temperature and heat flux at the cal cul ation nodes through the element profiled.

The general fileformat isdetailed in the Technical Reference.
8.4.3 BREBUNGL RESULT
The Profile file resulting from the Brebungl run, BREB1.PRF, was passed through the ptable postprocessor to

provide the following report of the 1st hour's results for element 1. The ptable postprocessor is described in section
3.

Profile ForMatter on BREBL. PRF

page 0
Data created by : PRFOUT v1.9 jul-90
on : SUNos4 HTB2 v1.10 Fri May 15 09:33:37 1992
run identity . BRE bungal ow test 1

building identity : BRE type bungal ow
services identity : full systens
information file : BREBL.INF

El enent no. 1 at 8/ 1/1990 1: 0: O

><§<C""(n".Q'OODB_W'_'_'S(Q_"‘CDQ.OCTQJ

Net heat absorbed -14.22 WnR Sol ar power absorbed 0.00 Wne

Sol ar transm ssion, diffuse : 0.00 W , direct : 0.00 W
Surface data FI RST LAST

Surface Tenperature oC 10. 22 14. 37

Air Tenp oC 9.20 14. 48

Mean Rad Temp oC 0. 00 14. 17

Mean Surface Tenperature Seen oC 0. 00 14.10

Ef fective Tenperature Seen oC 9.51 14. 20

Radi ant Flux WnR -3.29 -0.84

Net Surface Flux WnR2 -13.76 0. 46

8-11



z Depth from FI RST Tenp Fl ux
aa ++++++++++++++++++++F| RST++++++++++++++++++++
ab 0. 0000 10. 22 -13.76
ac 0. 0105 10. 39
ad 0. 0210 -12.80
ae 0. 0315 10.71
af 0. 0420 -12.09
ag 0. 0525 11.01
ah 0. 0630 -11.29
ai 0. 0735 11. 29
aj 0. 0840 -10. 46
ak 0. 0945 11. 56
a
am 0. 1050 11. 68 -9.59
an 0. 1375 12.54
ao
ap 0.1700 13.40 -9.59
aq 0. 1805 13.56
ar 0.1910 -8.32
as 0. 2015 13. 84
0.2120 -6.86
0. 2225 14. 08
0. 2330 -5.10
0. 2435 14. 25
0. 2540 -3.01
0. 2645 14. 35
0. 2750 14. 37 -0.65
0.2790 14. 37
0. 2830 -0.10
0. 2870 14. 37
0. 2910 14. 37 0. 46

++t+++ttt bt LASTHH+ bbb+

notes:

c-g echo of the datafilename, and the run identification strings defined in the Top-level, Building, and Services
files.

h pointer to theinformation filefor further information ontherun.

k-bg dataprintout for oneinterval, repeated for as many intervals as requested.

k element number and time of interval.

mn  total heat absorbed in element, and if awindow, solar absorption and transmission data.

r-x  surfacedata, for both first and last surfaces. Thisparticular element isan external wall; the "mean radiant
temperature”" and "mean surface temperature” of the"outside" are not calculated, hence they are 0 in this printout.
Where applicable these two terms refer to the means of surfaces surrounding the element in question. The "effective
temperature seen” is cal culated as the equivalent mean surface temperature of a black-body enclosure containing the
element, which providesthe same radiant flux (including longwave sources) at the elements surface.

w-x  surface heat flows, in W/m? are signed positive when travelling from the "FIRST" to the "LAST" surfaces, i.e.
positive when flowing into the "first" surface, and when flowing out of the"LAST" surface. Inthiscase 12.4 W/m?
isleaving thefirst, external surface, and 1.3 W/m?isleaving theinternal surface.

z-bg snapshot of temperatures and heat fluxes through the element. Presented as atable of depths (in m.) from the
"FIRST" surface, temperatures (°C) and heat flux (W/m?). Note that the nodesfor temperature and fluxes are not
generally in the same positions. The solid lines (am) denote an interface between material layers. Theflux signingis
as described above.
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85LOGGERFILE
8.5.1 OVERVIEW

The profilefile contains spot state values of results of the simulation. These values are not recorded, however, at
fixed intervals but only when the value has changed by a certain preset tolerance. Thusthe complete time series may
be reconstructed to atime resolution of one calculation time-step, and a value resolution of the tolerance (by default
0.5°C and 10 Watt). Thisformat isintended to allow the recording of quickly changing parameters without undue
file storage requirements. By default, the fileiswritten in amachine specific binary format, and as such is not
directly readable by humans. Post processing programmes are required to read and format the information contained
inthisfileinto anintelligibleform. Onesuch postprocessor isthe programme 'ltable’, supplied with thisrelease.

Logger filesare not automatically produced by each run of the model, the reporting module must be both primed
with atarget file name, and enabled for execution by the Top-level or Diary files.

Inthe current release, HTB2 will not over-write an existing profilefile, the programme will stop execution if anew
runisattempted with an old filename.

8.5.2 FiLE Scopre AND FORMAT

The standard Logger fileisafixed record length, binary encoded file. Optionally, the output may be writtenin
ASCII text format, through thisisamost as opague to the eye as the binary format (the text format may be useful as
adebugging tool). Binary representation of datais unfortunately amachine dependant feature, as each machine has
small, but significant, differencesin the binary format. However asthe HTB2 output isgenerally only inred
numbers, it has been possibl e to provide translation routines between different machine formats. That isoutput files
generated on a DEC mainframe can be ported to a PC, for analysis.

Datarecorded in thisfile may include (depending on options chosen);
surface temperatures and heat fluxes,
spaceair temperatures
zone mean surface and mean radiant temperatures,
solar transmissionthrough elements,
ventilationrates
heating system output and duty cycles.

The general fileformat isdetailed in the Technical Reference.
8.5.3 BReBuUNGL REsuLT
The Logger file resulting from the Brebungl run, BREB1.LGR, was passed through the |table postprocessor to

provide the following report of the 1st day's results of air temperaturesfor space 1. The ltable postprocessor is
described in section 3.

BREBL. LGR
page 0
Data created by : LOGGER V1.9 jun-90
on : SUNos4 HTB2 v1.10 Fri May 15 09:33:37 1992
run identity . BRE bungal ow test 1

building identity : BRE type bungal ow
services identity : full systens
information file : BREBL.INF

Ti nest ep: 90. 0000
BREBL. LGR
page 1
DATA FOR 1 DAYS FROM 8/ 1/1990 FOR EVENT 1 | NDEX 1
DATE TI ME aLb NEW
VALUE VALUE
SPACE Al R TEMP oC
8/ 1/90 0: 1:30 -999. 15.0
8/ 1/90 0:54: 0 14. 5 14.5
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8/ 1/90 3:13:30 14.0 14.0
8/ 1/90 6: 1:30 13.5 17.1
8/ 1/90 6: 3: 0 17.1 19.0
8/ 1/90 9: 3: 0 19.0 17.5
8/ 1/90 9: 4:30 17.5 16. 6
8/ 1/90 9: 6: 0 16. 6 16.0
8/ 1/90 9: 9: 0 15.5 15.2
8/ 1/90 9:13:30 14.7 14.5
8/ 1/90 9:21: 0 14.1 14.0
8/ 1/90 9:42: 0 13.5 13.5
8/ 1/90 13: 9: 0 13.9 14.1
8/ 1/90 13:25:30 14.5 14. 6
8/ 1/90 14: 7:30 15.0 15.1
8/ 1/90 16: 1:30 14. 6 18.1
8/ 1/90 16: 3: 0 18.1 19.0
8/ 1/90 23: 3: 0 19.0 17. 4
8/ 1/90 23: 4:30 17. 4 16. 4
8/ 1/90 23: 6: 0 16. 4 15.8
8/ 1/90 23: 9: 0 15.3 14.9
8/ 1/90 23:12: 0 14. 6 14. 4
8/ 1/90 23:18: 0 13.9 13.8
8/ 1/90 23:43:30 13.3 13.3
9/ 1/90 0: 0: O 12.8 12.8
9/ 1/90 0:27: 0 12.3 12.3

notes:

b-h  echo of the datafilename, and the run identification strings defined in the Top-level, Building, and Services
files.

i pointer to theinformation filefor further information on the run.

j the calculation timestep for the run, which isalso the time resolution of the recorded data.

p-s dataheader for onelogged parameter.

t alogged record. Datais presented as the date and time of the significant change, the value of the parameter in
theimmediately preceding timestep, and the value now. The preceding valueisrecorded so that rates of change may
be determined.

ad-ae i.e. theair temperature stayed at 14.2 °C (x0.5°C) for 24 minutes.
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SECTION 3

CHAPTER 9

HTB2 CALCULATION, UTILITY AND SUPPORT PROGRAMMES

HTB2 release 2 has several software components, categorised as Calculation, Preprocessors, Postprocessors and
Utilities.

There are two cal culation components; HTB2 and WHTB2. These are the cal culation engines, executing the
simulationsfor DOS and Windows respectively.

Preprocessors aid in the development and editing of theinput datafor HTB2. These are only available under the
Windowsenvironment.

Postprocessors aid in the formatting and analysis of the HTB2 results. There are programs available for both DOS
and Windows.

Utilitiesaid in the more esoteric areas of HTB2; trand ating data files form other sources for instance.

The software will be described below, in these four groups.. Each program will be described in its function, method
of use, and interaction with the user.
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9.1CaLcuLATIONS-HTB2

Program name: HTB210.EXE

Description: HTB210.EXE is the DOS console version of the calculation program for HTB2. It I

manages data file input, simulation calculations, and data output. It may be useful for batch run
situations, where multiple simulations may be required to be run unattended.

Command Line:  at the console prompt:
HTB210 filename

The program accepts 1 command argument, the name of the Top Level File. Thisfile should residein the
directory from which HTB2.EXE is started. If no filenameis provided, HTB2.EXE will use the file HTBCMD if it
exists. If no Top-level fileisfound, or the filename given isincorrect, HTB2.EXE will exit and unload.

Facilities: HTB210.EXE manages the thermal simulation of the building described in the input datafiles, as
described in theinitial section of this manual.

User Interaction: Theisno user interactive 1/0 in this program. Once the calculations have started they will
proceed as specified in the Top-level file, or until an error condition is reached.







9.2CaLcuLATIONS-WHTB2
Program name: WHTB2.EXE

Description: WHTB2.EXE is the Windows (Windows95, NT, XP) version of the calculation H
program for HTB2. It manages datafileinput, simulation calculations, and data output; and allows TEE
limited user interaction and data display during calculations.

Command Line: through the Windows Program Manager File Properties, the Windows File Manager
Association or the Windows Run option:
WHTB2 -options filenamel filename2

The program accepts up to 3 optional command arguments;

Thefirst isaseries of option characters, started with the minus character "-". The following characters are allowed
f -file -the argument following (filenamel) is the name of the Top-level file. The working
directory will become that containing the Top-level file. Normally WHTB2 uses windows menus to
select the Top-leve file.

c -config -the argument following (filenamel or filename2 if the f option above is used)
is the name of the WHTB2 configuration file. The configuration file specifies various screen
display options for WHTB2. Normaly WHTB2 uses windows menus to select the configuration
file, if the default condition is not required.

r -run  -start simulation calculations immediately on start-up. This option requires the f
option to determine the Top-level file. Normally WHTB2 requires user input to start calculations
once an input file has been chosen.

q -quit -exit program when simulation run is completed. Normally WHTB2 will not exit after
asimulation, but wait for the user to exit or start afurther run.

i -icon -start-up programin "minimized" form (i.e. asanicon). Normally WHTB2 starts up
full screen. Running as an icon, suppresses screen display overheads and will speed calculations.

S -screensaver -suppress WHTB2 screen saver function. Normally WHTB2 will disable
Windows screen-saver software whilst it is running, so as to optimise processor usage. This may be
turned off by this option if problems arise from this.

The first command option should be presented with no white space after the"-". The filename options should each
be separated by a space. For example the command line
whtb2 -rifq test.top

would load WHTBZ2, use TEST.TOP as the main input data file (selected from the default directory specified in
program properties), run immediately as an icon, and exit and unload on conclusion of the calculations.

The standard configuration (double clicking on the wHTB2 icon in Program Manager) loadswHTB2 in idle mode
(fullscreen, no Top-level file, no calculation).

Facilities: wHTB2.EXE managesthe thermal simulation of the building described in the input datafiles, as
described in the initial section of this manual.

User Interaction: wWHTBZ2 uses severa screens and menus to allow user interaction.




Screens

ol

File Edit Wiew Help

Menu Ow|e] 2[00 e =[d 2]

MAIN Screen:

System Current Time  08:00 16:01:2008
File : D:AHTEPROBY luhwinter-dstymoff.top
Eunld: moffl base case
Running Display FProjectld: simple single office

Services Id: full services + cooling

Airtemp 1 2 3 4 5 External Air C:
Status C 20.4 132 9.9 87 8.2 3n
MRT temp 1 Z 3 4 5 Global Solar
c 21.1 145 12.3 1.7 11.4 W -
B47

Swstem output 1
ke

lcalculating [ 4% | 4

Menus provide access to functions that open files, manage the simulation, and display status and simulation
progress and results.

System menus provide access to standard Windows Minimize, Restore and Exit functions. Note that this screen
may not be altered in size (beyond minimisation) but may be moved within the Windows desktop.

The running display indicates the progress and partial results of asimulation.

The status bar shows program status and the name and location of the Top-level file. The bar to the right indicates
progress as the proportion of days simulated of the total desired.

ICON Screen :
iElB

Displayed when minimised, wHTBZ2 indicates the simulation progress in the icon title:

HTBZ- 81
INFO Screen: B -
The Info Screen displays run information; progress apd s S ey —_—
error messages. During the Input phase, problems in input infe: IWIT: checking Diary Pages
files will be highlighted here. imfa: COMAY. Oponing Tila Kamed: BAEDAY,HAY

infw; [PHDEY: Opening File Hamed; BREDAYL, DEY
info: OPHDECY: Opending Pilc Aamed) DECEHUL ., DY |

(=T [2]

Stripchart Screen: = Air Temperature C, 1 -]
Configure

The stripchart screen provides aview of simulation results,
displayed as arolling stripchart at approximately calculation

43
timestep resolution. wHTB2 parameters that may be shown are; [
air temperature, heating output, and solar gains of a selected i | ' I ﬂ
space, fabric temperatures of a selected element, and external .

R T S T S

temperature. Up to 3 such stripcharts may be displayed
independently.




Main Window M enus

The following describe the menu system available from the Main Window. Not all menu options are available a all
times, choices are greyed when not avail able/appropriate.

File

Edit

View

Help :

Open: Starts afile dialog in order to find and select the Top-level file. The default fileending is
.TOP. wHTB2 will use the location of the Top-leve file as the working directory. Available only
when wHTB2 is not cal culating.

Run : Start asimulation calculation, using the Top-level file nominated. Available only when a Top-level
file has been selected.

Pause : Suspends cal culations (perhaps to alow other Windows programs to have full access to the
computer). Available only when calculations are running.

Continue :  Continue calculations after apause. Available only when Paused.

Stop : Stop calculations. An error condition, the run cannot be continued, but may be restarted. Available
only when cal culations are running.

Load Config : Starts afile dialog in order to find, select, and load awHTB2 configuration file.
Configuration files determine the location and visibility of wHTB2 screens, and the style and content
of the main and stripchart screens. Configuration files may be used to set up display or
demonstration sets for instance. Available only when calculations are not running or paused.

Save Config : Starts afile dialog in order to nominate and create awHTB2 configuration file, using
the current screen conditions. Available only when calculations are not running or paused.

Quit : StopsthewHTB2 program and removesit from memory. Available only when calculations have
finished or have been stopped with the STOP menu.

Top Leve File
Pandl : (not available)
Text : ( not availablein thisrelease)

Configuration :  Startsadiaog to allow aspects of the screen status display to be altered.

Info: Makes visible the INFO screen ( for instance if that screen had been closed by its close button).

Stripchart : Initialises a new, or makes visible and old stripchart screen ( for instance if that screen had
been closed by its close button).

Raises the Windows Help system, with information relating to wHTB2,

There are no functioning menus for the INFO screen.



Stripchart screen Menu
Configure : Raisesthe stripchart Configuration dialog.

Dialogs

Configuration Dialog : Alters display properties for the main screen display of simulation calculations.

The display may be updated at three
frequencies; Medium (the default)
updates every 15 minutes (in
simulation time). Slow updates

wHTB2 Screen C

onfiguration

hourly and Fast updates every Screen refresh : & Slow " Medium (" High
timestep. The more often the Screen crawl: [ on

update, the slower in general will ol _

be the progress of the simulation. 2l 9 Ko 9 lb=litg G g
Screen crawl slows down the .| ﬁf]tz;uenn | ﬁﬁ}; o | | Mu'n”'rﬁ”fe
simulation significantly, so that the

screen display may be read more

easily. Thismay be useful for oK. Cancel

debugging a problematic data set.

This dialog can also be used to alter

some run options; "Auto run on open” will start calculations as soon as a problem file isloaded, "Auto overwrite
file" will suppress the check on existing output files, and "minimize on run" will cause the software to reduce to an
icon while calculations are in progress. These option may be useful in a production scenariom but for most

purposes the default condition will be satisfactory.

"OK" accepts the new values and closesthe dialog. "Cancel" closes the dialog leaving the previous values

unaltered.

Sripchart Configuration Dialog: Alters the
display parameters for the stripchart from which it
wasraised. The dataitem to be charted is selected
from the list to the left; only oneitem at atime
may be charted on each chart. The appropriate
index (space number for air temperature, heating
output and solar gains, element number for
element profile) and the scale maximum and
minimum are to be entered in the right hand boxes.

"OK" accepts the new values and closes the dialog.
"Reset” sets the values to the default and closes the
dialog. "Cance" closesthe dialog leaving the
previous values unaltered.

Strip Chart settings

honitar:
® Ajrtemperature

" Heating output
(" Solar gains
(" Element profile

Update:
{ slow
® medium

(" fast

Scale:

Meximum |3

hdinirmurm 10

Plot index:

11 ﬂ

Feset | Cancel




9.3 PREPROCESSOR - SCHEME EDITOR

Program name: SCHEME.EXE

L
Description: SCHEME.EXE is the Windows preprocessor intended to aid the creation and _||.£<=>
alteration of HTB2 Building and Layout datafiles. I

Command Line:  through the Windows Program Manager File Properties, the Windows File
Manager Association or the Windows Run option:
SCHEME -f filename

The program accepts 2 optional command arguments;

Thefirst isasingle character, started with the minus character "-". The following character is alowed
f -file -the argument following (filename) is the name of an existing Building file. This will
be loaded and displayed on start-up. The Building file defines it's associated Layout file.

The first command option should be presented with no white space after the "-". The filename options should each
be separated by a space. For example the command line

scheme -f test.bld
would load SCHEME, and use TEST.BLD as the main input data file (selected from the default directory specified
in program properties).

The standard configuration (double clicking on the SCHEME icon in Program Manager) loads SCHEME with no
building or layout data defined.

Facilities: SCHEME.EXE manages the definition of the Building and Layout datafiles (see chapter 3). Aswell
as allowing creation and naming of Spaces and Elements, and alowing the definition of parameters such as area
construction type, SCHEME displays a non-representation diagram of the relationships between spaces and
elements; a connection network  Dialog panels are used to edit parameters, some parameters will have allowable
items to choose from (e.g. alist of known construction types). Display options allow complex data files to be
simplified visually. SCHEME reads and creates HTB2 compatible Building and Layout files.

SCHEME, and WHTB2 do not communicate apart from files. Therefore, for a simulation with WHTB2 to relate
to the latest changes made in SCHEME, then the changes must be saved to aHTB2 data file by the user before the
simulation is started.

User Interaction: SCHEME uses severa screens and menus to allow user interaction.

Screens

B8 ci\HTB2103 TUTOR Y TUTOR1\EX1.BLD - Schem;

MAIN Screen: Fle Edit Arrange WYiew Help

T R e N = e A

Menu
System Externz
ToolBar 1 séuth wal Al !
3 eastwag \est wall 7
WorkSpace ?wesindm
: F
13.xe
Fxte = 12 nort
%
FEIL .
e 9 ceiling 210 =
e
1 eas
4l | ;I_|
For Help, press F1 =) b




Menus provide access to functions that open files, edit properties, and manage the display.
System menus provide access to standard Windows Minimize, Restore and Exit functions.
The ToolBar provides selection icons for selection, creation and editing of spaces, elements and connections.

The workspace isthe drawing area. It is scrollable, depending on the extent of the network contained within it. It
uses a series of icons to represent objects; an object in SCHEME is a space, element, etc. Double-clicking on an
object allows attributes to be defined for that object; an attribute of an element for instance would be its area or
construction type, for instance. The connection of a surface to a space is an attribute of an element.

SCHEME uses alayer analogy; Spaces, Elements, The Outside, Connections and Window Patching are displayed
on independent layers; each layer may be made visible or invisible to aid clarity of the workspace. Colour is used
in SCHEME to denote connection type; ared line is a connection between a surface and a space, abluelineisa
patch between awindow and a surface.

To further aid clarity, selected objects may be made visible or invisible; thus for instance only the elements
connected to a certain space may be visible.

The SCHEME workspace is used to create and define (by placing an icon) spaces and elements, and by drawing
connection lines, define their interconnections. Cut, Copy and Paste may be used to build up a complex building
description.

Main Window M enus

The following describe the menu system available from the Main Window. Not all menu options are available at
all times, choices are greyed when not available/appropriate.

File
New : Clears the workspace and memory of any previous data.

Open: Starts afile dialog in order to find, select, and load an HTB2 Building file (default file typeis
.BLD). The Building and Layout files between them define the schematic.

Save: Savesthe current information in the HTB2 Building file and Layout file previously opened.

Save As: Starts afile dialog in order to nominate and create an HTB2 Building file (default file typeis
.BLD) and HTB2 Layout file (default type .LAY).

Load Construction File : Startsafile dialog in order to find, select, and load an HTB2 Construction file
(default file type is .CON). Makes the constructions defined in that file available for use in the
building element descriptions.

Run Construction File Editor : Starts the construction editor to allow manipulation of the HTB2
Construction data.

Load Mask File: Startsafiledialogin order to find, select and load a text file (or HTB2 Layout file)
containing Shading mask descriptions. Makes those masks available for use in the building element
descriptions.

Exit : Stopsthe SCHEME program and removes it from memory.
Edit
Cut : Remove the selected object(s), but leave in memory.  Note also that cut and paste are internal to
SCHEME only, i.e. they do not function with the Windows Clipboard. Selection is made with the
mouse. A single object is selected by a single mouse right-click on itsicon. Multiple objects may

be selected by shift-right-clicking on a number of icons or holding the right button down and
dragging a box across the objects desired.
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Copy :Copy the selected object(s) to memory. A copy has al the attributes (i.e. surface area) of the

original.
Paste : Paste the object(s) in memory into the workspace.
Delete : Delete the selected object(s) from the workspace. They cannot be recovered when deleted.

Note there is no UNDO function in SCHEME.

Edit Selection :  Globally alter certain attributes of the selected objects. These attributes are:
Construction type, Window Type, Area, Orientation, and Tilt. A dialog box israised to provide the
options of attributes to alter, and to enter the new values.

Select Like : Selects a number of objects that match the currently selected object. A dialog box is raised
to alow the attributes required to be matched to be selected; Construction type, Window Type,
Orientation and Tilt are the options available.

Select All : Selects al "visible" objects in the workspace.

Site Details : Raises adialog box to alow site datato be entered. This dataincludes site Latitude
and Longitude for instance.

Edit Shading : Raises a dialog box to alow shading masks to be defined or edited.
Arrange

Group : Make selected object as one grouped object. Thiswill be displayed as a single icon, and so
can be used to simplify complex schemes.

Ungroup : Revert the selected object into its component objects.

Expand: Zoom into the scheme. Icon sizes do not change, but the displayed spacing between objects
is increased.

Contract :  Zoom out of the scheme. Icon sizes do not change, but the displayed spacing between objects
is decreased.

Rotate : Adjust the Orientations of all selected objects by the stated amount.

Flip : Mirror the Orientations of the selected objects along the selected axis.
View

Toolbars: Toggle the visibility of the selected toolbars.

Status Bar : Toggle the visibility of the status bar at the bottom of the main window.

Connection check : Start alogical check of the Element data, raises a dialog box listing those element that
have incomplete or logically incorrect connections specified.

Detail Check : Start alogical check of the Element and Space data, raises a dialog box listing those
element that have incomplete or logically incorrect data specified. Note that not all Element or
Space data errors can be found in a simple check. It isthe users responsibility to provide accurate
data.

Show Selection : Display only the selected object, and any objects to which it is directly connected.
This may be used to simplify a complex scheme.

Building : Display only the certain types of objects, as selected by:
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Walls and Windows : Make visible or invisible al Elements (walls, windows, floors etc.). Thisisa
checkbox option; reselecting it on the menu will toggle the function to its other mode.

Spaces: Make visible or invisible all Spaces. Thisis acheckbox option; reselecting it on the menu
will toggle the function to its other mode.

Connections : Make visible or invisible Surface-Space connections between objects.

Help : Raises the Windows Help system, with information relating to SCHEME.

Dialogs
Dialog boxes provide access to most of the information describing the building and = Space Details _
its components. The following are raised by double clicking on an object (Space or
Element). Home
¥o|ms
Space Dialog: Defines or alters the attributes of a space, including its Space Indoy 1
Volume, and the name (any string of characters) by which it will be known within [or | [camcet] | Helw |
SCHEME.
T r—
Opaque Element Dialog: There are 3 levels of data for Elements, according to Eenent one [EEEER |
the priority of the data and the general acceptability of defaults. The first dialog Lossucten 1 emenal cavty wal 3]
(raised by double clicking on the Element icon) defines required data for an i:..s.,. %llil ey
Element, data for which no valid defaults could be used e.g. surface areaand 3 Iﬁ_@l
construction type. T
Tpace o Fidl  Eseansl
Speca Ly last
Skip Elegent  [] IRcie Humsibia 3
[Loe | [conca] [agrances| | e |
w'
The second (raised from the "Advanced" button on the first dialog) allows access to [— T
data for which there are acceptable defaults, but which may commonly be altered Bl it CER|

Alesgthen liast 15 i g5 |

(e.g. surface absorption coefficient). B W

ak Canical M e

The third (raised from the "More" button on the second dialog) allows accessto data | = % 2 %
that should not required ateration often (e.g. surface emissivity).

T = T
B Seweoes |
T Hw [
Window Element Dialog: Thisissimilar to the Opague Element, apart from the extra
data required by a Window; the Window Type and access to patching information.
| | [Esmisr]
Other Dialogs are raised through menus or buttons on dialogs. [Come -] [[top ][ potte |

Ste Dialog : Raised by the Edit Site menu, this allows site data to be entered.
Default values for TimeZone (0: Greenwich) and Skyline (0) are available. Where the
default value is taken, the appropriate dialog box is left clear.
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Check Dialog : Raised by the Check Connections or Check Details menus, this R |
presents a list of Object for which there is missing or erroneous data. Wigciriihel it

3 saal mall

b et wall

(Cowe |

Shade Dialog: Raised by the Edit Shading button on the Element Dialog this dialog shows the list of
available Masks (those defined in the Layout, NONE, the default, is always available). 1t also allows new shading
names to be added to the list, or to remove redundant names. The data describing the new mask can be imported
or calculated from simple parameters.

Patch Dialog: Raised by the Edit Patch button on the Window Element W
Dialog this dialog alows checking and specification of the sun patching

information required by Windows. The SCHEME workspace allows definition of
Patching connections (i.e. which surfaces the solar energy through a window
reaches); this dialog allows proportions to be attributed to each such connection.
Thus for instance, by the 3-D geometry of the space (of which HTBZ2 is not aware)

80% of the solar energy may fall on the adjacent floor, 20% on a back wall. Patch actios (700 ] [t e |
patchi|

(o ] [cwmest] [[=e ]
Notes: The SCHEME workspace grows with the complexity of the network. Not all the workspace may be

visible, the scrollbars are used to move the users screen over the workspace. As an object is dropped or moved
near afar margin, the workspace isincreased slightly.
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9.4 PREPROCESSOR - CONSTRUCTION EDITOR
Program name: CONSTR.EXE

Description: CONSTR.EXE isthe Windows preprocessor intended to
aid the creation and ateration of HTB2 Construction datafiles.

Command Line:  through the Windows Program Manager File Properties, the WindowsFile
Manager Association or the Windows Run option:
CONSTR -optionsfilename

The program accepts 2 optional command arguments;

Thefirst isasingle character, started with the minus character "-". Thefollowing charactersare alowed
f -file  -theargument following (filename) isthe name of an existing Construction file. Thiswill
be loaded and displayed on start-up.

Thefirst command option should be presented with no white space after the"-". The filename options should each
be separated by a space. For example the command line

constr -f test.con
would load CONSTR, and use TEST.CON asthe main input datafile (selected from the default directory specified
in program properties).

The standard configuration (double clicking on the CONSTR icon in Program Manager) loads CONSTR with no
construction data defined.

Facilitiess. CONSTR.EXE managesthe definition of the Construction datafile (see chapter 3). It allowsthe
creation, inspection, ateration and naming of Constructions, estimatesthe"U-value" of the constructions’, contains
alist of standard material properties. This programme also alows Glass Type properties to be created, named and
atered. CONSTR reads and creates HTB2 compatible Construction files.

CONSTR, SCHEME, and WHTB2 do not communicate apart from files. Therefore, for asimulation with WHTB2 to
relate to the latest changes made in CONSTR, then the changes mumst saved to aHTB2 datafile by the user before the
simulationisstarted.

*the estimate of U-valueisstrictly valid only for vertical walls, horizontal constructionswould reguire acorrection
factor to be applied to the surface coefficients, and the U-value calculations are inappropriate for solid floor slabs.
Note that HTB2 does not use this U-val ue; the fabric heat flow is calculated more explicitly.

User Interaction: CONSTR uses several screens and menusto allow user interaction.

Screens
= 0 | | o - || -~
File Edit Sort Window Help
MAIN Screen: : = 7
LConstruction Name |1 external cavity wall | Type |Upaque |ﬂ
Menu
Hame of Component Conductivity Material
Thickness
System First w/m/°C mm
/ OUTEE. BEICK 0.840 105
CAVITY HOFMAL 0.591 65
WorkSpace IHNER BRICK 0.620 105
PLASTER o.260 16
Construction Panels I
MaterialsPanel
Last
[PLASTER | Ihickness
I Calculated U Value @
Gelect 2 single 3 solid dintemal 5 roof § internial
Material glazing  ground floor ceiling partiticr T
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Menus provide access to functions that open files, edit construction, manage the data and display.

System menus provide access to standard Windows Minimize, Restore and Exit functions.

Theworkspaceissimply abackground area. It contains panels; the Materials panel and one or more Construction
panels. Theworkspace scrollable, depending on the extent of the information contained withinit. Any or al panels
may be minimized (made anicon) to aid display clarity.

Materials Panel :

The Materials panel isascrollable display of the material thermo-physical properties available to constructions.

Those properties are loaded from the HTB2 materialslibrary file(s) specified in the Construction file. For anew
construction anew materialslibrary may

be loaded and associated with a Select Material

i i i N f Conductivit Densit Spechic Heat
Construction fll_e. A_sm HTBZ, f[here are i B il Karma o A7Kal T
up to two materlalsllbrarlesavallaple! the | —— T TR
Standard and the User. The User fileis INHER BRICK 0.620 1700 a00
H PLASTEE 0.260 800 1000
:ntended to ?Upp| ement the Stmdard PLASTERBOARD 0.160 950 840 +
ibrary should required properties not be @ B Pl Pilserrie

foundthere.

The datain the materials panel is displayed according to the current sort setting (see the Sort menu). Anindividual
material may beinserted into the current Construction by double-clicking on itsname.

The material properties may not be edited through this program; alterations or additions to the User library must be
made externally, through atext editor (i.e. Notepad). Notethat if changes are made to the User materialsfile, it must
be rel oaded before CONSTR will find the modifications.

Construction Pandl :

There may be anumber of construction panels (or their icons) in the workspace, each one representson HTB2
Construction type. The construction panel shows

the layers of materials associated with a

construction. For eEK:h layer’ the matenal name, Construction Name |1 external cavity wall | Tupe |l]paque Li_l
and thermal conductivity aretaken from the — )
materialsfile, the layer thicknessis supplied by the Home: of. Comareht Conductiviy, . Mafenidl
First wimi'C mm
user.
OUTER. BETICE 0.840 105
CAVITY HOPMAL 0.591 65
The active construction isthelast one that had the IHHER BRICK 0.620 105
PLASTER 0.260 16

"Windows focus", i.e. had amouse click within it or
onitstitlebar. The activelayer isthe layer
highlighted by amouse click onitsmaterial name.

Last

The activelayer may haveitswidth atered in the _
dialog box below the layer list, or it may be copied, | PLASTER | Ihickness[16__ |
cut or pasted. Pasted layers generally enter after the | Calculated U Value [ 1.55 |

activelayer. Morethat one layer may be selected
(by multiple shift-clicking) for cutting or copying.
Layers may be copied and pasted between construction panels, but only with the CONSTR program; the Windows
clipboard is not used.

A new (empty) construction panel may be created through the File New menu. New materialslayers are entered by
double clicking on the required material inthe Materials panel. A new construction must have a name associated
with it; this may be entered in the top middle of the panel. The construction type (currently only Opaque or
Transparent) should also be set as appropriate. Following the HTB2 naming convention, the First layer at the top of
thelist.
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Main Window Menus

The following describe the menu system available from the Main Window. Not all menu options are available at al
times, choices are greyed when not available/appropriate.

File

New Construction : Create anew, empty, Construction.

Remove Construction :  Delete the active Construction. Thisisnot recoverable.

New Congtruction File:  Startsanew, empty, workspace with the standard Materia slibrary, and one new,
empty Construction.

Open Construction File: Startsadiaog to find, select and load an HTB2 construction file into the
workspace. Thiswill remove all existing Constructions from the workspace.

Save Construction File: Savesthe Constructionsin the workspace to the current Construction file.

Save Construction File As: Startsadia og to nominate anew filename, and to saves the Constructions
in the workspace as an HTB2 compatible Construction file.

Load User Material File: Startsadialogto find, select and load an HTB2 user materiaslibrary.

Load Standard Material File:  Startsadialog to find, select and load an HTB2 standard materialslibrary.

Import Glass Definitions: Startsadialog to find, select and load Glass Type data. CONSTR can extract this
datafrom asimpletext file (see the example GLASS.HL Pin the data subdirectory), or from an HTB2
constructionfile.

Exit: Stopsthe CONSTR program and removesit from memory.

Edit

Cut : Removethe selected layer(s), but leavein memory. Selectionis made with the mouse. A single layer
is selected by asingle mouse right-click onitsname. Multiple layers may be selected by shift-right-
clicking on anumber of layers.

Copy :Copy the selected layer(s) to memory.

Paste : Paste the layer(s) in memory into the current active Construction panel, after the current active layer.

Paste Before: Paste the layer(s) in memory into the current active Construction panel, before the
current activelayer.

Delete: Delete the selected layer(s) from the construction. They cannot be recovered when del eted.
Note thereisno UNDO function in CONSTR. To delete an entire construction, use the File Delete
Construction menu.

Edit GlassTypes: Raiseadiaog to alter the Glass Typeslist and data.

Sort
Name: Sort the Materialslist alphabetically.
Conductivity : Sort the Materiaslist by conductivity.

Density : Sort the Materialslist by density.

SpecificHeat : Sort the Materialslist by specific heat capacity.
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Windows
Cascade: Arrangeall open Construction panelsneatly
MakeAll Icons:  Close, or minimise, all Construction panels.
Arrangelcons: Arrangeall closed Construction panelsneatly.
(panels) : Select and make active the panels by name.

Help : Raisesthe Windows Help system, with information relating to UVAL.
Dialogs

Dialog boxes provide access to other information described in the HTB2 Construction file. In particular dialogs give
access to the Glass Typesinformation.

GlassTypesList:  Thisdialog presentsalist of Glass Types currently known to
UVAL (i.e. defined in the Construction file). Therearefour controls:

Glazz lyps

Add, will dlow anew Glass Typeto be entered into the list. Notethat this
only declares aname acceptable for usein SCHEME. It does not define the
properties of aGlass Type. Use the Edit function to add propertiesto anew glass

type o o] (o] (]

Edit, raisesadialog to alow the transmission and absorption properties of
the selected Glass Type to be displayed and altered. See the description of the Glass Properties dialog below.

Delete, removes aGlass Typefrom thelist.
Close, endsthedialog.

Edit Glass Type Properties. Thisdialog allowsthe transmission and —_——
absorption properties of the selected Glass Type to be displayed and atered. T
The Glass Type properties (transmission coefficient or absorption coefficient ~ § Glass wpe name
as selected at the bottom of the dialog) are displayed asaGraph; thevaluefor ~ J Bropets

diffuse, then for direct beam in 10 steps, starting from 0. Each point may be ]
selected by clicking on the point; anew value may be entered in the dialog

box, or by dragging the point with the mouse. There aretwo controls;

OK accepts any changesto the parameters and closes the dialog, while

:! T ission at 30 deg
Cancel discards any changesand revertsto the original parameters, 1 Diansmission ®  Absorption O
before closing the dial og.

Note that new Glass Types may be imported into the Construction file through the File Import Glass Types menu.
Thiswill read in atext file containing the complete definition of aGlass Typein HTB2 Construction file format.
See the description of the construction filein chapter 3 for information asto the format of theimport file.
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9.6 PosTPrROCESSOR - DATA VIEWER
Program name: HTB2VIEW.EXE

Description:HTB2VIEW.EXE is a Windows postprocessor intended to aid the translation and
formatting of HTB2 Block Report Outpuit files (as produced by the 'lENABLE BLOCK OUTPUT
Top-level command).

Command Line: through the Windows Program Manager File Properties, the Windows File Manager
Association or the Windows Run option:
HTB2VIEW filenamel filename2

The program accepts up to 2 optional command arguments; either is a filename, representing an HTB2 report file
and an HTB2VIEW configuration file. They may bein any order. If files are specified in the command line, they
will be loaded automatically. The filename options should each be separated by a space. For example the
command line

htb2view test.blk myview.cfg

would load htb2view, load and display the datain TEST.BLK (assuming there was valid data to display) according to
the setup defined in MY VIEW.CFG.

The standard configuration (double clicking onthe HTB2VIEW icon in Program Manager) loads HTB2VIEW with
ablank view.

Facilities: HTB2VIEW.EXE alowsthe trandlation, display and formatting (for printing or export to further
analysis software) of HTB2 Block Report results files. In general HTB2VIEW is intended to achieve two aims;

allow a quick view of results, for a check of validity of simulation, and
translate HTB2 results into a form suitable for use in analysis software, e.g. spreadsheets.

It isfelt that software generally available (such as Lotus 123, or Microsoft Excel) provides sufficient power and
flexibility to produce high quality graphics and results tables. The capabilities, power and flexibility of support
software specific HTB2 may therefore acceptably be less than those commercial products. However HTB2VIEW
does provide alimited means to produce simple graphics and printed tables of results. It is our position that a
good analysis package, such as 123 or Excel isavital but external component to the HTB2 software.

HTB2VIEW provides aview onto the data contained in the resultsfile*. That view may be thought of asasimple
spreadsheet. There a number of vertical columns; each column contains an item of data produce by HTB2, i.e.
Space Air Temperature. Thefirst two columns are aways present and cannot be altered; these are date and time.
The other columns are defined by the user; the program supports up to 255 columns (but there may be a limitation
on the capability of the target analysis package in the maximum width of an imported file). Horizontal rows are
sequential time records taken from the HTB2 output datafile. The view may be scrolled up and down to scan
through along simulation, or the start and stop dates may be specified. Scrolling across dataitemsis also
possible, if the view cannot be contained entirely on the computer screen; in scrolling, date and time are always
visible.

Data viewed in such a manner may be exported as a simple text file; this may be specified as one suited to printing
(i.e. al columns line up), or for use as a data file for other software (columns separated by commas "comma-
delimited format"). A number of columns may be selected for viewing as a simple graph; that graph may be saved
as a computer file.

A "view" (the definition of column contents, start and stop positions, and graphic format) may be saved as a named
configuration file. Thusanumber of different standard views may be built up and reused as appropriate.

There are no facilities for arithmetic (i.e. heat loss / temperature difference) in the view, nor can data be compared
between different simulations. External analysis software will be required for those uses.
* Note that the calculation engine must have finished a simulation for the results file to be valid.
HTB2VIEW cannot be used to inspect results as the are being cal culated.
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User Interaction: HTB2VIEW uses severa screens and menus to allow user interaction.

Screens
MAIN Screen:
= HTB2Viewer - h:\htb200lexamplelbreb\breba.blk 2l il [
File Configuration Graphs Help
Menu
E3
Column 1 2 3 4 h
Date Time Loft —
SyStem Hours Air Temp Air Temp Ext Air Temp
- C C C
View———— | 1 2
ew 8/ 171992 1.00 13.7 9.6 9.2
_ 8/ 171992 2.00 13.4 9.5 9.2
Menus provide access to 8! 111992 3.00 13.1 9.5 9.3
: : 8/ 171992 4.00 12.9 9.5 9.2
fur_1ct|ons that open files, 81 141992 5.00 12.7 9.4 9.2
edit and managethe data 8/ 1/1992 6.00 12.5 9.3 9.0
anddisplay. 81141992 7.00 12.3 9.2 9.0
8/ 171992 8.00 12.3 8.7 8.4
. 8/ 171992 9.00 18.8 8.6 8.4
System menus provide 81 111992 10.00 19.0 9.1 8.5
access to standard 8/ 171992 11.00 19.0 10.2 8.7
. . 8/ 171992 12.00 19.0 11.4 8.8
Windows Minimize, 8/ 171992 13.00 19.0 11.8 9.1
Restore and Exit 8/ 171992 14.00 19.0 13.9 9.4
functions. 8{ 11992 15.00 19.0 14.8 9.4
8! 171992 16.00 19.0 12.3 8.4 T

The View shows columns
of datain sequential time order. The view areais scrollable, depending on the extent of the information defined.

GRAPH Screen:
HTB? Viewer Graph
Menu Graph
Bagic Test

30
System

25 |
Geh —747m7—— = | |

20 S
Menus provide access to functions that ' - Jr _‘I. { H
alters graph settings. B 1 \ { \ \ |

S N b Nl
System menus provide access to standard ' -
Windows Minimize, Restore and Exit 5
functions. 7 -

i . . z m“n 992 A 992 1071 992 1111992

The graph presentsasimpleline graphic 5— tir Temp — Lot Ext tir Temp
of the data selected. The X axisisaways

time.

Main Window M enus

The following describe the menu system available from the Main Window. Not all menu options are available at
all times, choices are greyed when not available/appropriate.

File
Open Data File : Startsadiaog to find, select and load an HTB2 Block Report results file (default type
.BLK). If adifferent file type, or an older version of the Report file is chosen, an error message will
beraised. If aview isdefined, the view will beinitialised. If no view is defined (the default start up
condition) only the time fields will be shown.

Close Data File: Closes the Results file, and removes the view from the screen. The HTB2 datafileis
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not deleted from the computer disk.

Load Configuration File : Startsadialog to find, select and load an HTB2VIEW configuration file
(default type .CFG). If avalid Datafileisloaded, the view will beinitialised. If no Datafileis
loaded, only the column titles will be shown.

Save Configuration File : Startsadialog to nominate a new filename, and save the current view state asa
HTB2VIEW configuration file. All aspects of the view apart from the actual results data, or the
results data filename, will be saved.

Reset Configuration : Initialised the configuration to the start-up state, ablank view.

Export : Starts adial og to nominate a new filename, and save the current view data as a text file.
According to the setup, this may be suitable for printing or incorporation into other software.

Exit : Stopsthe HTB2VIEW program and removes it from memory.
Configuration

Edit Column : Raise adialog to allow definition of the number and content of columns. See the
information following for further details.

Page : Raise adialog to allow definition of the type of export, and start and stop dates. See the information
following for further details.

Edit Filters: Raise adialog to allow definition of display filters for the data. This might be used to, for
instance, display only data for timesin working hours.

Graph
New Graph :Display the selected columns as a simple line graphic. Columns may be selected (or de-
selected) by clicking on the column title. There are two y-axis available, with independent scales;
right click selects columns for the right hand scale, left for |eft.
There can be only one graph active.
Edit Column Window Menus
The following describe the menu system available from the Edit Column Window. Not al menu options are
available at al times, choices are greyed when not available/appropriate. Thiswindow is raised by from the Edit
Edit Columns menu of the main window.

Column

Insert After : Insert anew, blank, column after the current active column. The active columnis
selected through a control in the dialog, see the discussion of the Edit Column Window below.

Insert Before : Insert a new, blank, column before the current active column.

Delete : Delete the active column. All columns and their parameters will be shifted left.

9-21



Clear : Clear the active column; remove the column parameter, leaving a blank column.

Graph Window Menus

The following describe the menu system available from the Graph Window. Not all menu options are available at

all times, choices are greyed when not available/appropriate. Thiswindow israised by from the Graph New Graph
menu of the main window.

Graph

Graph Settings: Raise adialog allowing alteration to graph properties. See the discussion of the Graph
setting dialog below.

Export graph to File:  Raiseadialog to nominate anew filename, and save the current graph asa
Windows Bitmap (BMP). The current graph window size will become the size of the bitmap.

Copy Graph to Clipboard : Place a bitmap copy of the current graph into the Windows clipboard.
This may be pasted into other applications (e.g. Paintbrush, or aword processor).

Graph Size: Allows selection of one of two standard graph sizes (in pixels); 600x400 and 1000x600. The
graph windowsis sizable by dragging the window frame, but as a graph copy bitmap takes on the size
of the window, to achieve comparable sizes between runs,, chose one of the standard sizes. The
600x400 size can just be contained within the standard V GA screen.

Dialogs

Dialog boxes provide access to data describing the column contents and extent of
data.

Edit Column: This dialog allows definition of the column contents. New columns are
added through the Column menu, as described earlier.

Column : The active column is selected through column control; a column

number may be entered, or the left/right buttons may be pressed to change the active
column.

Name : The column title may be changed through the next control.

Variable: The column contents may be selected from alist of available data. This list comprises the
complete set of data stored in an HTB2 Block Result file. According to the options selected for the HTB2
simulation, not all of the datain the list may be available; those items are marked "n/a". If no Datafileisloaded
when thisdialog israised, al datatype are considered available and may be selected; if when a Datafileisloaded
and aparticular dataitem is not available, a"missing” code (-999) will be displayed in the column.

Foace: Thiscontrol may be named Space, Element, etc. as appropriate; it represents an index number for
the dataitem selected. For instance when Air temperature is selected, this control is enabled; the number of the
space for which temperature is required should be entered. The arrow to the side will show alist of available index

numbers. Currently, the indexing is numeric only; names of the spaces supplied in SCHEME are not used. Index
numbers are available through SCHEME.

If an Element related data item is selected (e.g. surface temperature) a further control is enabled to the right of the
index number. This allows the face or surface desired to be selected.

Apply, accepts the new data as altered, but does not close the dialog; further columns may be set up. Note
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that the active column must be manually altered before new selections are B raccespes ||

made, or the last column choices will be over-written. e
. Fomat Talble 00 Testewput 8
Close, ends the dialog.
Page Configuration: This dialog is raised from the Configuration Page R - S i
menu. It allows alterations to the format of the Export file type, and to the nnnwe | [3 [l
extent of the data formatted. s ] [ Fown | [ #ew |

Title: A title sentence may be entered here, this will be added to the top
of the export file, perhaps to identify the simulation contained.

Format: There are two formats available for the Export file. Both are simple text files. In the Table option,
all columnswill aign properly (using afixed pitch type); thus the exported file may be printed or imported into a
word processor. Inthe Text Export option, all columns are separated by commas, and words are contained in
guotes ("); thisis a"comma-delimited" format, suitable for importation into spreadsheets (e.g. Lotus 123 or
Excel). (NB. to read such afile into Excel, select Text Commain the Text File Options of the Excel File Open
menu.)

Print From: and

Days From Sart Date:  these coupled controls allow selection of the starting point of the view. The
screen display, graph and export file functions will use this as the starting point. The controls are coupled, as one
is altered, the other will update. Print From accepts a calendar date, Days From Start accepts a numeric number.
Note that if no Datafileisloaded, the date content of the datawill not be known, and days from start should be
used. These values may also be incremented by the left/right arrows to the right hand side. By defaullt,
HTB2VIEW starts at the first record in the Results file.

Print Until: and

Days To Print: these coupled controls allow selection of the Finishing point of the view. The screen
display, graph and export file functions will use this as the finishing point. The controls are coupled, as oneis
atered, the other will update. Print Until accepts a calendar date, Days To Print accepts a numeric number. Note
that if no Datafileisloaded, the date content of the data will not be known, and daysto print should be used. These
values may also be incremented by the left/right arrows to the right hand side. By default, HTB2VIEW will view
the entire content of the file. Note, setting Days to Print to O will set the finish point to the end of the Results
file.

Apply, accepts the new data as altered, but does not close the dia og.

Return, accepts the new data and ends the dialog.

Filter Configuration: This dialog is raised from the _ 3 x]
Configuration Filter menu. This allows definition of display filters. Tl L iy Gt L
" OFF & Daily (™ Monhby = 2l nfik

These include averaging and totaling over different periods (daily,

Monthly, or for the whole simulation). Heat related values can be i s
displayed as power (e.g. kW) or energy (e.g. kWh). In addition, this
dialog offers control over which values to display (or include in the
summation). The example opposite sets filters to use only values from i
times between 8AM and 6PM. pe S

Accumulation: The default setting “ OFF”, displays all records
inthe datafile. When set to one of “Daily”, “Monthly”, or “All infile”, L A

the data displayed is accumul ations (averages or summations as e
appropriate) over the period chosen. EOE e M [rekimma =
e Feum |

Show. When Accumulation is selected, energy values can be
shown in equivalent average power (W) or total energy (Wh) over the
period.
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Exclude: this function is not yet implemented in this release version.

Filter: When a Filter is selected, each record is checked against the criteria before it is displayed or

added to the accumulators. Threefilters are available.

Apply, accepts the data as altered and updates the view, but does not close the dialog.

Return, accepts the new data and ends the dialog.

Graph Setting: Thisdialog israised from the Graph Window Graph menu.
It allows the settings for the graph Y axes scaling and titles to be altered (the X
axisisawaystime). By default, there are no graph axes labels or titles, and the
first Y axis scale goes from -10 to 40 (suitable for temperatures), the second Y
axis from -30000 to +30000 (suitable for energy flows). The graph function
does not attempt to scale the graph according to the data selected; the user must
set appropriate values using this dialog if the defaults are not acceptable.

OK, accepts the new data as altered, and closes the dial og.

Cancdl, discards the new data, recoverstheinitial values and ends the
diaog.

Notes:
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9.7 Postprocessor : htable

Program name: HTABLE.EXE

Description: The DOS post-processor htableistext based, question_and_answer driven I
programme. It can be used on any machine or terminal.

This programme reads and translates the block Report file, formatting the datafor use as aprinted table or asinput to
a spreadsheet programme. htableis based on spaces. The table or dataresulting from its use is essentially a summary
of the environmental conditions and thermodynamic heat balance of a space or group of spaces.

There are options availableto :-
select the space or spaces on which to operate. Multiple spaces can be chosen to produce averaged
temperatures (and summated energies) for groups of spaces.
select the starting date and duration of the report.
select the level of information produced in the report.
select the output format for the report.

CommandLine:  attheDOS prompt;
htable

There areno command line options.

User Interaction : htableisasimpletext based program. htable promptsthe user for al required information,
through asimple question and answer interface. At several pointsin thisinterface the user may enter acodeto skip
backwardsto a previous point (eventually to EXIT the programme). This might be required to correct erroneous
inputs, for instance.

Unfortunately, this code (which signals"END OF INPUT", and is usually a control-character) issystem dependant.
The actual code required may be entered here:-

installation :- DOS UNI X VAX/ VVB

EOD code D - NZ "D (i.e. control+D) NZ

Theinterfaceisillustrated below, using the datafile produced by the Brebungl test run, discussed in chapter 8. A
DOS version of the programme was used for this discussion. The user inputs are highlighted inbold.

Notethat " EOD" isthe end of datacode, typically (control+2Z) or (control+D), it is not meant to be entered
verbatim.

This procedure produces the formatted file BREB1.TBL, described in chapter 8.

otes:
A: >HTABLE

n
a
b SPACE SUMVARY TABLE 1.9 - fixed format space report of HIB2 summary out put
c What is the HTB2 block report filename? > BREBL. BLK
d The report file contains data froma run on
e PCDCS HTB2 v1.9 1/ 2/1991 11:12
f BRE bungal ow test 1

g BRE type bungal ow

h full systens

i Further run infornation is contained in

j BREBL. | NF

Data starts on 8/ 1/1990 1: 0: O

Do you want to continue with this report file ? [Y/N Y

What is the required output filenane?> BREBL. TBL

you want the information file at the top of the output ? [YN N

you want period sub-totals/averages ? [Y/ N N

you want to restrict output/averageing to set tines ? [Y/N] N

you want only total/subtotals printed ? [Y/N| N

you want max/mns printed ? [Y N N

you want paged output format ? [Y/N Y

w -S0o0T OS3 T X
FEEEEY
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t You may either request output for a single space

u or for a nunmber of spaces aggregated.

v How many spaces do you want ?

w 1

X Whi ch space do you require?: -3 through 2 avail able
y 1

z Current tinme of processing; enter new val ues as appropri ate:
aa Starting on: day nonth year, output for n days

ab 8 1 1990 1

ac 8,,1990,1

ad Current tinme of processing; enter new val ues as appropriate:
ae Starting on: day nonth year, output for n days

af 8 1 1990 1

ag " EOD"

ah You may either request output for a single space

ai or for a nunmber of spaces aggregated.

aj How many spaces do you want ?

ak " EOD"

al Do you want period sub-totals/averages ? [Y/N "EQD"

am What is the HTB2 bl ock report filename? > "EOD"

an

ao Stop - Program terninated.

ap

aq A >

a start the htable programme from the system prompt.

c user enters the name of the input file, the file produced by the block report routine during an HTB2 run. Note
that some systems, i.e. UNIX, are case sensitive, and the file name must be entered correctly. The programme may
be safely quit or stopped at this point by entering an EOD code.

d-k  theprogramme echosthetime-stamp, and identification strings of the run, as contained in the Report file.

I the user decidesto continue ("Y") with thisfile or to skip backward to pointc ("N") perhapsto select anew
file. Thedefaultis"N".

m for each new input file, anew output fileis produced. The user must enter avalid namefor that file here. If a
name of afilethat already existsisgiven, that filewill be over-written (without warning). Thereisno default.
"EOD" returnsto point c.

n-s  configurethe output format, specifying the type and amount of information to be output.

n lines e-h are normally prefixed to the output file ("N"), if required the contents of the Info fileinitsentirety
may be prefixed to the output ("Y"). Thedefaultis"N". "EOD" returnsto point m.

o] the input records are normally printed asthey are read ("N"), Optionally these records may be sub-totalled,
and extradataoutput at regular intervals ("Y"). If thisoptionischosen, afurther question requests the sub-totalling
interval (anumeric : as numbers of output intervals). For instance, to produce daily averages/totalswith the standard
hourly report, enter "Y", then "24". Thedefaultis"N". "EOD" returnsto point n.

p all input records are normally printed asthey areread ("N"). Optionally only those records that fall withina
given timewindow will be printed (and if sub-totalling is enabled, will be sub-totalled) ("Y"). If thisoptionis
chosen, afurther question requests the starting and stopping times (in whole hours) of the window to includein the
processing. For instanceto print only recordsfrom 9 AM to 5 PM, enter "Y" then 9, 17. Notethat thisoptionis
only applicableif the reporting interval islessthan the required window, i.e. the windowing is not possible for a
Report output set to adaily rate. Thedefaultis"N". "EOD" returnsto point n.

a all input records are normally printed asthey areread ("N"). Optionally no input records will be printed, only
the sub-totalling records will be output (sub-totalling must be selected) ("Y™"). For instance, an hourly input file can
be printed as adaily average/total report. Thedefaultis"N". "EOD" returnsto point n.

r all input records are normally printed asthey areread ("N"). Optionally extrainformation for the maximum
and minimum values for temperatures and heating energy, within the report period, may also beprinted ("Y"). This
may be valuable information, but makes the table less readable. The defaultis"N". "EOD" returnsto point n.
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S Normally the output of the programme isformatted as a printabletable ("N"). Optionally the printout may be
madein aform suitable for importing into standard spreadsheet analysis programmes. Thedefaultis"N". "EOD"
returnsto pointn.

t-y  configure the space or spacesto be processed. The report table may be produced for a single space, or a
number of spaces aggregated. |f an aggregation is chosen a specifiable weighting is applied to each space to produce
weighted average temperatures/humidities. Energiesare aways summed.

u the user selects the number of spacesto aggregate. If only asingle spaceisto bereported, 1 is entered.
Thereisno default value. "EOD" returnsto point o.

y the code index of the space(s) required are entered here. Theindex isthe position of the space in the Building
file declaration, and as used in the Layout file. Space names are not currently recognised. Output of Meteorological
information may be achieved through entering space 0 (note space 0 may not be aggregated with other spaces). If an
aggregation has been chosen, aweighting factor is also entered with the space code, and anewlineisrequired for
every spacein the aggregation. For instance a 3 space aggregation might be:-

1, 10.0
2,50
5, 1.0

Note that the weightings are automatically normalised to atotal of 1.0, i.e. in the above example, the actual
weightings would be 0.625, 0.3125, 0.0625 respectively. There are no defaults for spaces or weightings. "EOD"
returnsto pointv.

zac select the starting date, and duration in days, of thereport table. Initialy the default isthe start of the data, for
a1 day report.

ac  Thedefault starting dateis displayed. Thismay be accepted in its entirety without re-typing by entering a"/",
aternatively individual components may be accepted by skipping theitem with commas (this operation isaFortran
"feature"). "EOD" returnsto pointt.

ad-aq Multiple passesthrough areport file are possible, with each pass appended to the output report. Thusa

number of individual spaces may be reported from the same date, for instance. In thiscase, "EOD" is repeatedly
entered to end the programme cleanly, and to return to the operating system.
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9.8 Postprocessor : ectable

Program name: ECTABLE.EXE

Description: The DOS post-processor ectableistext based, question_and answer driven
programme. It can be used on any machine or terminal.

This programme reads and trandlates the block Report file, formatting the datafor use asa printed table or asinput
to a spreadsheet programme. ectableis based on e ement classes, as defined in the Layout file. The table or data
resulting fromitsuseis essentially asummary of the surface heat flows of the classes defined for the run.

There are options availableto :-
select the starting date and duration of the report.
select the level of information produced in the report.
select the output format for the report.

CommandLine:  AttheDOS prompt:
ectable
There areno command line options.

User Interaction:  ectableisasimpletext based program. ectable promptsthe user for all required information,
through asimple question and answer interface. At several pointsin thisinterface the user may enter acodeto skip
backwardsto a previous point (eventually to EXIT the programme). This might be required to correct erroneous
inputs, for instance. Unfortunately, this code (which signals"END OF INPUT", and isusually acontrol-character)
issystem dependant.

The actual code required may be entered here:-
installation :- DOS UNI X VAX/ VB
EOD code D - NZ D (i.e. control+D) NZ

Theinterfaceisillustrated below, using the datafile produced by the Brebungl test run, discussed in chapter 8. A
DOS version of the programme was used for thisdiscussion. The user inputs are highlighted inbold.

Notethat " EOD" isthe end of datacode, typically (control+Z) or (control+D), it is not meant to be entered
verbatim.

>ect abl e
ELEMENT CLASS TABLE - fixed format report of HTB2 class summary out put
VWhat is the HTB2 block report filename? > BREBL. BLK
The report file contains data froma run on
SUNos4 HTB2 v1.9 Fri May 15 10:10:45 1992
BRE bungal ow test 1
BRE type bungal ow
full systens
Further run information is contained in
BREBL. | NF

Data starts on 8/ 1/1990 1: 0: O
Do you want to continue with this report file 2 [YYNY
Vhat is the required output filename?>BREB1. TBE
Do you want the information file at the top of the output ? [Y/ NN
Do you want period sub-totals/averages ? [Y/N'Y
enter subtotalling period (in records) ?24
Do you want to restrict output/averageing to set times ?2 [Y/ NN
Do you want only total/subtotals printed 2 [Y/N'Y
Do you want paged output format ? [Y/NY
Current tinme of processing; enter new val ues as appropriate:
Starting on: day nonth year, output for n days
/ 8 1 1990 1

Current tinme of processing; enter new val ues as appropriate:

“<><§<C""(n".Q'OODB_W‘_'_'I(Q_"‘CDQ.OCTQJ
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z Starting on: day nonth year, output for n days

aa 8 1 1990 1

ab “EQD"

ac Do you want period sub-total s/averages ? [Y/ N “EQOD’
ad VWhat is the HTB2 block report filename? > “EQD’

ae

af >

notes:

a start the ectable programme from the system prompt.

c user enters the name of the input file, the file produced by the block report routine during an htb2 run. Note
that some systems, i.e. UNIX, are case sensitive, and the file name must be entered correctly. The programme may
be safely quit or stopped at this point by entering an EOD code.

d-j  theprogramme echosthetime-stamp, and identification strings of the run, as contained in the Report file.

m the user decidesto continue ("Y") with thisfile or to skip backward to pointc ("N") perhapsto select anew
file. Thedefaultis"N".

n for each new input file, anew output fileis produced. The user must enter avalid namefor that file here. If a
name of afilethat already existsisgiven, that filewill be over-written (without warning). Thereisno default.
"EOD" returnsto point c.

ot  configurethe output format, specifying the type and amount of information to be outpuit.

o] lines e-h are normally prefixed to the output file ("N"), if required the contents of the Info fileinitsentirety
may be prefixed to the output ("Y"). The defaultis"N". "EOD" returnsto point c.

p-g theinput recordsare normally printed asthey areread ("N"), Optionally these records may be sub-totalled,
and extradataoutput at regular intervals ("Y"). If thisoptionischosen, afurther question requests the sub-totalling
interval (anumeric : as numbers of output intervals). For instance, to produce daily averages/totalswith the standard
hourly report, enter "Y", then "24". Thedefaultis"N". "EOD" returnsto point c.

r al input records are normally printed asthey areread ("N"). Optionally only those records that fall withina
given timewindow will be printed (and if sub-totalling is enabled, will be sub-totalled) ("Y"). If thisoptionis
chosen, afurther question requests the starting and stopping times (in whole hours) of the window to includein the
processing. For instanceto print only recordsfrom 9 AM to 5 PM, enter "Y" then 9, 17. Notethat thisoptionis
only applicableif the reporting interval islessthan the required window, i.e. the windowing isnot possible for a
Report output set to adaily rate. Thedefaultis"N". "EOD" returnsto point p.

S all input records are normally printed asthey areread ("N"). Optionally no input records will be printed, only
the sub-totalling records will be output (sub-totalling must be selected) ("Y™"). For instance, an hourly input file can
be printed as adaily average/total report. Thedefaultis"N". "EOD" returnsto point p.

t Normally the output of the programme isformatted as a printabletable ("N"). Optionally the printout may be
made in aform suitable for importing into standard spreadsheet analysis programmes. Thedefaultis"N". "EOD"
returnsto pointp.

u-x  select the starting date, and duration in days, of the report table. Initially the default isthe start of the data, for
alday report. All classes contained in the report will be processed.

w The default starting date is displayed. Thismay be accepted in its entirety without re-typing by enteringa"/",
aternatively individual components may be accepted by skipping theitem with commas (this operation isaFortran
"feature"). "EOD" returnsto point p.

y-af  Multiple passes through areport file are possible, with each pass appended to the output report. Thusa

number of individual spaces may be reported from the same date, for instance. In thiscase, "EOD" is repeatedly
entered to end the programme cleanly, and to return to the operating system.
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9.9 Postprocessor : ptable

Program name: PTABLE.EXE

Description: The DOS post-processor ptableis atext based, question_and _answer driven
programme. It can be used on any machine or terminal.

This programme reads and translates the element Profile file, formatting the datafor use as a printed table or asinput
to a spreadsheet programme. ptableisbased on elements. Thetable or dataresulting fromitsuseis essentialy a
summary of the surface conditionsand internal state of an element.

There are options availableto :-
select the element on which to operate.
select the starting date and duration of the report.
select the level of information produced in the report.
select the output format for the report.

CommandLine:  attheDOS prompt;

ptable
There areno command line options.
User Interactions: ptableisasimpletext based program. ptable promptsthe user for all required information,
through asimple question and answer interface. At several pointsin thisinterface the user may enter acodeto skip
backwardsto a previous point (eventually to EXIT the programme). This might be required to correct erroneous

inputs, for instance. Unfortunately, this code (which signals"END OF INPUT", and isusually acontrol-character)
issystem dependant.

The actual code required may be entered here:-
installation :- DOS UNI X VAX/ VB
EOD code D - NZ D (i.e. control+D) NZ

Theinterfaceisillustrated below, using the datafile produced by the Brebungl test run, discussed in chapter 8. A
DOS version of the programme was used for thisdiscussion. The user inputs are highlighted inbold.

Notethat " EOD" isthe end of datacode, typically (control+Z) or (control+D), it is not meant to be entered
verbatim.

This procedure produces the formatted file BREB1.PPP, described in chapter 8.

> ptabl e
PROFI LE FORVATTER - fixed format el ement report of HTB2 profile output
VWhat is the HTB2 profile report filename? >BREBL. PRF
The report file contains data froma run on
SUNos4 HTB2 v1.9 Fri May 15 10:10:45 1992
BRE bungal ow test 1
BRE type bungal ow
full systens
Further run information is contained in
BREBL. | NF

Data starts on 8/ 1/1990 1: 0: O
Do you want to continue with this report file 2 [YYNY
Vhat is the required output filename?>BREB1. PPP
Do you want the information file at the top of the output ? [Y/N N
Do you want conpl ete node data (or just surfaces)? [Y/N] 2 [Y/NY
Do you want paged output format ? [Y/N'Y
VWhat element? [nun] or ? >1
Current tinme of processing; enter new val ues as appropriate:
Starting on: day nonth year, output for n days

8 1 1990 1

<C""(/7".Q'0033_W'_'_'3(Q_"‘CDQ.OCTQJ
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w Current tinme of processing; enter new val ues as appropriate:
X Starting on: day nonth year, output for n days
y 8 1 1990 1
Z " Ew’i
aa Vhat element? [nuni or ? >"EQD’
ab Do you want conpl ete node data (or just surfaces)? [Y/N 2 [Y/ N“EQD’
ac VWhat is the HTB2 profile report filename? >“ EQD’
ad
ae >
notes.

a start the ptable programme from the system prompt.

c user enters the name of the input file, the file produced by the profile report routine during an htb2 run. Note
that some systems, i.e. UNIX, are case sensitive, and the file name must be entered correctly. The programme may
be safely quit or stopped at this point by entering an EOD code.

m the user decidesto continue ("Y") with thisfile or to skip backward to point ¢ ("N") perhapsto select anew
file. Thedefaultis"N".

n for each new input file, anew output fileis produced. The user must enter avalid namefor that file here. If a
name of afilethat already existsisgiven, that filewill be over-written (wthout warning). Thereisno default.
"EOD" returnsto point c.

0-g configurethe output format, specifying the type and amount of information to be outpuit.

o] lines e-h are normally prefixed to the output file ("N"), if required the contents of the Info fileinitsentirety
may be prefixed to the output ("Y"). The defaultis"N". "EOD" returnsto point c.

p generally only the datafor the surfaces of the element are printed ("N"), optionally the entire record,
detailing the temperatures and heat fluxes at pointsthrough the element are also printed ("Y"). Thedefaultis"N".
"EOD" returnsto point c.

a Normally the output of the programme isformatted as a printabletable ("N"). Optionally the printout may be
made in aform suitable for importing into standard spreadsheet analysis programmes. Thedefaultis"N". "EOD"
returnsto pointp.

r the user selects the number code of the element to process. A list of the elementsrecorded in thefileis
available by entering a"?" at thispoint. Only asingle element may be tabled at onetime. Thereisno default value.
"EOD" returnsto point p.

sv  sdlect the starting date, and duration in days, of the report table. Initialy the default isthe start of the data, for
a1 day report.

u The default starting date is displayed. Thismay be accepted in its entirety without re-typing by enteringa"/",
aternatively individual components may be accepted by skipping theitem with commas (this operation isaFortran
"feature”). "EOD" returnsto pointr.

w-ae Multiple passes through areport file are possible, with each pass appended to the output report. Thusa

number of individual spaces may be reported from the same date, for instance. In thiscase, "EOD" is repeatedly
entered to end the programme cleanly, and to return to the operating system.
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9.10 Postprocessor : Itable
Program Name: LTABLE.EXE

Description: The DOS post-processor Itableis atext based, question_and_answer driven programme. It can be
used on any machineor terminal.

This programme reads and translates the L ogger file, formatting the datafor use asaprinted table or asinput to a
spreadsheet programme. Itableisbased on events. Thetable or dataresulting fromitsuseisessentially atime-
seriesrecord of the state of asingleitem.

There are options availableto :-
select the event and item on which to operate.
select the starting date and duration of the report.
select the output format for the report.

CommandLine: atthe DOS prompt;
[table
There areno command line options.

User Interaction: ltableisasimpletext based program. Ltable promptsthe user for al required information,
through a simple question and answer interface. At several pointsin thisinterface the user may enter acodeto
skip backwardsto a previous point (eventually to EXIT the programme). Thismight be required to correct
erroneousinputs, for instance. Unfortunately, this code (which signals"END OF INPUT", andisusually a
control-character) issystem dependant.

The actual code required may be entered here:-
installation :- DOS UNI X VAX/ VB
EOD code D - NZ D (i.e. control+D) NZ

Theinterfaceisillustrated below, using the datafile produced by the Brebungl test run, discussed in chapter 8. A
DOS version of the programme was used for thisdiscussion. The user inputs are highlighted inbold.

Notethat " EOD" isthe end of datacode, typically (control+2Z) or (control+D), it is not meant to be entered
verbatim.

This procedure produces the formatted file BREB1.LLL, described in chapter 8.

>l tabl e

LOGGER FORVMATTER 1.9 - fixed format event report of HIB2 | ogger out put
Vhat is the HTB2 | ogger report filename? >BREB1. LGR

The report file contains data froma run on

SUNos4 HTB2 v1.9 Fri May 15 10:10:45 1992

BRE bungal ow test 1

BRE type bungal ow

full systens

Further run information is contained in
BREBL. | NF

Data starts on 8/ 1/1990 0: 1:30
Do you want to continue with this report file 2 [YYNY
VWhat is the required output filename?>BREB1. LLL
Do you want the information file at the top of the output ? [Y/ NN
Do you want paged output format ? [Y/N'Y
VWhat event data type? [numi or 21
VWhat index? [nuni or ? >1
Current start time ; enter new val ues as appropriate:
Starting on: day nonth year, output for n days
8 1 1990 1

<C""(/7".Q'0033_W'_'_'3(Q_"‘CDQ.OCTQJ
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w Current start time ; enter new val ues as appropri ate:
X Starting on: day nonth year, output for n days
y 8 1 1990 1
Z “ Ew’i
aa VWhat event data type? [nunmi or ?“EQD’
aa Do you want paged output format ? [Y/N“EQD’
ab VWhat is the HTB2 | ogger report filename? >*EQD’
ac
ad >
notes.

a start the Itable programme from the system prompt.

c user enters the name of the input file, the file produced by the logger routine during an htb2 run. Note that
some systems, i.e. UNIX, are case sensitive, and the file name must be entered correctly. The programme may be
safely quit or stopped at this point by entering an EOD code.

d-j  theprogramme echosthetime-stamp, and identification strings of the run, as contained in the Logger file.

I the user decidesto continue ("Y") with thisfile or to skip backward to pointc ("N") perhapsto select anew
file. Thedefaultis"N".

m for each new input file, anew output fileis produced. The user must enter avalid namefor that file here. If a
name of afilethat already existsisgiven, that filewill be over-written (wthout warning). Thereisno default.
"EOD" returnsto point c.

n-u  configurethe output format, specifying the type and amount of information to be output.

n lines e-h are normally prefixed to the output file ("N"), if required the contents of the Info fileinitsentirety
may be prefixed to the output ("Y"). The defaultis"N". "EOD" returnsto point c.

o] Normally the output of the programme isformatted as a printabletable ("N"). Optionally the printout may be
made in aform suitable for importing into standard spreadsheet analysis programmes. Thedefaultis"N". "EOD"
returnsto pointc.

p the user selects the number code of the event to process. An event is, for instance " Space Air Temperature'.
A list of the eventslogged in the fileis available by entering a"?" at this point. Only asingle event may be tabled at
onetime. Thereisno default value. "EOD" returnsto point o.

a the user selects the code index of the item required (i.e. the space number, or element number as appropriate)
withinthe event. That is several spaces may have been recorded under the " Space Air Temperature” event.
Unfortunately, in the current release, thereis no help asto selection of these index codes, they must be related to
those defined in the Building and Layout files, for instance. There are no defaults. "EOD" returnsto point p.

r-u select the starting date, and duration in days, of the report table. Initially the default isthe start of the data, for
a1 day report.

t The default starting date is displayed. Thismay be accepted in its entirety without re-typing by enteringa"/",
aternatively individual components may be accepted by skipping theitem with commas (this operation isaFortran
"feature"). "EOD" returnsto point p.

v-ad Multiple passes through areport file are possible, with each pass appended to the output report. Thusa
number of individual spaces may be reported from the same date, for instance. In thiscase, "EOD" is repeatedly
entered to end the programme cleanly, and to return to the operating system.



9.11 OTHER MIsCELLANEOUS UTILITIES

Other utilities are available with thisrelease of HTB2. These are programmesthat areirregularly required, generaly
for the trandlation of one dataformat to another. They can be obtained from WSA on request.

The utilities provided fall into three categories, materials, output conversion, and meteorological conversion.
9.11.1 Materials Conversion
The standard materiaslibrary used by HTB2 isadirect formatted ASCI| file. Assuchit is not possible to directly
alter that file through asimple editor or word processor. The utility makmat is provided to translate an ordinary
text fileinto an HTB2 materialslibrary file, so that alterations or additions may be made to the materialslibrary.
makmat has no command line options, and does not interact directly with the user. It searchesfor thetext file
STDMAT.TXT in the current directory, and producesan HTB2 library file STDMAT.LBY inthat directory. An
existing STDMAT.LBY filewill be completely over-written.

Thefile STDMAT.TXT must bein the following format;

MATERI ALS PROPERTI ES FI LE - STANDARD - nov/ 84

code material nane conductivity density spec. heat
Wn C Kg/ nB J/ Kg/ C
1 ‘BRICK (OQUTER LEAF)’ 0. 840 2000.0 680. 0
2 ‘BRICK (I NNER LEAF)’ 0. 620 1800.0 840.0
3 ‘BREEZE BLOCK 0. 440 1500. 0 650. 0
4 ' VERM CULI TE | NSULATI NG BLOCK’' 0. 270 700.0 837.0
5 * ASBESTCS CEMENT 0. 500 1500. 0 1000.0
6 ' ASBESTOS CEMENT SHEET’ 0. 360 700.0 1050.0
7 ‘BITUMEN FELT 0. 500 1700.0 1000.0
8 ‘ROOFI NG FELT 0. 190 960. 0 837.0
9 ‘' MASTI C ROOFI NG 1. 150 2325.0 1946. 0
10 ‘ CONCRETE (HEAVY M X)' 1.400 2100.0 653.0
11 ‘ CONCRETE (LIGHT M X)’ 0. 380 1200.0 653. 0

Eachlineisat most 80 characterslong. Thefirst four lines may contain any information, but most usefully a header
similar to above. The actual materials definitions start online 5, and extend for as many materials as desired. Note
that only one such library is available to each run of HTB2 ( the users materialsfileisadifferent format) and so
should contain the materials most likely to be repetitively used. The materials datais provided as conductivity (W/
m/°C), density (Kg/m?), and specific heat capacity (JKg/°C). The numerical datamust start at character position 37
and be contained in three 12 character wide columns. Thefirst 36 characters of each line areignored by HTB2, and
can therefore be used for information and labels. The material propertiesin thelibrary are accessed by the position
inthefile (thefirst material being found at line 5, the 10" at line 14 etc.), not by aindex code typed within thefile.

9.11.2 Input Conversion

There have been considerable changesin the HTB2 dataformats since theinitial release 1. There are available
simpletranglator programsto alter the original HTB2r1 services datafilesinto the newer format. Thesetrandators
will not berequired by userswith HTB2 release 1.9 or greater.

9.11.3 Output Conversion

It can be useful to have HTB2 working on one (hopefully) high-powered computer, while analysis and reporting are
done on another. For instance the simulation may be carried out on adistant mainframe, and the analysison a
desktop PC communicating viaanetwork. However, various computers have different methods for storing
numerical informationin files. This can prevent the resultsfile form one machine being analysed on another. The
output files of HTB2 are formatted in such away that atransation can often be achieved.

The HTB2 run log, and info output files are simple ASCI| text files, and should transfer readily between machines.
The standard output formats for the block Report, Profile, and Logger fileswill generally requiretrandation. The
utility convout is provided which enables translation between VAX or UNIX systems, and PCs. The source code of
the programme should provide amodel for translation to other systems.
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convout has no command line arguments. It has asimple question and answer interface. It requiresthe name of the
input file to translate and the of the output pc format fileto produce. It also requires whether the input file contains
Report, Profile, or Logger data, and whether the file was produced on aVAX or UNIX system. Trandationis
provided in one direction only, to a PC.

9.11.4 Meteorological Conversion
Meteorological datacan be acquired in many formats. These utilitiestranslate some common formatsinto that
understood by HTB2. Most of these utilities have arisen out of a particular need. They have not all been well tested
and are provided as-is. Itishoped that they will provide auseful starting point for individual requirements.
All these utilities assume hourly input datain ASCI| text files, 1 line per hour.
Theutilitiessupplied are:-
methtbl - translates from the original HTB2 release 1 format.
metmon2 - translates from commonly monitored meteorol ogical data;
date, external dry bulb, wind speed and direction, global horizontal solar irradiation. It determines
other solar parameters from the site location and the date and time of day.
metcib2 - trandlates from a CIBSE example year format;
external dry and wet bulb, global horizontal, global diffuse and direct normal solar irradiations, cloud

index, wind speed and direction, pressure and date.

mettry2 - tranglates from atype 4 "Test Reference Y ear" tape format;
direct normal and global horizontal solar irradiations, external dry bulb, dew point, and wind speed.

mettmy?2 - translatesfrom atype 1 "Test Mean Y ear" tape format;
direct normal and global horizontal solar irradiations, external dry bulb, dew point, and wind speed.

methoyt - trand ates from a"tenf" tape format, calculating solar data from algorithms attributed to Hoyt;

date, external dry bulb, humidity, wind speed, and global horizontal solar irradiation.
direct normal and global horizontal solar irradiations, external dry bulb, dew point, and wind speed.
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APPENDIX A

BREBUNGL DATA SET

This appendix contains a listing of the complete set of files for the test BREBUNGL simulation (apart from
the lengthy meteorological data file).

Al

THE TOP-LEVEL FILE : BREBUNGL.TOP

* Top top evel file for bre bungal ow
I'RUNI D BRE bungal ow test 1, v2.0 standard

* configure nodel...
I ENABLE STANDARD SETUP

*

I ENABLE GROUND TEMP CALCS
I'SET GROUND FACTOR = 0. 001

cal c ground tenp

* set up run paraneters
I' SET TI MESTEP = 90.0
I' SET RUNLENGTH = 010, 00

* all ow 1st 3 days for

* chose output files and data
I QUTPUT | NFO = ‘ BREBa. | NF’
I QUTPUT BLOCK FILE = ‘ BREBa. BLK

* connect to further files

| DEFI NE BUI LDI NG FI LE = ‘* BREBUNGL. BLD
| DEFI NE SERVI CES FI LE = ‘ BREBUNGL. SRV
| DEFI NE DI ARY FI LE = ‘ BREBUNGL. DYL’

| DEFI NE METEOR FI LE = * JANTEST. MET’
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THE BUILDING FILE : BREBUNGL .BLD

I PROJECTI D BRE type bungal ow
I'LOCATION = 51.5 0.3
IDEFINE SPACE = ‘1 -living area
I'VOLUME = 148.0

$POSITION X = 288 Y = 234

$I CON = 305
I END
I DEFI NE SPACE = *2 -loft’
I'VOLUME = 70.0
$POSI TION X = 444 Y = 231
$I CON = 305
I END

I MATERI ALS FI LE = ' STDVAT. LBY’
I CONSTRUCTI ON FI LE = ‘ BREBUNGL. CON
I'LAYQUT FI LE = ‘ BREBUNGL. LAY’

THE CONSTRUCTION FILE: BREBUNGL .CON

* construction definition file for bre bungal ow
* uses user defined materials I|ist

I MATERI ALS USER FI LE = * BREMATS. LBY’

* and standard library

I CONSTRUCTI ON ‘1 external cavity wall’

I TYPE OPAQUE

I PARTS

* part mat eri al wi dt h slices

* . . .

_1 = @ 0. 105 0 * brick outer
_ 2 = -1 0. 065 0 * nornmal cavity
_ 3 = @ 0. 105 0 * brick inner
_ 4 = @B 0. 016 0 * plaster

}

I END

I CONSTRUCTI ON * 2 single glazing’

I TYPE TRANSPARENT

I PARTS

* part mat eri al wi dt h slices absorp

* . . . .

_1 = 65 0. 006 0 1.00 * wi ndow gl ass
}

I END

I CONSTRUCTION ‘3 solid ground floor *

I TYPE OPAQUE

I PARTS

* part mat eri al wi dt h slices

* . . .

_1 = @.o 0. 015 0 * car pet

_ 2 = @i 0. 100 0 * concrete
3 = @2 1. 600 0 * earth

}

I END
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I CONSTRUCTION ‘4 internal ceiling

I TYPE OPAQUE

| PARTS

* part mat eri al wi dt h slices
* . . .

1 = @ 0. 100 0
2 = @ 0. 010 0

}

I END

I CONSTRUCTI ON ‘5 roof

I TYPE OPAQUE

| PARTS

* part mat eri al wi dt h slices
* . . .

1 = @B 0. 010 0

}

I END

I CONSTRUCTION ‘6 internal partition’

I TYPE OPAQUE

| PARTS

* part mat eri al wi dt h slices
* . . .

1 = @ 0.016 0
2 = @ 0. 105 0
_ 3 = @3 0.016 0

}

I END

* wi ndow type definitions

'WNDOW = ‘ 6MVFLOAT
I TRANSM SSI ON =

* 0k X

* insulation quilt
* pl ast erboard

tiles

pl aster
brick (inner)
pl ast er

0.64 , 0.80, 0.80, 0.80, 0.80, 0.78, 0.75, 0.71, 0.60, 0.36, 0.0

I ABSORPTI ON =

0.134 , 0.12, 0.12, 0.12, 0.12, 0.14, 0.14, 0.14, 0.14, 0.15, 0.15

I END
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A4 THELAYOUT FILE: BREBUNGL.LAY

ELEMENT = ‘1 south wall’
I CONSTRUCTI ON = 1

'AREA = 16.3
' ORI ENTATION = 0.0
ITILT = 0.0

' GROUND REFL = 0.2

I SPACE TO FIRST = 0

I SPACE TO LAST =1

' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5

ICLASS = 1
$POSI TION X = 105 Y = 61
$I CON = 306

$EXTERNALPCS X = 31 Y = 214

I END

ELEMENT = ‘2 south w ndows’
I CONSTRUCTI ON = 2

I'AREA = 6.6
ORI ENTATION = 0.0
ITILT = 0.0

I GROUND REFL = 0.2

' SPACE TO FIRST = 0

I SPACE TO LAST =1

' ABSORPTI ON FIRST = 0.8

' ABSORPTI ON LAST = 0.5

' WNDOW TYPE = ‘ 6MVFLOAT’
I PATCH TO #8 FIRST = 1. 00

I'CLASS = 2
$POSI TION X = 98 Y = 202
$I CON = 307

$EXTERNALPCS X = 31 Y = 214

I END

ELEMENT = ‘3 east wal |’
I CONSTRUCTI ON = 1

'AREA = 15.9
I ORI ENTATION = 270.0
ITILT = 0.0

I GROUND REFL = 0.2

' SPACE TO FIRST = 0

I SPACE TO LAST =1

' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5

ICLASS = 1
$POSI TION X = 261 Y = 73
$I CON = 306

$EXTERNALPCS X = 306 Y = 28

I END

ELEMENT = ‘4 north wall’
I CONSTRUCTION = 1

I'AREA = 14.0
I ORI ENTATI ON = 180.0
ITILT = 0.0

I'GROUND REFL = 0.2
I SPACE TO FIRST = 0

A-4



I SPACE TO LAST =1
' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5

ICLASS = 1
$POSI TION X = 78 Y = 306
$1 CON = 306

$EXTERNALPCS X = 31 Y = 214
I END

I ELEMENT = ‘5 south w ndows’
I CONSTRUCTI ON = 2

'AREA = 9.0
I ORI ENTATI ON = 180.0
ITILT = 0.0

' GROUND REFL = 0.2
I SPACE TO FIRST = 0
I SPACE TO LAST =1
' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5
' WNDOW TYPE = ‘ 6MVFLOAT
I PATCH TO #8 FIRST = 1. 00
I'CLASS = 2
$POSITION X = 96 Y = 125
$I CON = 307
$EXTERNALPCS X = 31 Y = 214
I END

FPELEMENT = * 6 west wal |’
I CONSTRUCTION = 1

'AREA = 14.9
I ORI ENTATION = 90.0
ITILT = 0.0

I GROUND REFL = 0.2

I SPACE TO FIRST = 0

I SPACE TO LAST =1

' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5

ICLASS = 1
$POSI TION X = 340 Y = 81
$I CON = 306

$EXTERNALPCS X = 306 Y = 28
I END

I ELEMENT = ‘7 west w ndows’
I CONSTRUCTI ON = 2

'AREA = 1.0
I ORI ENTATION = 90.0
ITILT = 0.0

I GROUND REFL = 0.2
I'SPACE TO FIRST = 0
I SPACE TO LAST =1
' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.5
' WNDOW TYPE = ‘ 6MVFLOAT’
I PATCH TO #8 FIRST = 1. 00
I'CLASS = 2
$POSI TION X = 414 Y = 101
$I CON = 307
$EXTERNALPCS X = 306 Y = 28
I END
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I ELEMENT = * 8 ground fl oor’
I CONSTRUCTION = 3
I AREA = 66.0
ITILT = 90.0
I GROUND REFL = 0.2
I SPACE TO FIRST = 1
I SPACE TO LAST = 0
I ABSORPTI ON FIRST = 0.8
I ABSORPTI ON LAST = 0.5

I'CLASS = 3
$POSI TION X = 277 Y = 320
$I CON = 306

$EXTERNALPCS X = 288 Y = 380
I END

ELEMENT = *9 ceiling
I CONSTRUCTI ON = 4
' AREA = 66.0
ITILT = 90.0
I GROUND REFL = 0.2
I SPACE TO FIRST = 2
I SPACE TO LAST =1
I ABSORPTI ON FIRST = 0.8
I ABSORPTI ON LAST = 0.5

ICLASS = 4
$POSI TION X = 380 Y = 236
$1 CON = 306

I END

I ELEMENT = ' 10 sout h roof’
I CONSTRUCTION = 5

'AREA = 28.0
' ORI ENTATION = 0.0
ITILT = 50.0

' GROUND REFL = 0.2
I'SPACE TO FIRST = 0

I SPACE TO LAST = 2

' ABSORPTI ON FIRST = 0.8
' ABSORPTI ON LAST = 0.8

ICLASS = 4
$POSI TION X = 568 Y = 334
$1 CON = 306

$EXTERNALPCS X = 681 Y = 234
I END

| ELEMENT = ' 11 east roof’
I CONSTRUCTION = 5

'AREA = 15.0
I ORI ENTATION = 270.0
ITILT = 52.0

' GROUND REFL = 0.2

I SPACE TO FIRST = 0

I SPACE TO LAST = 2

' ABSORPTI ON FIRST = 0.8
I ABSORPTI ON LAST = 0.8

ICLASS = 4
$POSI TION X = 567 Y = 269
$1 CON = 306

$EXTERNALPCS X = 681 Y = 234
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I END

I ELEMENT = ' 12 north roof’
I CONSTRUCTION = 5

'AREA = 28.0
I ORI ENTATION = 180.0
ITILT = 50.0

I GROUND REFL = 0.2
I'SPACE TO FIRST = 0

I SPACE TO LAST = 2

' ABSORPTI ON FIRST = 0.8
I ABSORPTI ON LAST = 0.8

ICLASS = 4
$POSI TION X = 568 Y = 201
$I CON = 306

$EXTERNALPCS X = 681 Y = 234
I END

I ELEMENT = ' 13 west roof’
I CONSTRUCTION = 5

I'AREA = 15.0
I ORI ENTATION = 90.0
ITILT = 52.0

I'GROUND REFL = 0.2
I'SPACE TO FIRST = 0

I SPACE TO LAST = 2

' ABSORPTI ON FIRST = 0.8
I ABSORPTI ON LAST = 0.8

ICLASS = 4
$POSI TION X = 578 Y = 144
$I CON = 306

$EXTERNALPCS X = 681 Y = 234
I END

IELEMENT = " 14 internal partiti’
I CONSTRUCTION = 6

IAREA = 23.0

ITILT = 0.0

I GROUND REFL = 0.2

I SPACE TO FIRST = 1

I SPACE TO LAST =1

I ABSORPTION FIRST = 0.8

I ABSORPTI ON LAST = 0.8

ICLASS = 4
$POSI TION X = 410 Y = 346
$I CON = 306

I END



A5 THE MATERIALSFILE: STDMAT.LBY

MATERI ALS PROPERTI ES FI LE - STANDARD - nov/ 84

190 700.
150 560.
060 186.
060 160.
040 160.

2390.
2500.
1360.
2500.
1360.

49 ‘OAK (radial)’
50 * PLYWOOD

51 ‘W LTON CARPET’

52 * SYNTHETI C CARPET’
53 ‘WOOL FELT UNDERLAY’

code material nane conductivity density spec. heat
wWnC Kg/ nB J/ Kg/ C
1 ‘BRICK (QUTER LEAF)’ 0. 840 2000.0 680.0
2 ‘BRICK (I NNER LEAF)’ 0. 620 1800.0 840.0
3 ‘' BREEZE BLOCK 0. 440 1500. 0 650. 0
4 ‘' VERM CULI TE | NSULATI NG BLOCK 0. 270 700.0 837.0
5 * ASBESTCS CEMENT’ 0. 500 1500. 0 1000.0
6 ‘ ASBESTOS CEMENT SHEET 0. 360 700.0 1050.0
7 ‘BITUMEN FELT 0. 500 1700.0 1000.0
8 ‘ROOFI NG FELT 0. 190 960.0 837.0
9 *‘ MASTI C ROCFI NG 1.150 2325.0 1946.0
10 ‘ CONCRETE (HEAVY M X)'’ 1. 400 2100.0 653.0
11 * CONCRETE (LIGHT M X)’ 0. 380 1200.0 653.0
12 * AERATED CONCRETE 0. 160 500.0 840.0
13 ‘ AERATED CONCRETE BLOCK 0. 240 750.0 1000.0
14 * REFACTORY | NSULATI NG CONCRETE' 0. 250 10.0 837.0
15 * VERM CULI TE AGGREGATE CONCRETE’ 0.170 450.0 837.0
16 ‘LI GHT CONCRETE SCREED 0. 410 1200.0 840.0
17 * CAST CONCRETE SCREED 1. 280 2100.0 1007.0
18 ‘ GRANOLI THI C SCREED 0. 870 2085.0 837.0
19 ‘ WHI TE RENDER 0. 500 1300.0 1000.0
20 * CEMENT SCREED 1. 400 2100.0 650. 0
21 ‘ CLAY TILES 0. 850 1900.0 837.0
22 ‘ CONCRETE TILES 1.100 2100.0 837.0
23 ‘ SLATE TI LES 2. 000 2700.0 650. 0
24 ‘ PLASTIC TILES 0. 500 1050.0 837.0
25 ‘ RUBBER TI LES 0. 300 1600. 0 2000.0
26 ‘CORK TILES 0. 080 530.0 1800.0
27 ‘ ASPHALT/ ASBESTOS TI LES 0. 550 1900.0 837.0
28 ‘P.V.C./ ASBESTCS TILES 0. 850 2000.0 837.0
29 ‘CEILI NG TI LES M NERAL’ 0. 030 290.0 2000.0
30 ‘CEILING TI LES PLASTER 0. 380 1120.0 840.0
31 * SANDSTONE 1.830 2200.0 712.0
32 ‘GRANITE * 2.900 2650.0 900.0
33 ‘ MARBLE 2. 000 2500.0 880.0
34 ‘ PLASTER DENSE 0. 500 1300.0 1000.0
35 ‘ PLASTER LI GHT 0. 160 600. 0 1000.0
36 ‘ GYPSUM PLASTERBOARD 0. 190 950.0 840.0
37 ‘ PERLI TE PLASTERBOARD 0. 180 800.0 837.0
38 ‘ GYPSUM PLASTERI NG 0. 420 1200.0 837.0
39 ‘ PERLI TE PLASTERI NG 0. 080 400.0 837.0
40 ‘' VERM CULI TE PLASTERI NG 0. 200 720.0 837.0
41 ‘' WOOD BLOCK 0. 160 800.0 2093.0
42 * MEDI UM HARDBQARD * 0. 080 600. 0 2000.0
43 * STANDARD HARDBOARD 0.130 900.0 2000.0
44 'FIR (20% noi st)’ 0. 140 419.0 2720.0
45 ‘' FLOORI NG BOARD 0. 140 600. 0 1210.0
46 ‘' CORK BOARD 0. 040 160.0 1888.0
47 * CH PBOARD 0. 150 800.0 2093.0
48 ' WEATHERBQARD' 0. 140 650. 0 2000.0
0. 0 0
0. 0 0
0. 0 0
0. 0 0
0. 0 0
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54
55
56
57
58
59
60
61
62
63
64
65
66

‘ RUBBER UNDERLAY’
‘ UREA FORMALDEHYDE FOAM

* FI BREBOARD
“ VWOODWOAL!

“ GLASSWoOL!
‘ THERVALI TE

‘ POLYURETHANE FOAM BOARD

* Sl POREX
‘PVC

* PCLYSTYRENE'

‘C & CA POLYSTYRENE

“ W NDOW GLASS

‘ EARTH

THE MATERIALSUSERFILE:

1

0. 840 1700.0
2

0.62 1700.0
3

0. 26 800.0
4

0.16 950.0
5

0. 040 12.0

8

0.84 1900.0
10

0. 055 160.0
11

1. 40 2100.0
12

1.40 1900.0

* outer brick
800.0
* inner brick
800.0
* pl aster
1000.0
* pl ast erboard
840.0
*oquilt
840.0
* roofing tile
800.0
* car pet
1000.0
* concrete
840.0
* earth
1700.0
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. 100
. 030
. 060
. 100
. 040
. 030
. 030
. 120
. 160
. 030
. 040
. 050
. 280

400.0 1360.
30.0 1674.
300.0 1000.
500. 0 1000.
250.0 840.
753.0 837.
30.0 837.
550. 0 1004.
1379.0 1004.
25.0 1380.
13.6 1380.
2500. 0 750.
1460. 0 879.
BREMATS.LBY

ecNeoNeoNolololoNoNoNoNoNeNe)
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THE SERVICESFILE : BREBUNGL .SRV

* services file for bre bungal ow
I'SERVICEID full systens

I HEATI NG FI LE = * BREBUNGL. HTR

I'LI GHTI NG FI LE = ‘ BREBUNGL. LGTI”

I SMALL PONER FI LE = * BREBUNGL. SPW
I OCCUPANCY FI LE = ' BREBUNG.. OCC

' VENTI LATI ON FI LE = ' BREBUNG.. VNT’

THE HEATING FILE : BREBUNGL.HTR
I HEATSYS ‘ Li vi ng Space’

* heating systemfor bre bungalow , main space (1) only

* 7 kKW sinpl e convective heater

* 2 tine clock periods

* 190C set point
I POAER QUTPUT = 7.0

ISPLIT = 1.0 , 0.0 , 0.0

I CONVECTI VE CONNECTI ONS

#1 = 1.0

}

I CLOCK START TIME #1 = 06:00: 00 | mtwtf-- * weekday schedul e
ICLOCK STOP TIME #1 = 09:00:00 | ntwtf--

I CLOCK START TIME #1 = 08:00: 00 | ----- Ss * weekend schedul e
ICLOCK STOP TIME #1 = 23:00:00 | ----- ss

I CLOCK START TIME #2 = 16:00: 00 * both

I CLOCK STOP TIME #2 = 23:00: 00

| STAT TYPE | DEAL
| SETPOINT = 19.0
| STAT Al R CONNECTI ONS
_#1=1.0
}
| END
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THE LIGHTING FILE: BREBUNGL.LGT

I'LI GHTSYS ‘living space’

* sinmple clock controlled lighting circuit
I HEAT QUTPUT = 500.0
ISPLIT = 0.20 , 0. 80
I CONVECTI VE CONNECTI ONS
#1 = 1.0
}
I RADI ANT CONNECTI ONS
#1 = 1.0
}
* set up clock,
* 4 switched periods
* 1st on tinme depends on weekday/ end

I CLOCK START TIME #1 = 06:00:00 | nmtwtf--
I CLOCK START TIME #1 = 07:00:00 | ----- ss
ICLOCK STOP TIME #1 = 08:00:00 | ntwtfss
I CLOCK PROPORTI ON #1 1.0
* rest are for every day
I CLOCK START TI ME #2 = 08: 00: 00
I CLOCK STOP TIME #2 = 11:00: 00
I CLOCK PROPORTION #2 = 0.7
I CLOCK START TI ME #3 = 15: 00: 00
I CLOCK STOP TI ME #3 = 18: 00: 00
I CLOCK PROPORTION #3 = 0.7
I CLOCK START TI ME #4 = 18:00: 00
I CLOCK STOP TI ME #4 = 23:00: 00
I CLOCK PROPORTION #4 = 1.0
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Al10 THE OCCUPANCY

FILE : BREBUNGL.OCC

' OCCUPANCY SPACE =1
FACTIVITY LEVEL #1
FPACTIVITY LEVEL #2
FPACTIVITY LEVEL #3
F'SPLIT 0. 80
FINIFTIAL 0.0
I'CLOCK START TI ME #1
I'CLOCK STOP TI ME #1
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK
I CLOCK

I'END

OCCUPANCY #1
START TI ME #2
STOP TI ME #2

OCCUPANCY #2
START TI ME #3
STOP TI ME #3

OCCUPANCY #3
START TI ME #4
STOP TI ME #4

OCCUPANCY #4
START TI ME #5
STOP TI ME #5

OCCUPANCY #5

A1l THE SMALL POWERFILE::

ACTIVITY LEVE

ACTIVITY LEVE

ACTIVITY LEVE

ACTIVITY LEVE

ACTIVITY LEVE

50.0 , 0.0
90.0 , 0.0
150.0 , 0.0
0. 20

= 00: 00: 00
7:00: 00
1 1

I 1

0
#
4
= 07:00: 00
2:00: 00
2 2

I 1

1
#
2
12: 00: 00

8: 00: 00
3 2

I 1

1
#
1

18: 00: 00
3: 00: 00
4 2

I 1

2
#
4
= 23:00: 00
4:00: 00
5 1

I 1

2
#
4

I SVALL POAER “ TV
I HEAT QUTPUT = 15
F'SPLIT =

FI'NITIAL FRACTION = 1

0.0
0.6

BREBUNGL .SPW

, 0.4
.0

I CONVECTI VE CONNECTI ONS

1.0

#1

}
| RAD DI FFUSE

I' RADI ANT CONNECTI ONS

#1
}

| CLOCK START TIME #1

| CLOCK STOP TIME #1

1.0

08: 00: 00 |
10: 00: 00
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I'CLOCK START TI ME #2 = 18:00: 00

I'CLOCK STOP TI ME #2 = 19: 00: 00

I'CLOCK START TI ME #3 = 22:00: 00

I'CLOCK STOP TI ME #3 = 23:00: 00
I END

I SVALL POVER ‘ COCKER

I HEAT OUTPUT 1700.0

F'SPLIT 0.6 , 0.4
'I'NITIAL FRACTION = 1.0

I CONVECTI VE CONNECTI ONS

| ntwtfs-

#1 = 1.0
}
| RAD DI FFUSE
| RADI ANT CONNECTI ONS
#1 = 1.0
}
| CLOCK START TIME #1 = 08: 00: 00
| CLOCK STOP TIME #1 = 08: 15: 00
| CLOCK STOP TIME #1 = 09: 00: 00

| ------ S

I'CLOCK START TI ME #2 = 12:00: 00

I'CLOCK STOP TI VE #2
I'CLOCK STOP TI VE #2

2:30: 00
3:30: 00

11l
=

| ntwtfs-
| ------ S

I'CLOCK START TI ME #3 = 18:00: 00

I'CLOCK STOP TI ME #3 = 18:30: 00
I END

| SVALL POER * BACKGROUND
| HEAT OUTPUT = 150. 0
I SPLIT 0.6 , 0.4
IINITIAL FRACTION = 1.0
| CONVECTI VE CONNECTI ONS
#1 = 1.0
}
| RAD DI FFUSE
| RADI ANT CONNECTI ONS
#1 = 1.0
}

I'CLOCK START TI ME #1 = 00: 00: 00

I'CLOCK STOP TI ME #1 = 24:00: 00
I END
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Al12 THE VENTILATIONFILE :

1

kkkkhkkkhk*k

1

1.24
20.0

0.0

* ventilation description for

* si npl

BREBUNGL.VNT

e acr ventilation

* main space 1

, 0.0 * just

*

use infiltration rate

vent stat setting not used but

* | oft space 2

Al13 THE DIARY LIST FILE:

*

*

*

bre bungal ow, constant infiltration

BREBUNGL.DYL

DI ARY pages for bre bungal ow full systens,
9 days total, run up for 3 days

BREDAYO. DRY
BREDAYO. DRY
BREDAYO. DRY

*

BREDAY. DRY
BREDAY. DRY
BREDAY. DRY
BREDAY. DRY
swi tch on out put
BREDAY1. DRY
BREDAY. DRY

*

*

DRYNUL. DRY

run up period, just heating,

standard day pattern

no out put

extra for possible overrun

Al4 THE DIARY PAGE FILE :

* on run

00:
00:
00:
00:
00:
00:

00:
00:
00:
00:
00:
00:

00
00
00
00
00
00

BREDAYO0.DRY

up days initialise systenms and just let cycle on auto

I SET
I SET
I SET
I SET
I SET
I SET

* reuse first
23:59: 00 ! SET

HEATER STATUS #1 = AUTO
LI GHTI NG STATUS #1 = AUTO

SPONER STATUS #1 = AUTO
SPONER STATUS #2 = AUTO
SPONER STATUS #3 = AUTO

OCCUPANCY STATUS #1 = AUTO

nmet day during run-up
VET REW ND
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Al15 THE DIARY PAGE FILE: BREDAY1.DRY

* 'standard' day for bre bungal ow

*

*

all on autonatic
start out put

00: 00: 00 ! ENABLE BLOCK QUTPUT
* re- program occupancy pattern
00: 00: 00 ! SET OCCUPANCY CLOCK STOP #1 @ = 05:00:00 | ntwtf--
00: 00: 00 ! SET OCCUPANCY CLOCK START #1 @ = 05:00:00 | ntwtf--
00: 00: 00 ! SET OCCUPANCY LEVEL #1 @ = 3 | mwf--
Al6 THE DIARY PAGE FILE : BREDAY.DRY
* ‘standard’ day for bre bungal ow
* all on automatic
Al7 THE DIARY PAGE FILE : DRYNUL .DRY

(is empty)
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APPENDIX B

HTB2 INPUT DATA FORMAT

This appendix presents the descriptions of, and the format conventions of, the input files for HTB2.

HTB2 input data is organised into afile hierarchy, each file responsible for alogically separate field of data.

This organisation can beillustrated as;

[OPLEVEL
I | I I
BUILDING SERVICES DIARY METEOILR-
OLOGICAL
| DIARY PAGES
MATLRIALS LAYOUT
CONSTRUCTION
HEATING | LIGHTING VENTILATION
OCCUPANCY SMALL POWLR
Where;
TOPLEVEL defines run parameters
BUILDING defines the physical building
SERVICES defines the building services and incidental gains
DIARYLIST defines the scheduling information
METEOROLOGICAL defines the externa conditions
MATERIALS defines the material thermal properties
CONSTRUCTION defines the methods of assembly of materials
LAYOUT defines the building partitioning
HEATING heating system characteristics
LIGHTING defines lighting gain characteristics
SMALL POWER defines small incidental sources of heat
OCCUPANCY defines occupancy characteristics
VENTILATION defines ventilation properties
DIARYPAGES defines daily usage patterns

In most instances input datais provided in ‘commands’. Each command identifies the dataidentifier and its
new datavalue. Theformat convention indicates whether an integer (i) or real (r) numeric value, or a character
string (c) isexpected asdata. Where applicable, a built-in default value will be used by the model; thisvalueis
indicated in [square brackets]. If adefault valueis available and acceptable to the user, the command line need

not be included in the datafile.
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B.1TOP-LEVEL FILE

The TOP-LEVEL Fileisthekey filefor HTB2 simulations. It contains commands which configure and control
the simulation model, as well as providing pointers (file names) to those data files defining the simulation
problem; the building and services definitions, and the scheduling and external conditions for the simulation
test. The Top-Level file also defines the amount and detail of the results output from a simulation run.

The Top-Leve fileis provided to a simulation run of HTB2 as a command line option. The mechanism of this
may alter between computer systems; refer to the release notes for your implementation. By default HTB2
will always search for the file named ‘HTBCMD’ if no further information is supplied. Thus copying the
required top-level file to that name will work on any implementation (i.e.inMSDOS: copy test.top
HTBOVD).

The command descriptions which follow show the syntax required, and the default values prevailing (if any). If
the default values are acceptable for the application, the command need not be used. Where there is no default
value (i.e. [] is shown), the command MUST be used (if that operation option is required).

This section describes option commands, enabling or disabling model or run features. The default will apply if
command is not used. Any ‘ENABLE’ may also be‘DISABLE’. The description givesthe action in the enabled
State.

COMMAND FORMAT
DEFAULTVALUE
DESCRIPTION

This command defines a sentence which will appear in all output files. It is recommended to use this command
to define a unique sentence for each simulation, thiswill aid future understanding and tracing of results. The
sentence is limited to one line, of 80 characters maximum length.

IRUNID c

This command defines arun identification string which will appear in output files.
The string is taken from the first space after the command.

These general commands affect the operation of the input phase. They may be generally required.
IEOF

Stops the input phase no matter what follows in the Top-Level file. This command
should be used routinely in al files as some computing system editors place
spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.

IENABLEDIARY CHECK
[ENABLED]
Allow the scanning of all diary page files that will be used in asimulation at input
stage. If not used, an error in adiary page file could stop asimulation at any time
during calculations.

IENABLEIDENTIFY

[ENABLED]
Allow individual module routines to identify themselves to alog file (or the
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screen) when they arefirst called. This can aid debugging in a development envi-
ronment.

IENABLEWARNINGS
[ENABLED]
Allow warning messages to appear during input phase. Typical warning messages
caution of the use of defaults. Often once a data set has been tested, these warn-
ings may become obtrusive, their use is however recommended during data set
development.

Less commonly used options are;

IENABLECOMPRESS
[DISABLED]
Creates an archive of al input datafiles used in asimulation.
Currently unsupported in DOSWindows version of HTB2.

IENABLECONTINUE
[DISABLED]

Continue program execution if 1/0 errors (i.e. in reading diary page data) are been
encountered. Abort after number of errors set by !SET ERROR command. If
disabled (default condition) program aborts on first error. Note that this refers to
errors found after the input stage, HTB2 attempts to find al possible errors at input
stage regardless. Not al errors may be recoverable, according to the constraints of
the computing platform, so that continuation cannot be guaranteed.

ISET ERROR =i
[50]
Define the number of run-time input data errors encountered before abort. these
errors would typically be inability to parse adiary entry. This count is significant
only if 'ENABLE CONTINUE has been used.
ISTOP
i

When used model execution will be aborted after input phase. Used for checking
data sets without creating output files.

These commands configure the calculation core of HTB2, determining which routines and algorithms will be
used in the simulations.

Some of these commands set model parameter values, set initial values or alter default data values. As before,
the default value indicated appliesif the command is not used. Where data needs to be supplied to a command,
the form of the datais indicated by a letter code:-

-r:a"red" numerical valuei.e. 1.5

-i:aninteger valuei.e. 5

-c : aword or sentencei.e. SHADE

-'c': aword contained in single quote marks i.e. 'WEST"
Note that some commands require numeric datain to be in a specific fixed format (i.e. date as ‘dd/mm/yyyy’).
IENABLESTANDARD

[DISABLED]
Thisis a shortcut to the commonly used HTB2 configuration. It is equivalent to
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entering :-
IENABLEMETEOROL OGICAL
IENABLEFABRIC
IENABLERADTRANSTAR
IENABLESOLAR
IENABLEVENTILATION
IENABLELIGHTING
IENABLEHEATING
IENABLE SMALL POWER
IENABLEOCCUPANCY
IENABLEDIARY INPUT

IENABLEDIARY INPUT
[DISABLED]
Turn on routine to input scheduling data from diary. Diary list file must be speci-
fied separately.

IENABLEFABRIC
[DISABLED]
Turn on fabric heat transfer calculation engine.

IENABLEHEATING
[DISABLED]
Enables heating system routine.

IENABLELIGHTING
[DISABLED]
Enables lighting system routine.

IENABLEMETEOR
[DISABLED]
Read and maintain meteorological database (external temperature, humidity, wind,
solar irradiance, surface transfer coefficients) from an externa file.

IENABLEOCCUPANCY
[DISABLED]
Enables occupancy gain routine.

IENABLERADTRANSTAR
[DISABLED]
Enables determination of internal radiant transport through routine assuming a
central “star” radiant temperature, and acceptance of external source irradiance on
internal surfaces (i.e. solar, small power).

IENABLE SMALL POWER
[DISABLED]
Enables small power (incidental) gain routine.

IENABLESOLAR
[DISABLED]
Enables calculation of solar irradiance and transmission gains to interior.

IENABLEVENTILATION
[DISABLED]
Enable calculation of ventilation heat and water transfer. Method of ventilation
(i.e. option choice) is made in the “ventilation” definition file.

IENABLEWATER
[DISABLED]
Enable maintenance of water transport, gain and space humidity data.

IENABLE GROUND TEMP
B-4



[DISABLED]

ISET AIRREFERENCE = r

[10.0]

ISET BST = iifii iifii

Enables calculation of ground temp from air temp. rather than accepting valuein
met. file. 'SET GROUND command sets parameter to use in calculation.

Define the initial fabric and space temperatures (in degree C) to thisvalue. Itis
helpful to set this to approximately the mean temperature expected, as this will
speed up the initialisation period.

[25/05 , 28/10Q]

ISET DATE = iifiifiiii

[01/01/1984]

ISET DAY = ¢
[SUNDAY]

Define the start and stop date of summer time (for the alteration of the internal
model clock). The summer time feature will alter the internal simulation clock
according to British Summer Time practice, that is add one hour in Spring and
loose one hour in the Autumn. All solar calculations will be made using GMT, but
scheduling will be made with regard to thislocal time. If the summer time feature
is not required then enter arbitrary datesin a“13th” month, i.e. ISET BST = 01/13
31/13. Thedefault isunlikely to match any one particular actual year, and so
should be altered when dealing with monitored data.

This command requires strict format as day/month day/month, leading zeros for
days and months are required asin the example.

Sets the start date of the run. Thisdate isused in calculation of solar geometry and
S0 must be set to reflect the intent of the run. Date datais NOT taken from the
meteorological file (if used). This command must be in strict format, day/month/
year, as shown in the default value. Leading zeros will be required.

Sets the start day of the run. HTB2 uses this information in the services time-
clocks, so it is may be required to be set as appropriate to the users schedule and
meteorological period. The day word must be one of SUNDAY , MONDAY ,
TUESDAY ,WEDNESDAY ,THURSDAY ,FRIDAY ,SATURDAY.

ISET GROUND FACTOR= r

[0.0001]

ISET FRAME=r
[0.0]

ISET GROUND TEMP=r
[10.0]

I

Defines the parameter used in the calculation of the deep ground temperature from
external air temperature. Thisvalueissignificant only if '/ENABLE GROUND
TEMP has be used. The value represents an exponential time constant of the ground
temperature response to changesin air temperature. The time constant is given by
{Lvaue* meteor. interval}, i.e. the default value gives a 10,000-hour time con-
stant for the standard 1-hour meteorological interval.

Setstheinitial value of frame blockage for windows. A blockage of 0.3 would
mean that 30% of the specified area of a window is opague to solar transmission.

Set initial value of deep ground temperature, in degree C.

Defines the run length of the simulation on days and hours (hours in 0-24 only).
This command requires strict format as days,hours , for example a9 day run would
be specified as 009,00. Leading zeros are required.
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ISET SOLARLOST =r
[0.0]
Defines the general back reflectance for all windows. Thisis the fraction of
calculated solar transmission which is immediately lost from the building due to
reflectance back through windows. This proportion is assumed to have no effect on
the building energy balance.

ISET STARTDIARY =i
(1]
Sets position at the start of arun, to the i day in the diary list file. Must be used in
conjunction withthe! SET DATE command.

ISET START MET =i
(1]
Sets position at the start of arun, to the i day in the meteorological file. Must be
used in conjunction with the !SET DATE command.

ISET TIMESTEP=r
i
Defines the calculation timestep for the run in seconds, this would typically be 60-
150 seconds. The longer the timestep, the shorter the simulation will be, but the
less accurate the calculations. An initial timestep of 90 seconds is recommended
in most cases.

Less commonly used configuration items, for which the default value is generally appropriate, follow:

IENABLEANISOTROPIC
[DISABLED]
Enable the use of an anisotropic sky model, as opposed to the default isotropic
SKy..

IENABLEFROST
[DISABLED]
Enable frost protection thermostat(s) (as specified in “heating” file) to control
building temperature when heating system is “off”.

IENABLEINTERPOLATESHADING

[DISABLED]
Enabletheinterpolation of shading mask data..
IENABLELGTMDL
[DISABLED]
Utilise the lighting usage model, which determines lighting load from external
illuminance. Requires further data to be specified in “lighting” definition file when
selected.
IENABLEOLD ¢
[DISABLED]

Apply older versions of code, for compatibility sake. These older versions have
been replaced because they were faulty or inefficient, but comparisons with
previous simulation may require their temporary recovery. This command is not
recommended for general use, and these compatibility issues will be removed at
the next release.

Theword ¢ may be :-
-LONGWAVE - use version 1.1 longwave agorithm
-FABRIC - use version 1.10 fabric calculation order.
- CLOCK - use version 1.10 clock logic
-ALL - all of the above (reverts to version 1.1 generaly)
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IENABLENSOL
[DISABLED]
When enabled model will NOT calculate sun position from time and location data,
i.e. sun becomes fixed in sky. Sun position may be specified by 'SET SUNPOS
command.

IENABLEZIPR1
[DISABLED]
Allow execution of routine ZIPR1, see Tech. Reference manua for further infor-
mation.

IENABLEZIPR2
[DISABLED]
Allow execution of routine ZIPR2, see Tech. Reference manua for further infor-
mation.

IENABLEZIPR3
[DISABLED]
Allow execution of routine ZIPR3, see Tech. Reference manua for further infor-
mation.

IENABLEZIPR4
[DISABLED]
Allow execution of routine ZIPR4, see Tech. Reference manua for further infor-
mation.

IENABLE ZIPR5
[DISABLED]
Allow execution of routine ZIPR5, see Tech. Reference manua for further infor-
mation.

ISET AIRSPECIFICHEAT = r
[1006.0]
Define the specific heat of air in j/kg/k.

ISET CLOUD COVER =r

[0.5]
Set initial cloud cover index. Cloud cover is used to determine the net radiant loss
from a surface to the sky. Values are in the range 0-1, where O represents clear sky,
1 represents full cloud. Cloud cover may be changed in the run from either the
met. file or from the diary.
ISET EXTRH =r
[50.0]
Set theinitial value of external humidity, in %. Thisvalueissignificant only if
water transport is enabled. The value may be atered within arun by the meteoro-
logical file, or by the diary.
ISETEXTT=r
[10.0]

Set the initial value of external air temperature, in degree C. The value may be
altered within arun by the meteorological file, or by the diary.

ISET GROUND REFLECTANCE= r
[0.2]
Defines the default ground reflectance (albedo) for external surfaces.

ISETHTCTRANSFER= c

[FIXED]
Defines the default algorithm for the determination of internal surface convective
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heat transfer coefficients; FIXED for fixed CIBSE transfer coefficients, or VARI-
ABLE for numerically calculated coefficients.

ISETHTCE=i r r r
i
Defines, for an individual element I, the fixed external surface convective heat
transfer coefficients, in W/m?/C for heat flow horizontal, upwards, and downwards
respectively. The choice of the appropriate coefficient is made by HTB2 using the
surface tilt and adjacent temperature data. Alternatively if ALL isused in place of
[, al external elements will recieve these values.

ISET HTCI = r r r
[3.08,4.04,0.92]
Defines the internal surface convective heat transfer coefficients, in W/m?/C for
heat flow horizontal, upwards, and downwards respectively. The choice of the
appropriate coefficient is made by HTB2 using the surface tilt and adjacent tem-
perature data. Appliesonly for the FIXED Transfer option.

ISET HTCS= | r r r
[assetinHTCI ]
Defines, for an individual element I, the internal surface convective heat transfer
coefficients, in W/m?/C, for heat flow horizontal, upwards, and downwards respec-
tively. The choice of the appropriate coefficient is made by HTB2 using the
surface tilt and adjacent temperature data. Appliesonly for the FIXED Transfer
option.

ISETHTCX = i r r r
[10.0, 15.0, 10.0 for all virtual elements]

Defines the convective hest transfer coefficients, in W/m?/C, for heat flow across
virtual element i. These correspond to air-air transfer for heat flow horizontal,
upwards, and downwards respectively. The choice of the appropriate coeff. is made
by HTB2 using the surface tilt and adjacent temperature data. This command may
be repeated for as many virtual elements as required. Alternatively if ALL isused
in place of |, al externa elements will recieve these values. The values presently
supplied for the default have no theoretical or empirical basis.

ISETHUMIDITY =r
[50.0]
Set theinitial value of internal humidity, in %. Thisvaueissignificant only if
water transport is enabled.

ISETMET CALCINTERVAL =i
[10]
Define the interval between meteorological recalculations in minutes. Thisis
primarily to update solar positions and shading functions.

ISETMETINTERVAL =i
[60]
Define the meteorological interval in minutes. Thiswill be the interval between
reads from the met. file.

ISETMT OFFSET =i
[0]
Define the meteorological data offset in minutes. This represents the time shift
required on the met data; an offset of 0, and an interval of 1-hour, implies that met
datais read on the hour an applies over the next hour while an offset of 30 would
read the met data at the half hour.

ISET ORIENTATION= r
[0.0]
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Defines a global orientation shift to the building as specified in the layout file, in
degrees clockwise. Note that shading masks are NOT shifted by this command.

ISET SLICES=i
(5]
Defines the maximum number of slices HTB2 may use for a part in responseto a0
entered as the slice count in the construction file.

ISET STATIONHEIGHT = r
[0.0]
Defines the dtitude (m above MSL) of the site.

ISET SUNPOS= r r
[-10.0, 270.0]
Set theinitial sun position as altitude (degree above horizon), and azimuth (degree
west of south). Used in conjunction with 'ENABLE NSOL the sun may befixed in
the sky, or altered by use of the diary. In normal use the sun position is determined
form the date, time and location of the building.

ISET SUNRAD = r r
[0.0, 0.0]
Setsthe initial irradiance of the sun, in W/m?, for total and diffuse respectively.
This may be arbitrarily atered by the diary, or more normally, through the mete-
orological file.

ISETWIND = r r
[0.0,00]
Set initial value of wind speed (m/s) and direction.

ISET ZIPVAR#i =
[0.0]
Set initial value of zipper variablei. See Tech. Reference manual for information
on zippers.

This section nominates output file names. Nominating an output file does not trigger or enable the appropriate
output routine. Note that the required output procedure must also be enabled, either in this file or within the
run viathe diary. The single quotes around the filename are required. Filenames must comply with the conven-
tions of the operating system in use.

IOUTPUT INFO="¢
I

Nominate run information output filename.

IOUTPUT BLOCK =‘C'
I

Nominate interval block report output filename.

IOUTPUT LOGGER =*¢C
I

Nominate event logger output filename.

IOUTPUT PROFILE="C
I

Nominate element profile output filename.
In each of the latter 3 casesthe form “!OUTPUT TEXT ....."” will produce a human readable output file for

debugging purposes, otherwise direct access machine-code files will be produced and post-processors re-
quired to interpret the data.
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IDEFINESAVEFILE=*C
I

Nominates a filename prefix for saving daily building states. Do not specify afile
name extension.

These commands deal with choosing and preparing common output data types.

IENABLEBLOCK OUTPUT
[DISABLED]
Enable the interval block report routine and the default report block. Optional
extra detail output selections may be chosen using any of the following commands.
Note that the output routine may be enabled at any time in the run by using the
diary, but the output file and report sections must be selected here.

IENABLEPROFILEOUTPUT
[DISABLED]
Enable interval element profile output routine. Elements to be profiled must be
selected in following command. Note that the output routine may be enabled at any
time in the run through the diary, but the output filename and the element selec-
tions must be done at top-level.

IENABLE REPORT PROFILE #i
[DISABLED]
Select element number code i for profiling. ENABLE PROFILE OUTPUT must
also be selected in the TOP or DIARY PAGE file for output to occur.

IENABLEREPORT PROFILEALL
[DISABLED]
Select all elements for profiling. ENABLE PROFILE OUTPUT must also be
selected in the TOP or DIARY PAGE file for output to occur.

IENABLESAVESTATE
[DISABLED]
Enable dump facility to store building state at midnight, so asto alow rerun from
specific dates.

ISET BLOCK REPORT INTERVAL =i
[60]
Define the block report interval in minutes.

ISET PROFILEINTERVAL =i

[60]
Define the profile output interval in minutes.
ISET PRO OFFSET =i
[0]
Define the profile output offset in minutes. The default values for interval and
offset produce hourly reports, on the hour (though only if the routine has been
enabled).
ISET RPOFFSET =i

[q]
Define the block report output offset in minutes. The default values for interval and
offset produce hourly reports, on the hour (though only if the routine has been
enabled).
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The following are less common output data commands.

IENABLEREPORT MET
[DISABLED]
Enable block report section for meteorological data. ENABLE BLOCK OUTPUT
must also be selected in the TOP or DIARY PAGE file for output to occur.

IENABLEREPORT SPACE
[DISABLED]
Enable block report section for space temp and gains data. ENABLE BLOCK
OUTPUT must also be selected in the TOP or DIARY PAGE file for output to
occur.

IENABLEREPORT RADIANT
[DISABLED]
Enable block report section for zone radiant temp and gains data. ENABLE BLOCK
OUTPUT must also be selected in the TOP or DIARY PAGE file for output to
occur.

IENABLEREPORT ELEMENT PRIMARY
[DISABLED]
Enable block report section for element surface temperature and gains data.
ENABLE BLOCK OUTPUT must also be selected inthe TOP or DIARY PAGE
file for output to occur.

IENABLEREPORT ELEMENT SECONDARY
[DISABLED]
Enable block report section for element surface temperature and gains data.
ENABLE BLOCK OUTPUT must also be selected inthe TOP or DIARY PAGE
file for output to occur.

IENABLEREPORTHEATING
[DISABLED]
Enable block report section for heating system output and performance data.
ENABLE BLOCK OUTPUT must also be selected in the TOP or DIARY PAGE
file for output to occur.

IENABLEREPORT WATER
[DISABLED]
Enable block report section for space humidity and water gains. ENABLE BLOCK
OUTPUT must also be selected in the TOP or DIARY PAGE file for output to
occur.

IENABLEREPORT VENT
[DISABLED]
Enable block report section for space ventilation transfer. ENABLE BLOCK
OUTPUT must also be selected in the TOP or DIARY PAGE file for output to
occur.

IENABLEREPORT ALL
[DISABLED]
Enable al above block report sections. ENABLE BLOCK OUTPUT must also be
selected in the TOP or DIARY PAGE file for output to occur.

IENABLEEVENT LOGGER
[DISABLED]
Enable event logging output routine. Items to be logged must be selected by the
following commands. Note that the output routine may be enabled at any timein
the run through the diary, but the output filename and the logged items must be
done at top-level.
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In the following, the code # may be replaced by ALL to the obvious effect.

IENABLE LOG TSP#i
[DISABLED]
Select air temperature of space i for logging

IENABLELOG SRT #i
[DISABLED]
Select surface temperatures (both “left” and “right”) of element i for logging.

IENABLE LOG SRF #i
[DISABLED]
Select surface heat fluxes (both “left” and “right”) of element i for logging.

IENABLE LOG MRT #i
[DISABLED]
Select mean radiant temperatures of zone i for logging.

IENABLELOG URT #i
[DISABLED]
Select mean surface temperatures of zone i for logging.

IENABLELOG TSN #
[DISABLED]
Select effective temperatures seen by surfaces of element i for logging.

IENABLE LOG RDN #i
[DISABLED]
Select radiant gains to surfaces of element i for logging.

IENABLELOG SOL #i
[DISABLED]
Select solar transmission through element i for logging.

IENABLE LOG CON #i
[DISABLED]
Select net convective heat gain to spacei for logging.

IENABLE LOG HUM #i
[DISABLED]
Select humidity of space i for logging.

IENABLE LOG DEW #i
[DISABLED]
Select air dew point temperature of spacei for logging.
IENABLELOGFACH#i
[DISABLED]
Select fresh air change rate (exchange to exterior only) of spacei for logging.
IENABLELOGTACH#
[DISABLED]
Select total air change rate (exchange to interior and exterior) of spacei for
logging.
IENABLELOG DUT #i
[DISABLED]
Select duty cycle of heating system i for logging.
IENABLELOG OUT #i

B-12



[DISABLED]
Select heat output of heating system i for logging.

IENABLELOG INPUT #i
[DISABLED]
Select core energy input of storage heating system i for logging.

ISETLOGCON=r
[10.0]
Define logging of net convective gain tolerance, W.

ISETLOGDEW=r
[0.5]
Define logging of air dew point temp tolerance, °C.

ISETLOGFAC=r
[0.1]
Define logging of fresh air change rate tolerance, Vol/hr.

ISETLOGHUM = r
[2.5]
Define logging of air humidity tolerance, %.

ISETLOGMRT=r
[0.5]
Define logging of mean radiant temp tolerance, °C.

ISETLOGOUT=r
[10.0]
Define logging of heating system output tolerance, W.

ISETLOGRDN=r
[0.5]
Define logging of surface radiant gain tolerance, W/m?2,

ISETLOGSOL =r
[1.0]
Define logging of solar transmission tolerance, W.

ISETLOGSRF=r
[1.0]
Define logging of surface heat flux , W/m?2,

ISETLOGSRT=r
[0.5]
Define logging of surface temp tolerance, °C.

ISETLOGTAC=r
[0.1]
Define logging of total air change rate tolerance, Vol/hr.

ISETLOGTSN=r
[0.5]
Define logging of effective temp seen tolerance, °C.

ISETLOGTSP=r
[0.5]
Define logging of air temp tolerance, °C.

ISETLOGURT = r
[0.5]
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Define logging of mean surface temp tolerance, °C.

ISET VIRT REPORT =i
[q]
Sets the upper limit of number of virtual spacesto be included in the BLOCK
REPORT output. Normally none of the inbuilt virtual spaces are reported, so as to
reduce output file size.

IENABLEZNFILE
[DISABLED]
Enable the optional HKBEAM/BECON output.

These commands nominate files containing the descriptions of the dataset to be modelled. The single quotes
around the filename are required. Filename conventions of the operating system in use must be followed.

IDEFINEBUILDING="C
I

Nominates the building description file.

IDEFINESERVICES="C’
I

Nominates the services description file.

IDEFINEMETEOR="c’
I

Nominates the meteorological data file.

IDEFINEDIARY =*C

I
Nominates the diary page list file.

Nominates a file for use by user supplied zipper routines.

IDEFINERESTART='cC

Nominates a filename for a previously stored building state to be recovered and
run. Useinconjunctionwith!SET DATE, and!SET START.

Less commonly used file nominations are;

IDEFINEZIPFIL1="C
I

Nominates a file for use by user supplied zipper routines.

IDEFINEZIPFIL2="C
I

IDEFINECONSTRUCTION =*C’
I

Overrides the construction file name declared in Building file.
IDEFINELAYOUT='c
I

Overrides the layout file name declared in the Building file.
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IDEFINEMATERIAL LIBRARY ='cC’

I
Overrides the material library file declared in the Building or Construction files.

IDEFINEMATERIAL USER="C
I

Overrides the users material file declared in the Building or Construction files.

IDEFINEHEATING="C
I

Overrides the heating file name declared in the Servicesfile.

IDEFINELIGHTING="C
I

Overrides the lighting file name declared in the Services file.

IDEFINE SMALL POWER="C
I

Overrides the small power file name declared in the Services file.

IDEFINE OCCUPANCY ='¢
I

Overrides the occupancy file name declared in the Services file.

IDEFINEVENTILATION="C
I

Overrides the ventilation file name declared in the Services file.

These commands are deprecated in this version, and will be not appear in later versions. Their functionality has
been replaced.

ISETAIRDENSITY =1
[1.2929]
Define the density of air in kg/m?®. Thiswill only be used for initiaisation, density
isnow calculated internaly.

ISET AIRHEAT= r
[1200.0]
Define the specific heat of air in j/m3C. Thiswill only be used for initialisation,
specific heat is now calculated internally.
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B.2BUILDINGFILE

The BUILDING File defines both some site specific information i.e., the location of the project, and the
definition of the number and size of spaces (i.e. rooms).

It also points to further definition files for the materials, constructions and layout of the partitioning elements
describing these spaces.

Only modelled spaces need be defined in this file, virtual spaces (to the number allowed at compile time) are
awaysavailable.

Commandsavailableare;

COMMAND FORMAT DEFAULTVALUE

DESCRIPTION
IPROJECTID ¢
i
Sets the project id. string to the characters following the command. The string will
be placed in all output files for identification of run. Quotes are not required
around the string.
IEOF
i

Stops the input phase no matter what follows in the Building file. This command
should be used routinely in al files as some computing system editors place
spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.

The site specific data is provided with these commands;

ILOCATION=7r1 r

[52.0,0.0]
Sets the site location as latitude (north of equator) and longitude (west of Green-
wich) respectively. Negative numbers may be used to indicate locations south and
east.
ITIMEZONE=r
[0.0]
Longitude (west of Greenwich) of the nearest time zone division to the east of the
site location. If thisis not known, enter 0.0 for this AND the site longitude in the
ILOCATION command; local time will then be equivalent to solar time.
ISKYLINE=r
[0.0]

Defines a global horizon (or obstruction) in degrees above the horizontal. No
direct solar radiation will reach the building once the sun goes below that horizon.

ISTATIONHEIGHT =r
[0.0]
Defines height of the site in meters above MSL..

These commands define the subdivision of the building into spaces. A space may be aroom, part of aroom or
a conglomeration of a number of adjacent rooms.
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Each such space will be defined by a!DEFINE SPACE and 'END block. There may be several such blocks.
The ordering of those block affects the index numbers associated with the spaces thus defined; the first block
in the file defines space 1, the second space 2 etc.

Most HTB2 simulations will require the definition of one or more spaces. Where a space is defined, a volume
must be provided.

IDEFINESPACE =‘C

i
Starts an space definition list and defines a character name from the string between
the single quotes. The name is not yet of significance. Spaces are assigned code
numbers sequentially from the order defined in this file. Must be paired with an
IEND command.
IEND
n‘a
Ends an space definition.
IVOLUME =r
i

Sets the air volume of the space, in m®.

Less commonly used space data commands are listed below.

IVELOCITY =r
[0.9]
Setsthe typical air speed in the space, in m/s. Thisisused in the calculation of a
variable heat transfer when that is enabled in the top level.

These commands point to further files in the building definition chain.

ICONSTRUCTIONFILE="C
I

Nominates the construction definition file. The filename must be enclosed in
single quotes.

ILAYOUTFILE='C
I

Nominates the partitioning layout definition file. The filename must be enclosed in
single quotes.

IMATERIALSFILE="C
I

Nominates the standard materials file. The filename must be enclosed in single
quotes.

IMATERIALSUSERFILE='C
I

Nominates the alternate user materias file. The filename must be enclosed in
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single quotes.

The previous release format is still acceptable, but will not be supported in future releases, nor by allied pre- or
post-processing programmes for HTB2. The two formats should NOT be mixed.

ISPACES
n/a
Starts the definition list of modelled spaces. Must be followed by the space
definitions as below and be paired with a“}” at the end of the definition.

-‘name =r
[no modelled spaces are defined by default]
Defines a space and associated volume in m®. Repeat for the number of spaces
regquired. All must be contained within a! Spaceand a} command pair. Space
number codes, which are used in most other data files, are assigned sequentialy as
spaces are entered in this list.

n/a
The“}” character ends the space definition list started by the ! SPACE command.
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B.3CONSTRUCTIONFILE

The CONSTRUCTION File specifies the construction methods that may be used to create an element (awall,
window, floor, roof etc.). A Construction may be used in any number of elements. Window solar transmis-
sion characteristics are also defined in this file.

As the fabric model of HTB2 is one-dimensional, the construction method defines a simple planar sequence of
material layers; no explicit description of edge detailing is possible. Each construction type is a record of the
layering of materials making up that construction. Thus aexterior wall type may be, for instance, be defined as
an 100mm layer of facing brick, 50mm cavity, 30mm polythene insulation, and 200mm blockwork. The
thermo-physical properties of materials used are those specified in the chosen Materials File; the materials are
indexed by code numbers to that file. Due to calculation limitations, material layers that have little or no
impact on thermal behaviour of the construction are often omitted. These are often thin layers of high con-
ductance; for instance the mathematical requirements of calculating the heat flow through alayer of vapour
check material (say 2mm polythene sheet) are disproportionately large compared to its' thermal effect, that
layer could safely be ignored.

The order of the definition of Constructions is significant. Constructions are applied to Elements by an index
number; the order of the Construction in this file determines the index number. Thus Construction index
number 1 is the first construction to be defined in this file, index 2 the second etc.

The order of the definition of layersis significant to HTB2. It is recommended practice to define the first
layer of the Construction as the outside layer (where that is applicable). Where the Construction is to be used
in atilted (i.e. not vertical) Element, such as afloor partition, the first layer should be the uppermost layer.
Where the Element is to be in contact with earth (e.g. afloor slab) again the first layer should be the upper-
most. Where a Construction is being defined for atotally internal Element (a partition), the order is
immaterial but till significant, particularly for asymmetrical constructions. In defining an Element using a
Construction, some indication of the connection of surfaces to spaces must be made. Thisis done through a
naming convention for the surfaces of the Construction: the FIRST SURFACE of a Construction is that of the
first layer in its definition, similarly the LAST SURFACE isthat of the last.

The data required for a Construction layer is generally the material number, and the width of the layer (in
meters). Optional information (Slices in the example below) can be applied to determine the number of
thermal nodes to use in the thermal calculations. Apply avalue of 0 to allow HTB2 to determine the optimal
number of nodes.

Constructions may be Transparent of Opaque; that is both windows and walls are treated equally in the thermal
calculations. The assignment of a particular Construction to an Element is done in the Layout specification
file. Construction specifications are not generally concerned with surface detailing, for instance colour (as
relating to surface solar absorption). That is determined in the layout, when instances of Construction types
areused. Thus a common Construction type may be used in a number of different instances, each with differ-
ent surface properties.

Thisfile aso defines the solar transmission characteristics of glazing types that may be used in the simulation.
These are defined (and treated) independently of the material layering of the appropriate window construction.
Thus alayer of glass may be used to specify an 'Opaque’ element (i.e. one that does not transmit solar radiation,
this may be useful in interior partitions, as HTB2 does not explicitly consider the internal distribution of solar
gainsviainternal transparent partitions). Equally atransmission characteristic could be applied to a " Transpar-
ent' element made of brick!. The assignment of a particular glazing characteristic to a particular transparent
element is done in the layout specification. This allows a common construction type (e.g. double glazing) to
have a number of transmission types (e.g. clear, or solar control film). A glazing type is named and accessed
by than 'name’, thus these are not positionally dependent. A glazing type is defined by a specification of the
transmission and absorption coefficients for angles of incidence in ten degree steps, plus the appropriate
coefficients for the diffuse solar component. These coefficients are for the glazing system as a whole, not for
its separate component panes.

Thus Transparent Constructions require one further item of information for each layer; the proportion of the
total glazing absorption that is to be attributed to that layer. Thus adouble glazing system may have an absorb-
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ing ratio (at a particular angle of incidence) of 0.25. That is defined for the whole system, of that absorption,
typically agreater amount will be absorbed in the first layer (pane of glass) than in the last layer, and thisis
specified in the layering.

The specifications here of constructions and glazing types can be considered to define a library of types
availablefor later use. That isalarge number of constructions and glazing types may be defined, that are not
used in a particular building instance. Thiswill have no impact on the storage requirement for a particul ar
simulation.

There are some special internally defined “materials’ for use in constructions, which cover layers types such as
cavities. These are coded as;
-1 isanormal cavity,
-2 isalow emissivity (i.e. foil lined) cavity ,
-3 isapure resistance layer, or a cavity of anonstandard resistance. The required resistance of
the layer is coded in the declared width of the layer as { width = resistance(m?W/°C)/1000} .
That isalayer of thermal resistance 0.5 m%#W/°C would be coded as materia = -3, width =
0.0005 m.
-5isaventilated cavity,
-11 is a cavity with thermal resistance calculation to procedures set out in 1SO 15099.

None of these special “materials’ may be used as a surface layers.

COMMAND FORMAT DEFAULT VALUE
DESCRIPTION

ICONSTRUCTION ‘¢
I
Starts a definition list for a construction type. Construction name will be taken as
string between single quotes. Construction codes will be assigned sequentialy as
defined in thefile. Must be paired by an 'END command.

IEOF

Stops the input phase no matter what follows in the Construction file. This com-
mand should be used routinely in al files as some computing system editors place
spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.

ITYPEC
[OPAQUE]
Defines the type of construction, OPAQUE or TRANSPARENT types only al-
lowed.

IPARTS
n‘a
Starts a part definition list for a particular construction. Must be followed by one
or more lines describing the layers of the construction. The first layer described
becomes the “FIRST” surface of the construction, the final layer becomes the
“LAST” surface. Most constructions should follow the convention of the FIRST
surface being the outside, or uppermost side. The layer datais codes as...

0= r i (N

Defines data for each part or layer as.

The part number (for identification only, not used within HTB2, parts are numbered
sequentialy as entered in this list).

The material code index, relative to the Material File, (if prefixed by “@” relative to
the Material User File),

Thewidth (m.) of the part,

The number of finite difference slices to calculate for the part ( if 0, HTB2 will
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determine “best” or stable dlice count),
For “transparent” constructions only, the parts relative absorption (i.e. the fraction of
the total construction absorption going to this layer).
Theprefix “_" character isrequired syntax.
Thisline will be repeated for as many parts as required in the construction.

}
n/a
Endsthe partslist started by |PARTS.
IWINDOW =‘C’
i
Starts a glazing type definition and defines name of type as string in single quotes.
Thiscommand startsablock containing the TRANSMISSION and ABSORPTION
commands.
ITRANSMISSION =
rrrrrnrnrnrnrrr
i
Defines the transmission coefficient of a glazing type in terms of a single diffuse
and 10 direct beam transmission fractional values (between 0.0 and 1.0). The
direct beam values are to be specified in 10 degree steps of incidence angles (0-
90). Thevalues must be on a separate line after the ' TRANSMISSION = command.
IABSORPTION =

rrrrrnrnrnrnrrr
i
Defines the absorption characteristic of a glazing type in terms of a single diffuse
and 10 direct beam transmission fractional values. The direct beam values are to be
specified in 10 degree steps of incidence angles (0-90). The values must be on a
separate line after the 'ABSORPTION = command.

IDIFFUSION =

hrrr s
I
Defines the diffusing characteristic of a glazing type in terms of the fraction of
direct beam converted to diffuse energy (between 0.0 and 1.0) for steps of inci-
dence angle in 10 degree steps.

IWINDOW 2D =*C

i
Starts a bi-directional glazing type definition and defines name of type as string in

single quotes. This command starts ablock containing the TRANSMISSION 2D
and ABSORPTION 2D commands.

ITRANSMISSION 2D =

=~ -~ =
=~ -~ =
=~ =~ =
=~ = =
=~ = =
e
= = =
e
= - =
=~ -~ =
= = =
= :—1 =
=~ -~ =
=~ = =
=~ = =
-~ = =
=~ = =
= = =
- = =

Defines the transmission coefficient of a bi-directional glazing type in terms of
transmission coefficients (between 0.0 and 1.0) for steps of altitude and azimuth in
10 degree steps. This datais provided as 19 lines of 19 values. Each lineis a set
azimuth, from -90 to +90 degrees, within each line is atitude from -90 to +90
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degrees (both with respect to the surface normal).

IABSORPTION 2D =

=~ -~ =
=~ -~ =
=~ = =
=~ = =
=~ = =
=~ = =
= = =
= = =
= - =
=~ - =
= = =
= :—1 =
=~ -~ =
i
=~ = =
=~ = =
=~ = =
e
- = =

Defines the absorption characteristic of a bi-directional glazing type in terms of
absorption coefficients (between 0.0 and 1.0) for steps of atitude and azimuth in
10 degree steps. This datais provided as 19 lines of 19 values. Each lineis a set
azimuth, from -90 to +90 degrees, within each line is atitude from -90 to +90
degrees (both with respect to the surface normal).

IDIFFUSION 2D =
(U RN R RN R R RN RN RN RN SN U U R R R R R ¢
(U RN R RN R R RN RN RN RN SN U U R R R R R ¢
(U RN R RN R R RN RN RN RN SN U U R R R R R ¢
i
Defines the diffusing characteristic of a bi-directional glazing type in terms of the
fraction of direct beam converted to diffuse (between 0.0 and 1.0) for steps of
atitude and azimuth in 10 degree steps. Thisdatais provided as 19 lines of 19
values. Each lineisaset azimuth, from -90 to +90 degrees, within each lineis
atitude from -90 to +90 degrees (both with respect to the surface normal).
IEND
n‘a

Ends a construction or glazing type definition and must be paired with them.

IMATERIALSFILE="C
[asdefined in“building” file]
Nominates the standard materials file. The filename must be enclosed in single
guotes. This overrides a specification made in the “building” file.

IMATERIALSUSERFILE="C
[asdefined in“building” file]
Nominates the alternate user materials file. The filename must be enclosed in
single quotes. This overrides a specification made in the “building” file.
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B.ALAYOUTFILE

The LAYOUT FILE defines the Elements (walls ,ceilings etc) partitioning the building in terms of their con-
struction type, surface properties, and connections.

An Element has two surfaces (FIRST' and 'LAST', see discussion in the Construction File description, Appen-
dix b3), and may connect at most two spaces. This may mean that one notional wall may need to be spearated
into many Elements. Each surface of an Element is considered to have a uniform surface temperature. Where
several partitions share a Construction type and spatial connections, it is sensible to combine them into one
Element, so long as the uniform surface temperature condition can be considered applicable. Where for
instance one surface receives solar radiation while another does not, their temperatures will be different, and
so they should not be combined.

An Element may have both surfaces connected to the same space. Thiswould act as athermal store to that
space. Note that in this case, there would be twice the declared surface area active for heat transfer in that
Space.

Elements are referred to by index code numbers. These numbers are assigned, starting from 1, in the order
they are defined in the layout file. Thus the description and manipulation of Elements layout fileis
positionally dependent.. There are no predefined elements.

Spatial connections and construction selection for an Element are achieved also by index number. The outside
is denoted by Space 0. Depending on how Space 0 is used, will select whether external air, or deep ground
temperature is connected to the surface of the Element. If the Space 0 is connected to the First surface, thisis
assumed to be external air. Where it is connected to the Last surface, thisis considered to be deep ground
temperature.

The surface naming convention for “FIRST” and “LAST” refersto that used in the construction file where
layers were defined sequentially from the first layer denoted to the last layer. An external surface (which
connects to space code 0) and the internal face of a solid floor slab must be “FIRST”. It isauseful convention
that al upper surfaces of tilted elements should also be FIRST.

There is one internally defined construction type, termed “virtua”, which is denoted by construction code -1.
This construction type does not produce a physical partition, but ssimply acts as a purely resistive thermal
connection between spaces. Heat is then transported between spaces according to their temperature differ-
ence.

Each Element is defined between a! ELEMENT and 'END command pair. There are many optional parameters
available for elements which have generally appropriate default values (e.g. absorption and emissivity). Often
these default values may be altered globally in the Top Level file. Those parameters that are required to be
defined are its construction type, area, surface connections, and if an external Element, its orientation.

Thisfile aso defines any Shading Masks which may be used by the elements. Shading Masks define the 'view'
of the surface from different points in the sky vault, these points are in a pattern of 36x9 sectors, each sepa-
rated by 10 degrees. During calculation, the sector the sun is currently in will determine the fraction of the
potential direct solar radiation reaching the surface; diffuse radiation will aso be affected (but not ground
reflected radiation) as the mean proportion of the sky vault left unshaded. A shading factor will be afraction
between 0 and 1, at 0 no radiation form that sky sector will reach the surface. The default shading for an
Element is'None€, i.e. unshaded. Notethat if a user defined shading mask is applied to an Element, that mask
must be explicit, that is for instance all sectors notionally 'behind' the surface must be set as 0 or radiation will
reach the surface; HTB2 will not check for this. This 'feature’ may be useful in some circumstances, but not
generaly.

Shading Masks may be attached to any external Element, Transparent or Opaque. A single Mask may be

attached to many Elements, but as the Mask definition is related to absolute direction (i.e. South) and not to
relative direction (i.e. the orientation of a surface) thsi must be done with care. A mask for a overhang on a
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south window will be different than one for an east window.
Each Mask betweena!MASK and 'END pair.
Commandsavailableare;

COMMAND FORMAT DEFAULTVALUE
DESCRIPTION

Those commands which must be used to define an Element are listed below.

IELEMENT =‘cC’
i
Starts an element definition list and defines a character name from the string
between the single quotes. The name is not yet of significance. Elements are
assigned code numbers sequentially from the order defined in this file. Must be
paired withan'END command.

IEND
n‘a
Ends an element definition.

IEOF

Stops the input phase no matter what follows in the Building file. This command
should be used routinely in al files as some computing system editors place
spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.

IAREA =t
Defines area of a single surface of the element in m?2.,

ICONSTRUCTION =i
i
Defines the construction code number (re those produced by the “construction”
definition file) to be used for this element. A “virtual element” may be defined by
using code -1.

ISPACETOFIRST =i,and

ISPACETOLAST =i
i
Defines space code number to connect to “FIRST” and "LAST" surfaces of element
respectively. Space codes are those generated in the “building” definition file.
Virtual spaces may be connected by prefixing these witha“-", i.e. by a-ve space
number.

For externally connecting elements the following are required.
IORIENTATION =r
[O for internal, no default for external elements]
Required only for externally connected elements. Defines the azimuth angle
between the element’ s “FIRST” surface normal to south. A +ve angleis clockwise.
(i.e. aNorth facing wall would have an orientation of 180°)

For transparent Elements (those using Transparent Constructions) the following are required.
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IWINDOW TYPE="C
I

Required only for “transparent” elements. Selectsa glazing transmission charac-
teristic from those defined in the “construction” file by the 'WINDOW command.
The characteristic name must be enclosed in single quotes.

IPATCH TO#i FIRST =r ,and

IPATCH TO#i LAST =r
[l

Define a proportion (r:0-1) of the transmitted direct solar energy of current
element which will be directed to the “FIRST” or “LAST” surface of the nominated
element i. Thiscommand may be repeated within an element definition if the
transmitted beam is to go to many other elements (there is no check that the
combined proportion = 1.0). This command acts as a static sun patching specifica-
tion, the sunpatch is not determined dynamically.

The following are optional but commonly used commands to override default parameters for Elements

IABSORPTION FIRST =r ,and

IABSORPTION LAST =r
[0.7]

IGROUND REFL =r

Defines the shortwave absorption of the“FIRST” and "LAST" surfaces respectively.
Thisis an indication of surface colour, and is significant only for “opaque’ ele-
ments, as “transparent” elements have a transmission and absorption characteristic
defined separately.

[0.2]
Used only for externally connected elements. Defines the adjacent ground (or
nearby surface) reflectance for that element.
ISET FRAME=r
[assetin TOP)

ISET SOLARLOST =r

Setstheinitial value of frame blockage for windows. A blockage of 0.3 would
mean that 30% of the specified area of a window is opague to solar transmission.

[assetin TOP]

ISHADING =*¢C’
[NONE]

ISITESHADE="'c
[NONE]

Defines the back reflectance for this window. Thisis the fraction of calculated
solar transmission which is immediately lost to the building due to reflectance
back through the window. That proportion is assumed to have no effect on the
building energy balance.

Required for external elements only. Selects a shading template for the external
surface of external elements. The template name (referring to those defined by the
IMASK commandsin thisfile) must be enclosed in single quotes. The standard
template (unshaded) NONE does not need quotes.

Optional for externa elements. Selects a shading template for the external surface
of all external elements. The template name (referring to those defined by the
IMASK commands in this file) must be enclosed in single quotes. Site shading is
applied before individual surface shading, and the effect is cumulative.
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ITILT=r
[0.0 (vertica)]
Required only for externally connected elements. Defines tilt angle from the
“FIRST” surface normal to the horizon. A +veangleistilting up. (i.e. aground
floor would have atilt of 90°)

This command is for output information only. It does not affect the thermodynamic specification of the
element.

ICLASS=i

Nominates this element for inclusion in output classi. Classing can be used asa
means of summarising e ement data within the output file. A class could be all
south facing windows for instance. The data summarised for a class isthe total heat
flow through the surfaces (first and last independently) that comprise that class.
The element areas that make up the class are taken into account; the output value is
in kWh. There are up to 10 classes available. No elements belong to a class by
default. Not all elements need to be associated with a class.

The following removes an element from the calcultion chain, but does not affect any indexing. Thusawall may
be changed or removed without the need to re-index the entire layout file.

ISKIP
I

Removes an element from the calculation chain, without altering other elements indexing codes.

The following are less commonly commands.
IEMISSIVITY FIRST =r,and

IEMISSIVITY LAST =r
[0.9]
Definesthe longwave emissivity of the*FIRST” and "LAST" surfaces respectively.

IZONETOFIRST =i

IZONETOLAST =i
[as space connection]

Defines aradiant zone (i.e. a network of interconnecting surfaces) connection for
“FIRST” and "LAST" surfacesrespectively. Thedefault condition isthat Spacesand
Zones are identical, and thisis generally sufficient. A Zonein HTB2 isaradiant
enclosure, i.e. one bounded by physical surfaces. A Space however, may be
declared as having "virtual" surfaces (i.e. connecting directly to other Spaces). A
Zone may contain many such Spaces, however as no radiant transfer occurs by
default across virtual connections, explicit declaration of Zone connections may be
required. Zones are defined when radiant transfer must occur across el ements, or
between spaces.
Zone numbers are defined here as used. If no zones are defined then the default
condition is used; Zones and Spaces are identical. If any zoneis defined then all
zone connections must be defined. The number of zones is always less or equal to
the number of spaces.

IPATCH DIFFUSE TO#i =r
[l

Define a proportion (r:0-1) of the transmitted diffuse solar energy of current
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element which will be directed to the nominated zonei. This command may be
repeated within an element definition if the transmitted energy is to go to many
other zones (there is no check that the combined proportion = 1.0). This command
overrides the default action, which is to send diffuse energy to the zone connecting
to th eelement in question.

The following affect the method of the calculation of surface heat transfer from the Element.
ISURFACEAREA FACTORFIRST =r ,or

ISURFACEAREA FACTORLAST =r
[1.0]
Determines a correction factor applied to the appropriate surface to modify the
convective transfer coefficients for that surface. Thus for a notional wall area, a
factor >1can be applied to allow for corrugations on one side (for instance on a
waffled ceiling structure.

ISURFACEAIRMOVEMENT FIRST =r ,or

ISURFACEAIRMOVEMENT LAST =r
[1.0]

Determines a correction factor applied to the appropriate surface to modify the
convective transfer coefficients calculated for that surface by the VARIABLE
option. That option requires alocal air speed; thisis notionally taken as the mean
space air speed (see teh Building definition file description) times this multiplier
factor.. Thusone surface of wall may be expected to have a higher than average
local air movement ( alarge cold surface, or awall near aventilating outlet for
instance.

ISURFACEHTCSFIRST =r,r,r ,and

ISURFACEHTCSLAST =r1,1,1
[HTC defaults as defined in Top Level]

Applies convective transfer heat coefficients to appropriate surface of this Ele-
ment. Applicable only when the Fixed coeffcient option is selected (the default).
Through this command, different transfer coefficients may be applied idependantly
to the two surfaces of an Element. The commands available in the Top Level apply
to both sides. Not thatvalues applied here will not affect the extrnal transfer
coefficients.

ISURFACESCALEFACTOR=r
[3.0 mfor awall, CAREA for afloor or ceiling]
Determines the scale factor used when calculating convective transfer coefficients
usingtheVARIABLE option.

ISURFACE SHELTER=r,r,r,r,r,r,r,r
[1.0for al]
Applies a shelter fraction for 8 wind sectors (starting south and in 45 degree steps
clockwise). The shelter fraction will moderate the meteorolgical wind speed used
in the calculation of windward external convective heat transfer.

ISURFACE TRANSFER FIXED ,or
ISURFACETRANSFERVARIABLE
[defaults as defined in Top Level]

Determines the algorithm used to calculate convective transfer coefficients for
this Element.
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ICAVITY VENT FACTOR=r,T,1,1
i
Sets the coefficients A,B,C,D for aventilated cavity. These will be used to deter-
mine the flow rate through the cavity. The flow will be determined as:
Q (m3/s) = [A + B*(windspeed) + C*(sgrt(temp diff)) ] *D, where
the parameter A is afixed background infiltration flow rate,
B isthe wind component and
C the stack component of the cavity flow rate,
D isamultiplier, that can be varied in the Diary.
If D issetto Othereisno ventilation, and the cavity behaves as a standard
type -1.
An error message will be generated if an element using a ventilated cavity con-
struction does not define these data. There are no default values.

ICAVITY VENT CONNECTION =i
I

Sets the space to which a ventilated cavity will communicate.

The following define a shading mask for use in the Element descriptions.
IMASK‘C

Starts definition of a shading mask. Mask name is taken from the string enclosed in
single quotes (up to 10 characters). Must be paired with an 'END command and
must be followed by a mask table made up from transmission values (i.e. fraction
of solar allowed through to fall on surface) in 10 degree sectors, from azimuth = 0
to 360° (clockwise from south), and altitude = 0 to 90° (horizon to zenith). The
table comprises 36 lines of 9 values, i.e. one line refers to the 9 atitude values for
the appropriate azimuth. No comments may beincluded within IMASK/'END
block.

IEND

n‘a
Ends amask definition.
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B.SMATERIALSFILES
There are two materialslists available to each run of the model, a standard library file, such as STDMAT.LBY,
which contains common materialsin a direct accessfile, and a users library file which may contain data for the
properties of any material required by the user in afile which may be altered by a standard editor.
b.5.1STANDARDMATERIALSLIBRARY
Thematerials at present in the standard materiaslibrary, (STDMAT.LBY assupplied with HTB2) are:

MATERIALSPROPERTIESFILE - STANDARD - nov/84

code mat eri al nane conductivity density spec. heat

WmcC Kg/ n? J/ Kg/ C
1 ‘BRI CK (QUTER LEAF)’ 0. 840 2000.0 680.0
2 ‘BRI CK (I NNER LEAF)’ 0. 620 1800.0 840.0
3 ‘BREEZE BLOCK 0. 440 1500. 0 650. 0
4 ‘' VERM CULI TE | NSULATI NG BLOCK' 0. 270 700.0 837.0
5 ‘“ ASBESTOS CEMENT’ 0. 500 1500. 0 1000. 0
6 ‘ ASBESTOS CEMENT SHEET’ 0. 360 700.0 1050.0
7 ‘BITUMEN FELT 0. 500 1700.0 1000.0
8 ‘' ROCFI NG FELT 0. 190 960.0 837.0
9 ‘ MASTI C ROOFI NG 1. 150 2325.0 1946.0
10 ‘ CONCRETE ( HEAVY M X)'’ 1. 400 2100.0 653.0
11 * CONCRETE (LIGHT M X)"’ 0. 380 1200.0 653.0
12 * AERATED CONCRETE' 0. 160 500.0 840.0
13 ‘ AERATED CONCRETE BLOCK 0. 240 750.0 1000.0
14 * REFACTORY | NSULATI NG CONCRETE' 0. 250 10.0 837.0
15 * VERM CULI TE AGGREGATE CONCRETE' 0. 170 450.0 837.0
16 ‘ LI GHT CONCRETE SCREED 0.410 1200.0 840.0
17 * CAST CONCRETE SCREED 1. 280 2100.0 1007.0
18 * GRANOLI THI C SCREED 0. 870 2085.0 837.0
19 * WH TE RENDER 0. 500 1300.0 1000. 0
20 ‘' CEMENT SCREED 1. 400 2100.0 650. 0
21 * CLAY TILES 0. 850 1900.0 837.0
22 * CONCRETE TI LES 1.100 2100.0 837.0
23 ' SLATE TI LES 2. 000 2700.0 650. 0
24 ' PLASTI C Tl LES 0. 500 1050.0 837.0
25 * RUBBER TI LES’ 0. 300 1600.0 2000.0
26 ‘ CORK TI LES 0. 080 530.0 1800. 0
27 ' ASPHALT/ ASBESTCS Tl LES 0. 550 1900. 0 837.0
28 ‘' P. V. C./ ASBESTCS Tl LES 0. 850 2000.0 837.0
29 ' CEl LI NG TI LES M NERAL' 0. 030 290.0 2000.0
30 ‘ CEl LI NG Tl LES PLASTER 0. 380 1120.0 840.0
31 ‘ SANDSTONE' 1.830 2200.0 712.0
32 "GRANITE ¢ 2.900 2650.0 900.0
33 ‘ MARBLE' 2. 000 2500.0 880.0
34 * PLASTER DENSE 0. 500 1300.0 1000. 0
35 ‘ PLASTER LI GHT’ 0. 160 600.0 1000. 0
36 * GYPSUM PLASTERBQOARD 0. 190 950.0 840.0
37 ' PERLI TE PLASTERBOARD 0. 180 800.0 837.0
38 * GYPSUM PLASTERI NG 0. 420 1200.0 837.0
39 ‘ PERLI TE PLASTERI NG 0. 080 400.0 837.0
40 * VERM CULI TE PLASTERI NG 0. 200 720.0 837.0
41 * WOOD BLOCK 0. 160 800.0 2093.0
42 * MEDI UM HARDBQARD * 0. 080 600. 0 2000.0
43 * STANDARD HARDBOARD 0. 130 900.0 2000.0
44 ' FIR (20%noi st)’ 0. 140 419.0 2720.0
45 * FLOORI NG BOARD 0. 140 600. 0 1210.0
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46 ‘ CORK BOARD 0. 040 160.0 1888.0
47 ‘ CH PBOARD 0. 150 800.0 2093.0
48 * WEATHERBOARD 0. 140 650.0 2000. 0
49 ' OQAK (radial)’ 0. 190 700.0 2390.0
50 ‘ PLYWOCD 0. 150 560. 0 2500.0
51 * WLTON CARPET’ 0. 060 186.0 1360.0
52 * SYNTHETI C CARPET’ 0. 060 160.0 2500.0
53 ‘WOOL FELT UNDERLAY 0. 040 160.0 1360.0
54 * RUBBER UNDERLAY’ 0. 100 400.0 1360.0
55 ' UREA FORVALDEHYDE FOAM 0. 030 30.0 1674.0
56 ‘ FI BREBOARD 0. 060 300.0 1000.0
57 * WOODWOCL' 0. 100 500.0 1000.0
58 ‘ GLASSWOAL! 0. 040 250.0 840.0
59 ‘ THERMALI TE 0. 030 753.0 837.0
60 ' POLYURETHANE FOAM BOARD 0. 030 30.0 837.0
61 * S| POREX 0.120 550.0 1004.0
62 ‘' PVC 0. 160 1379.0 1004.0
63 ‘ POLYSTYRENE 0. 030 25.0 1380.0
64 ' C & CA POLYSTYRENE 0. 040 13.6 1380.0
65 * W NDOW GLASS’ 1. 050 2500.0 750.0
66 ‘ EARTH 1. 280 1460.0 879.0

This datais created as a formatted, direct access file. Each record is 80 characterslong. Each materia is
indexed by its position in this file with the first materials data starting at record 5. Thus material #2 is“BRICK
(INNER LEAF)” and isfound at record 6. The first four records may be used for information text asin the
standard file. The number in the first 3 columns, and the material name is for information only, they are not
used by HTB2. The numeric data starts at column 37 and is contained in 12 character wide columns. The datais
read by the format (BN,36X,3F12.3) and is conductivity (W/m?/°C), density (kg/m®) and specific heat (Jkg/
°C).

b.5.2USERMATERIALSFILE

The user materials file is a simple text sequential file which may be created by an editor. Thefileisto be
formatted as follows;

(for each material in file)
arecord(line) with the material code number , and
arecord with the materials conductivity (W/m/°C), density (Kg/m?®) and specific heat capacity (J
Kg/°C).

Thefileisread in afree format, but the material code number must be found in an odd numbered record with
the properties immediately following. There can be no comments between records

Asan example:

1 * special material X
0. 003 1200.0 800.0

12 * special material Y
10. 000 200.0 50.0

note that the users material code numbers need not be sequential.
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B.6SERVICESFILE

The servicesfile starts the defininition of the services (heating, lighting, etc.) to be included in the simulation.
These services are described as pointers to data files for each service type.

Note that the appropriate module must be enabled in the top-level file before any calculations will be carried
out.

COMMAND DEFAULT DESCRIPTION

ISERVICEID ¢

i
Defines a job identification string to be used in output files.

IHEATINGFILE="C

I
Nominates the heating definition datafile.

ILIGHTINGFILE="C

I
Nominates the lighting definition data file.

ISMALL POWERFILE="Cc
I

Nominates the small power definition data file.

IOCCUPANCY FILE="C
I

Nominates the occupancy definition data file.

IVENTILATIONFILE="C
I

Nominates the ventilation definition data file.

IEOF
Stops the input phase no matter what followsin the Servicesfile. This command
should be used routinely in al files as some computing system editors place

spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.
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B.7HEATINGFILE

This file defines the heating (and simple cooling) systems servicing the spaces of the building. There may be
many systems, with different characteristics, operating within the building, and a space may be served by more
than one system.

Heating systems are described in terms of their maximum output capacity, their output form and connections
(e.g. convective or radiant output, and the spaces and zones receiving the output), their output characteristic
(e.g. warm-up and cool-down time constants, and their controls (timeclocks and thermostats). Each system is
assigned a code number sequentialy in the order as specified in thisfile.

Each system so defined may be operated independently; each has its own specification, time clock controller,
thermostat controller, and connections list. Alternatively, anumber of heating systems may be controlled by a
single 'super' thermostat, termed a Master Stat.

By default, the heating system module provides an 'ldeal’ heating system, that is one that, within its' heat output
capability, will maintain the desired setpoint within a space. It will also have purely convective output. By
definition of suitable parameters, more realistic system and control characteristics may be defined, for in-
stance asin awet central heating system, a heat emitter within alounge, with a definite time constant for warm
up and cool-down and a control thermostat sensing a temperature of a second space (perhaps the hall). Thusa
perfect setpoint cannot be guaranteed, but the system will hunt around the desired temperature, according to
the interactions of the fabric, solar and internal spaces, and the heating system.

The standard heating system module of HTB2 calculates only the emitter end of a system, that is thereis no
central boiler model. Thus only energy requirements rather than fuel use are calculated. Estimates of correc-
tion factors for system efficiency must be applied to calculate fuel use.

An explicit storage heater module is available within this version of HTB2, developed and supplied by British
Gas.

Each heating system is defined between alHEATSY Sand an |END pair.
Commandsavailableare;

COMMAND FORMAT DEFAULT VALUE
DESCRIPTION

Commonly used heating system commands are:

IHEATSYS'C
I
Starts a system definition list. System name is taken as the string between single
guotes. Must be paired with an 'END statement.
IEND
Ends and closes a system definition.
IEOF
I

Stops the input phase no matter what follows in the Heating file. This command
should be used routinely in al files as some computing system editors place
spurious symbols at the end of afile, and these can be interpreted as errors by
HTB2.

The following commands detail the heat emitter characteristics, and are generally required;

IPOWER OUTPUT = r
[unlimited]
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Defines the maximum heat output available, in KW. The default, when used with the
ideal ‘stat, will always maintain the setpoint. The default value should not be used
with any other 'stat option; in those cases more realistic values must be supplied.

ICONVECTIVECONNECTIONS

n‘a

Starts the definition list of convective output (if any). Must be followed by output
spaces and proportions, as follows, and paired witha“}” at the end of thelist. The
command may be omitted if there are no convective connections. Thereis no
check that the complete output list totals to 1.0.

Defines proportion r (0-1) of system convective output (i.e. after the split has been
applied) directed to spacei. Line is repeated for as many output connections as
required. Thiscommand will also apportion any water generation that has been
specified, by the same proportions.

The following commands detail the control characteristics, and are generally required;

ICLOCK START TIME #i

=hh:mm:ss |c ,and

ICLOCK STOPTIME #i = hh:mm:ss |c

[25:00:00]

ISETPOINT HEATING=r
[20.0]

ISETPOINT COOLING=r

Defines time for Switch ON and OFF respectively, for controlled periodi. Times
arein 24 hr clock format, must follow the format shown. There are up to 5 control
periods available. Multiple control periods must be specified in time order.
Multiple control periods (up to 3 in standard version) must be specified in time
order. The default value effectively disables time clock action for all periods. If
no time clock is described for a system, it will always be OFF unless switched via
thediary.
The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control is to apply to,
starting with Monday, (if not applicable the dash isused). Thus

ICLOCK START TIME#3=18:30:00 | MTWTF--
denotes the 3rd clock period will start at 18:30 for mondays through fridays.

Defines the required sensed temperature during system “ON” time. Any deadband
will be centered on that value.

Enables and defines setpoint for the optiona “flattop” cooling system. If used air
temperature will not be allowed to raise above value; cooling system capacity is
assumed to be infinite.

These commands may be required for more realistic heating system simulation.

ISPLIT=r, r , r
[1.0,0.0,0.0]

ITIME CONSTANT = r

Defines system output splitsto CONVECTIVE, RADIANT, and INFRASTRUC-
TURE output types, each as afraction of 1. Thereisno internal check on the sum
of these fractions. N.B. the IDEAL ‘stat requires a 100% convective system.

LT

B-36



[0.0,0.0]

IDELAY LAG= r
[0.0]
IRADIANT DIFFUSE, or

IRADIANT DIRECT
[direct]

Defines exponentia time-constants, in seconds, for response of system output
after a control change. There are separate time-constants for warm-up and cool-
down. Default values correspond to an ideal immediate response characteristic.

Defines any time lags in the response of the system to control changes, in seconds.

Selects the radiant output type of a system. A diffuse source irradiates all surfaces
in azone on aareaweighting basis. A direct source irradiates only selected sur-
faces.

IRADIANT CONNECTIONS

n‘a

Starts the definition list of radiant output (if any). Must be followed by output
surfaces (or zones if diffuse source specified) and proportions, as follows, and
paired witha“}” at the end of the list. The command may be omitted if there are no
radiant connections. There is no check that the complete output list totals to 1.0.

_FIRST # =r,or _LAST# =7

I

_ZONE# =t
I

IDIRECT CONNECTIONS

n‘a

CHATIL =12
I

Defines proportion r (0-1) of system radiant output (i.e. after the split has been
applied) directed to FIRST {LAST} surface of element i. Lineis repeated for as
many output connections as required. Thisform isfor use only with systems
declared RADIANT DIRECT.

Defines proportion r (0-1) of system radiant output (i.e. after the split has been
applied) directed to ZONE i. Line is repeated for as many output connections as
required. Thisform isfor use with systems declared as RADIANT DIFFUSE.

Starts the definition list of infrastructure (i.e. underfloor) output (if any). Must be
followed by output elements and proportions, as follows, and paired witha“}” at
the end of the list. The command may be omitted if there are no direct connections.
There is no check that the complete output list totals to 1.0.

Defines proportion r2 (0-1) of system direct output (i.e. after the split has been
applied) directed to element i, at a depth of rl1 from the FIRST surface. Lineis
repeated for as many output connections as required.

These commands detail the temperature sensing and control characteristics of the system.

ISTATTYPEIDEAL,or

ISTAT TY PEON/OFF, or

ISTATTYPEPROPORTIONAL

[IDEAL]

Defines system thermostat strategy. “ ON/OFF” type either asks for maximum or
no heat from system. “IDEAL" type selects a perfect proportional control, ‘ stat
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IDEADBAND =r
[0.0]

IBANDWIDTH =r
[0.0]

ISTAT CONSTANT =r
[0.0]

ISTATDELAY =r
[0.0]

asks system for exact amount of heat required to maintain set point (the ability of
system to provide heat is controlled by its time-constants and maximum output).
“PROPORTIONAL" selects aband proportional control, the * stat asks system for
heat according to the shortfall from setpoint temperature, proportiona to the
specified bandwidth.

N.B. the“IDEAL" controller requires afully convective system, with fully convec-
tive sensors, and each system may be connected to only one space.

Defines a deadband about the heating system setpoint. The setpoint will be at the
centre of the deadband.

Defines proportional bandwidth (°C); Required for ‘stat type 3 only, else should be
left at 0.0. Refersto the control range of ‘stat, i.e. if set to 5 degree, 100% system
output would be demanded if sensed temp was 5 degrees less than setpoint, 50% if
2.5 degree below setpoint, or 0% if at or higher than setpoint.

Defines a time constant (seconds) for response of stat sensor. Applies to both
warm-up and cool-down. Default corresponds to an immediate response ideal * stat.

Defines any time lag (seconds) in sensor response to environment changes.

ISETPOINT SETBACK ON =r @ hh:mm:ss|c

[0.0]

Defines an amount of setback (in degree C) to apply to the thermostat at the time
defined by hh:mm:ss. Asin the timeclock control, a 7day option is available,
defined by the word c (see the |CLOCK command description).

ISETPOINT SETBACK OFF @ hh:mm:ss|c

I

Defines the time the night setback feature will be turned off (i.e. 'stat returned to
its defined setpoint). See 'SETPOINT SETBACK ON above. Asin thetimeclock
control, a 7day option is available, defined by the word ¢ (see the |CLOCK com-
mand description).

IACCELERATORADDS=r

[0.0]

IACCELERATORTC=r
[0.0]

ISTAT RAD DIFFUSE, or

ISTATRADDIRECT
[DIFFUSE]

Defines maximum temperature (°C) increase accelerator adds to sensed tempera
ture, when system is on and providing heat. Default value disables accelerator
option.

Defines time constant (seconds) for growth to maximum of additional temperature
derived from ‘stat accelerator.

Determines the nature of the radiant response of the thermostat. The DIFFUSE
type will refer to the determined net radiant temperature of zones, while the
DIRECT type will refer to the effective radiant temperature “seen” by specific
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ISTAT COUPLING = r
[1.0,0.0,0.0]

surfaces.
r,r

Defines coupling coefficients (0-1) of ‘stat sensor to CONVECTIVE, RADIANT
and SURFA CE temperature sources. Sensed temperature will be determined from a
weighted sum of these temperatures. The thermostat’s equivalent of the system
output SPLIT.

ISTATAIRCONNECTIONS

n‘a

Il
—

#

Starts the definition list of sensed air temperatures (if any). Must be followed by
sensed spaces and weightings, as follows, and paired witha“}” at the end of thelist.
The command may be omitted if there are no air connections. Thereis no check
that the complete weighting totals to 1.0.

Defines weighting r (0-1) of spacei air temperature in the sensed air component
(i.e. before the coupling coefficients are applied). Line is repeated for as many
space connections as required.

ISTATRAD CONNECTIONS

n‘a

Starts the definition list of sensed radiant temperatures (if any). Must be followed
by surfaces (or zones if diffuse stat specified) and coefficients, as follows, and
paired witha“}” at the end of the list. The command may be omitted if there are no
radiant connections. There is no check that the complete weighting list totals to
1.0.

_FIRST # =r,or _LAST# =7

I

_ZONE# =t
I

Definesweighting r (0-1) of radiant temperature “seen” by FIRST {LAST} surface
of element i. Lineis repeated for as many output connections as required. This
form is for use with DIRECT sensors.

Defines weighting r (0-1) of radiant temperature of ZONE i. Line is repeated for as
many output connections as required. This form is for use with sensors declared as
DIFFUSE.

ISTAT SURFACECONNECTIONS

n‘a

Starts the definition list of sensed surface temperatures (if any). Must be followed
by surface and weightings, asfollows, and paired witha“}” at the end of thelist.
The command may be omitted if there are no surface connections. There is ho
check that the complete weighting totals to 1.0.

_FIRST# =r,or _LAST#i=r

I

IWATEROUTPUT =r
[0.0]

IFROST SETPOINT =r

Defines weighting (0-1) of surface temperature of element i. Line is repeated for
as many output connections as required.

Defines an optional water vapour generation maximum in g/s. Water generation
rate is proportionately coupled to the system heat output.
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[0.0]
Defines lower limit setpoint for optional frost protection system (selected in top-
level). Frost protection may be used to maintain a minimum air temperature when
the system status is “ off”. The frost thermostat is separate from the main *stat and
can only be connected to air temperature (note that it can be connected to external
air temperature by specifying space 0 as a connection).

IFROST OUTPUT =1
[0.0]
Defines the proportion of the heating system maximum output (cf. POWER
OUTPUT) available for frost protection (0-1). The frost system will only work
whenitis“ENABLED” in the Top-levd file.

IFROST CONNECTIONS

n‘a
Starts the definition list of sensed air temperatures for frost system (if any). Must
be followed by sensed spaces and weightings, as follows, and paired witha*“}” at
the end of the list. The command may be omitted if there is no frost system. There
is no check that the complete weighting totals to 1.0.
Hio=
i

Defines weighting r (0-1) of spacei air temperature in the sensed air component
Lineis repeated for as many space connections as required.

These commands define Master Thermostats, that is thermostats which may be controlling a number of heating
systems, overriding the heating system's own thermostat. An example might be a hall thermostat controlling a
number of individual radiatorswith TRVs. Theradiatorsarethentheindividua heating systems, the TRVsare
the local system 'stat controls, and the hall thermostat the master; the systems can supply heat only when
enabled by the master 'stat but may be individually restricted by the local 'stat.

Master 'stats may have all the characteristics available for heating system thermostats, apart from !STAT
DELAY,!STATBANDWIDTH, !SETPOINT COOLING, and!STAT TYPE. Master statsareawaysof the"ON/
OFF" type.

IMASTERSTAT'c
I
Starts amaster 'stat definition list. The 'stat name is taken as the string between
single quotes. Must be paired with an 'END statement, and may not appear within a
heating system definition list. There are no master 'stats by defaullt.
IEND
Ends and closes a system definition.
ISYSTEMSCONTROLLED
I

Starts the definition list of the system index codes (allocated sequentially by the
IHEATSY S commands within the heating file) that are to be controlled by this
master 'stat. Must be followed by system indices, and paired with a“}” to end the
list. There are no default connections.
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These commands in this file define the Storage Heating systems servicing the spaces of the building. There
may be many such systems, with different characteristics, operating within the building, and a space may be
served by more than one system.

Each system defined operates independently, each has its own specification, time clock controller, thermostat
controller, and connections list. Each system is assigned a code number sequentially in the order specified in
thisfile. They may be intermixed with standard HTB2 heating systems.

Commandsavailableare;

COMMAND FORMAT
DEFAULTVALUE
DESCRIPTION

ISTORAGESYS'C
I
Starts a storage system definition list. System name is taken as the string between
single quotes. Must be paired with an !END statement. Characteristics of storage
systems will be determined with the BG1.1 storage system agorithms.

The following commands detail the storage system characteristics, many of these parallel options available in
standard HTB2 heating systems:

These configure the output characteristics of the storage heater;

ITYPEC
[FAN]
Where ¢ may be one of FAN, MANUAL DAMPER, AUTOMATIC DAMPER or
SIMPLE. Selects storage system control type. The SIMPLE option for the storage
system type sets a system that has no output other than from the case, i.e. there is
no damper, fan or additional heater.

IPOWERDIRECT = r
[0.0]
Defines the maximum heat output available, in kW, from the optional direct heater.

IPOWER INPUT = r
[0.0]
Defines the maximum charging heat input, in KW, available to the storage core.

IPOWERADDITIONAL =r
[0.0]
Defines the output potential for the additional heater for a storage system. Thisis
similar to the 'POWER DIRECT command, but that set both the additional and
damper outputsto the samelevel. Using 'POWER ADDITIONAL = 0.0, rather than
IPOWER DIRECT = 0.0, allows heat output from a damper circuit, but not from an
additional (i.e. peak rate) heater.

ISPLITDIRECT =r.r ,rr ,or

ISPLITCASE=r.r ,r.r
[1.0, 0.0]
Defines, for the storage heater option, the output splits in convective, and radiant
components, for the the additional heater output, and the case output respectively.
The core (or damper/fan) output, is always assumed to be convective.

IRADIANT DIFFUSE, or
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IRADIANT DIRECT
[direct]
Selects the radiant output type of a system. A diffuse source irradiates all surfaces
in azone on aareaweighting basis. A direct source irradiates only selected sur-
faces.

ICONVECTIVECONNECTIONS

n‘a
Starts the definition list of convective output (if any). Must be followed by output
spaces and proportions, as follows, and paired witha“}” at the end of thelist. The
command may be omitted if there are no convective connections. Thereis no
check that the complete output list totals to 1.0.
Hio=
i

Defines proportion r (0-1) of system convective output (i.e. after the split has been
applied) directed to spacei. Line is repeated for as many output connections as
required. Thiscommand will also apportion any water generation that has been
specified, by the same proportions.

IRADIANT CONNECTIONS
n‘a
Starts the definition list of radiant output (if any). Must be followed by output
surfaces (or zones if diffuse source specified) and proportions, as follows, and
paired with a“}” at the end of the list. The command may be omitted if there are no
radiant connections. There is no check that the complete output list totals to 1.0.

_FIRST # =r,or _LAST# =7

I
Defines proportion r (0-1) of system radiant output (i.e. after the split has been
applied) directed to FIRST {LAST} surface of element i. Lineis repeated for as
many output connections as required. Thisform isfor use only with systems
declared RADIANT DIRECT.
_ZONE# =r
I

Defines proportion r (0-1) of system radiant output (i.e. after the split has been
applied) directed to ZONE i. Line is repeated for as many output connections as
required. Thisform isfor use with systems declared as RADIANT DIFFUSE.

These define the thermophysical characteristics of the unit;

ICHARGE CAPACITY =7
[42.0]
Defines the total heat storage capacity of the system, in kwh.

ITHERMAL CAPACITY =r
[0.0575]
Defines the thermal storage coefficient of the system core, in kWh/C.

ICONDUCTIVITY CASE=r
[0.1712]
Defines the thermal conductivity, in W/C, of the system case. This reflects the
construction of the casing. The heat transfer takes place between the space air
temperature and the core material temperature.

ICONDUCTIVITY FAN =
[3.2534]
Defines the effective "thermal conductivity”, in W/C, of the fan/damper system.
This reflects the maximum ability of the system to transfer heat in "boost" mode.
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In afan system this would be related to the fan flow, in a damper system to the
maximum convective heat exchange due to buoyancy. The heat transfer takes place
between the space air temperature and the core material temperature.

The following define the heat output control characteristics. Note that only the fan/damper and additional
heater are controlled, the casing heat |osses are uncontrolled and continuous, depending only on the charge
state of the core.

ICLOCK START TIME # = hh:mm:ss|c ,or

ICLOCK STOPTIME #i = hh:mm:ss|c
[25:00:00]
Defines time for Switch ON and OFF (in 24 hr clock format, must follow format
shown) for controlled period i. Multiple control periods (up to 5 in standard
version) must be specified in time order. Default value effectively disables time
clock action.
The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control isto apply to,
starting with Monday, (if not applicable the dash isused). Thus
ICLOCK START TIME#3=18:30:00 | MTWTF--
denotes the 3rd clock period will start at 18:30 for mondays through fridays.

ISETPOINT OUTPUT =r
[20.0]
Defines the required sensed temperature (C) during system output “ON” time. Any
deadband will be centered on that value.

IDEADBAND OUTPUT =1
[0.0]
Defines a deadband about the output system setpoint. The setpoint will be at the
centre of the deadband.

ISTATOUTPUT CONSTANT =r
[0.0]
Defines a time constant (seconds) for response of stat sensor. Applies to both
warm-up and cool-down. Default corresponds to an immediate response ideal * stat.

ISTATOUTPUT AIRCONNECTIONS

n‘a
Starts the definition list of sensed air temperatures (if any). Must be followed by
sensed spaces and weightings, as follows, and paired witha*“}” at the end of thelist.
The command may be omitted if there are no air connections. Thereis no check
that the complete weighting totals to 1.0.
Hio=
i

Defines weighting r (0-1) of spacei air temperature in the sensed air component
(i.e. before the coupling coefficients are applied). Line is repeated for as many
space connections as required.

The following define the charge input strategy;

ICHARGE CLOCK NIGHT START TIME =hh:mm:ss , and
[23:00:00]
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ICHARGE CLOCK NIGHT STOPTIME =hh:mm:ss
[06:00:00]
Define times for charging (in 24 hr clock format, must follow format shown) for
the evening economy rate charge period.

ICHARGE CLOCK DAY START TIME =hh:mm:ss , and
[06:00:00]

ICHARGE CLOCK DAY STOPTIME =hh:mm:ss
[06:00:00]
Define times for charging (in 24 hr clock format, must follow format shown) for
an optional day-time economy rate charge period.

The following define an optional input charge control thermostat, varying charge according to building condi-
tions.

IINPUT STAT ENABLE
Enables the optional input charge control thermostat.

ISTATINPUTTYPE =c
[CORE]
Where ¢ may be one of CORE, ON/OFF, or PROPORTIONAL . Selects storage
system input control type. The CORE option aways charges the core to its maxi-
mum capacity (if there is sufficient time and input power). ON/OFF and
PROPORTIONAL types vary the charge according to the action of the charge 'stat.

ICHARGE STAT NIGHT =r @ hh:mm:ss
[20.0]
Define critical point for charge stat asr (C) at time given. Up to 21 such (different)
times may be defined. Must be in sequential time order. If the sensed 'stat tem-
perature is greater than this value, the core will not be charged for that period.
Note that the 'stat sensor cannot be connected to the core state.

ICHARGE STAT DAY =r @ hh:mm:ss
[0.0]
Define critical point for charge stat asr (C) at time given. up to 9 such (different)
times may be defined. Must be in sequential time order.

IDEADBAND INPUT =1
[0.0]
Defines a deadband about the output system setpoint. The setpoint will be at the
centre of the deadband.

IBANDWIDTH INPUT =¥
[0.0]
Defines proportional bandwidth (°C) for input charge stat. Used for proportional
‘stat type only.

ISTATINPUT CONSTANT =r
[0.0]
Defines a time constant (seconds) for response of stat sensor. Applies to both
warm-up and cool-down. Default corresponds to an immediate response ideal * stat.

ISTATINPUT COUPLING=r , r o
[1.0,0.0,0.0]
Defines coupling coefficients (0-1) of ‘stat sensor to CONVECTIVE, RADIANT
and SURFA CE temperature sources. Sensed temperature will be determined from a
weighted sum of these temperatures. The thermostat’s equivalent of the system
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output SPLIT.

ISTATINPUT AIRCONNECTIONS

n/a
Starts the definition list of sensed air temperatures (if any). Must be followed by
sensed spaces and weightings, as follows, and paired witha“}” at the end of thelist.
The command may be omitted if there are no air connections. Thereis no check
that the complete weighting totals to 1.0.
Hio=
i

Defines weighting r (0-1) of spacei air temperature in the sensed air component
(i.e. before the coupling coefficients are applied). Line is repeated for as many
space connections as required.

ISTATINPUT RAD DIFFUSE, or

ISTATINPUT RAD DIRECT
[DIFFUSE]
Determines the nature of the radiant response of the thermostat. The DIFFUSE
type will refer to the determined net radiant temperature of zones, while the
DIRECT type will refer to the effective radiant temperature “seen” by specific
surfaces.

ISTATINPUT RAD CONNECTIONS
n/a
Starts the definition list of sensed radiant temperatures (if any). Must be followed
by surfaces (or zones if diffuse stat specified) and coefficients, as follows, and
paired witha“}” at the end of the list. The command may be omitted if there are no
radiant connections. There is no check that the complete weighting list totals to

1.0.
_FIRST # =r,or _LAST# =7
i
Definesweighting r (0-1) of radiant temperature “seen” by FIRST {LAST} surface
of element i. Lineis repeated for as many output connections as required. This
form is for use with DIRECT sensors.
_ZONE# =r
i

Defines weighting r (0-1) of radiant temperature of ZONE i. Line is repeated for as
many output connections as required. This form is for use with sensors declared as
DIFFUSE.

ISTATINPUT SURFACE CONNECTIONS
n‘a
Starts the definition list of sensed surface temperatures (if any). Must be followed
by surface and weightings, asfollows, and paired witha“}” at the end of thelist.
The command may be omitted if there are no surface connections. There is ho
check that the complete weighting totals to 1.0.

_FIRST# =r,or _LAST#i=r

I
Defines weighting (0-1) of surface temperature of element i. Line is repeated for

as many output connections as required.

The following commands, from the standard HTB2 heating system, are not available for a storage system.

IPOWER OUTPUT
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IWATEROUTPUT
ISPLIT
ITIMECONSTANT
IDELAY LAG

In addition, MASTER STATs can not be used to control storage input charge systems.
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B.BLIGHTINGFILE

Thisfile defines the lighting circuits provided in the building. Lighting circuits are perceived by HTB2 to be
heat sources. There are no calculations of lighting level or quality.

Each source has an independent time clock. Each clock may now have up to 5 switched periods (start/stop
pairs and output fraction). Each period may be prescribed to occur on any of 7 days;, Monday, Tuesday,
Wednesday, Thursday, Friday, Saturday, Sunday in any combination (that is M-W-FSS would denote the clock
period active for Monday, Wednesday, Friday, Saturday and Sunday). The output fraction for any clock period
may aso be specified for a7 day clock. The command format is otherwise similar to that used for heating
systems. The circuit must be set in "Automatic" mode for these clock controlsto apply. "Automatic’ modeis
the default for lighting circuits, but this may be altered through the diary.

Each such circuit may operate independently, each has its own output spec., time clocks, and heat output
connection lists. Each circuit is assigned a code number sequentially asit is defined in thisfile.

Commandsavailableare;

COMMAND FORMAT DEFAULT VALUE
DESCRIPTION

ILIGHTSYS'C
I

Starts a circuit definition list. Circuit name is taken as the string between single
guotes. Must be paired with an 'END statement.

The following commands detail the heat emission characteristics:

IHEAT OUTPUT =r

i
Defines the maximum heat output produced by the circuit, in Watts.

ISPLIT =71, r
[1.0,0.0]
Defines system output splitsto CONVECTIVE, and RADIANT output types, each
as afraction of 1. Thereisno internal check on the sum of these fractions. Radiant
output is assumed to be diffuse.

ICONVECTIVECONNECTIONS

n‘a
Starts the definition list of convective output (if any). Must be followed by output
spaces and proportions, as follows, and paired witha“}” at the end of thelist. The
command may be omitted if there are no convective connections. Thereis no
check that the complete output list totals to 1.0.
Hio=
i

Defines proportion r (0-1) of circuit convective output (i.e. after the split has been
applied) directed to spacei. Line is repeated for as many output connections as
required.

IRADIANT CONNECTIONS
n‘a
Starts the definition list of radiant output (if any). Must be followed by output
zones and proportions, as follows, and paired with a“}” at the end of thelist. The
command may be omitted if there are no radiant connections. Thereis no check
that the complete output list totals to 1.0.
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Defines proportion r (0-1) of circuit radiant output (i.e. after the split has been
applied) directed to ZONE i. Line is repeated for as many output connections as
required.

The following commands detail the time control stategies (if any.. omit if control is purely from the diary.)

ICLOCK START TIME#i =hh:mm:ss|c ,or

ICLOCK STOPTIME #i = hh:mm:ss|c

[25:00:00]

Defines time for Switch ON (in 24 hr clock format, must follow format shown) for
controlled periodi. Should be paired with |CLOCK STOP TIME command below.
Multiple control periods (up to 5 in standard version) must be specified in time
order. Default value effectively disables time clock action.
The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control is to apply to,
starting with Monday, (if not applicable the dash isused). Thus

ICLOCK START TIME#3=18:30:00 | MTWTF--
denotes the 3rd clock period will start at 18:30 for mondays through fridays.

ICLOCK PROPORTION #i =t |C

[0.0]

Defines the circuit output, as a fraction of the maximum circuit output, for the
controlled period i.

The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control isto apply to,
starting with Monday, (if not applicable the dash is used). See!CLOCK command
above.

These commands detail the optional lighting control module, which switches lighting loads according to
external light availability. This option must be enabled in the top-level file.

IDAY LOAD =1
[1.0]

INIGHT LOAD =1
[1.0]

ITHRESHOLD =t
[0.0]

IEND
n‘a

Defines proportion of maximum circuit load available during “daylight” conditions,
i.e. when external solar irradiation is > threshold set below.

Defines proportion of maximum circuit load available during “night” conditions,
i.e. when external solar irradiation is < threshold set below.

Defines threshold external horizontal irradiance (W/m2) for light load switching.
N.B. External daylight levels are approximately related to solar irradiance by an
average luminous efficacy of the sky.

Ends and closes a circuit definition.
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B.OSMALL POWERFILE
This file defines the small power sources. These are perceived as sources of incidental heat gain by HTB2.

Each source may have an independent time clock. Each clock may have up to 5 switched periods (start/stop
pairs and output fraction). Each period may be prescribed to occur on any of 7 days;, Monday, Tuesday,
Wednesday, Thursday, Friday, Saturday, Sunday in any combination (that is M-W-FSS would denote the clock
period active for Monday, Wednesday, Friday, Saturday and Sunday). The output fraction for any clock period
may also be specified for a7 day clock. The command format is otherwise similar to that used for heating
systems. The circuit must be set in "Automatic' mode for these clock controls to apply.

Each such source may operate independently, each has its own output spec. and connection lists. A sourceis
controlled through the diary, or optionally through atime clock control asin heating and lighting systems. Each
source is assigned a code number sequentially asit is defined in thisfile.

Commandsavailableare;

COMMAND FORMAT DEFAULTVALUE
DESCRIPTION

ISMALL POWER'C’
I

Starts a circuit definition list. Circuit name is taken as the string between single
guotes. Must be paired with an 'END statement.

The following commands detail the heat emission characteristics:

IHEAT OUTPUT =r

i
Defines the maximum heat output produced by the source, in Watts.

IWATEROUTPUT =r
I

Defines the optional maximum water vapour generation of the source, in g/s.
Actual water generation is proportional to the source heat output.

HNITIAL FRACTION=r

[0.0]
Defines the initial output setting as a proportion of the declared maximum. Note
that small power sources are considered to be OFF, unless manually swithced on
viathe diary, or switched on via the time clock controls.
ISPLIT=r1, r
[1.0,0.0]

Defines system output splitsto CONVECTIVE, and RADIANT output types, each
as afraction of 1. Thereis no internal check on the sum of these fractions.

IRAD DIFFUSE, or

IRADDIRECT
[DIFFUSE]
Selects the radiant output type of the source. A diffuse source irradiates all sur-
facesin a zone on aareaweighting basis. A direct source irradiates only selected
surfaces.

ICONVECTIVECONNECTIONS
n‘a
Starts the definition list of convective output (if any). Must be followed by output
spaces and proportions, as follows, and paired witha“}” at the end of thelist. The
command may be omitted if there are no convective connections. Thereis no
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check that the complete output list totals to 1.0.

Defines proportion r (0-1) of source convective output (i.e. after the split has been
applied) directed to spacei. Line is repeated for as many output connections as
required.

IRADIANT CONNECTIONS

n‘a

_FIRST # =r,0r

_LAST# =1
I

Starts the definition list of radiant output (if any). Must be followed by output
zones and proportions, as follows, and paired witha“}” at the end of thelist. The
command may be omitted if there are no radiant connections. Thereis no check
that the complete output list totals to 1.0.

Defines proportion r (0-1) of source radiant output (i.e. after the split has been
applied) directed to ZONE i. Line is repeated for as many output connections as
required. For use with DIFFUSE sources.

Defines proportion r (0-1) of system radiant output (i.e. after the split has been
applied) directed to FIRST {LAST} surface of element i. Lineis repeated for as
many output connections as required. Thisform isfor use with DIRECT systems.

The following commands detail the time control stategies (if any.. omit if control is purely from the diary.)

ICLOCK START TIME#i =hh:mm:ss|c ,or

ICLOCK STOPTIME #i = hh:mm:ss|c

[25:00:00]

Defines time for Switch ON (in 24 hr clock format, must follow format shown) for
controlled periodi. Should be paired with |CLOCK STOP TIME command below.
Multiple control periods (up to 5 in standard version) must be specified in time
order. Default value effectively disables time clock action.
The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control is to apply to,
starting with Monday, (if not applicable the dash isused). Thus

ICLOCK START TIME#3=18:30:00 | MTWTF--
denotes the 3rd clock period will start at 18:30 for mondays through fridays.

ICLOCK PROPORTION #i =t |C

[0.0]

IEND
n‘a

Defines the circuit output, as a fraction of the maximum circuit output, for the
controlled period i.

Ends and closes a source definition.
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B.100CCUPANCY FILE

Thisfile defines the occupancy heat gain parameters. Occupancy gains are declared and managed by space. A
spaces associated activity level (i.e. metabolic rate) and occupancy (i.e. number of occupants) can be changed
at any time. Thisfile defines the heat and water output associated with each activity level (3 available) for a
nominal occupant, within each space. Each space is defined independently.

Occupancy is controlled either through the diary, or through optional "time-clock™ controls. Each such time-
clock may now have up to 5 switched periods (start/stop pairs for occupancy level and activity). Each period
may be prescribed to occur on any of 7 days; Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday
in any combination (that is M-W-FSS would denote the clock period active for Monday, Wednesday, Friday,
Saturday and Sunday). The activity level and number of occupants associated with any clock period may also
be specified for a7 day clock. The command format is otherwise similar to that used for heating systems.
Note that for backwards compatibility, Occupancy is set for control through Diary only, to allow the time-
clocks to control, set the occupancy to "Automatic” through the diary.

Commandsavailableare;

COMMAND FORMAT DEFAULT VALUE
DESCRIPTION

IOCCUPANCY SPACE= i

i
Starts an occupancy definition for spacei. Must be paired with an 'END statement.

IACTIVITY LEVEL# =r , r
[1: 80.0 0.0]
[2:130.0 0.0]
[3:190.0 0.0]
Defines the metabolic rate (W), and water vapour generation (g/s), per occupant,
for each activity level option.

HNITIALLEVEL =r
[0.0]
Defines the initial number of occupants in the space. Activity level 1 is assumed.

ISPLIT=r1, r
[0.5,0.5]
Defines output splitsto CONVECTIVE, and RADIANT output types, each asa
fraction of 1. Thereis no internal check on the sum of these fractions. Radiant type
is diffuse. All heat output goes to the space named in the declaration, or the zone
containing it.

The following commands detail the time control stategies (if any.. omit if control is purely from the diary.)
ICLOCK START TIME#i =hh:mm:ss|c ,or

ICLOCK STOPTIME #i = hh:mm:ss|c
[25:00:00]
Defines time for Switch ON (in 24 hr clock format, must follow format shown) for
controlled period i. Should be paired with |CLOCK STOP TIME command below.
Multiple control periods (up to 5 in standard version) must be specified in time
order. Default value effectively disables time clock action.
The optional word c after the vertical bar symbol | determines a 'day of week'
application of thistime clock setting. Theisin the form of 7 letters, each corre-
sponding to the first letter of the day of week that this control is to apply to,
starting with Monday, (if not applicable the dash isused). Thus
ICLOCK START TIME#3=18:30:00 | MTWTF--
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denotes the 3rd clock period will start at 18:30 for mondays through fridays.

ICLOCK ACTIVITY LEVEL #i =i |c

(1]
Defines the activity level (metabolic rate) for the space, 1,2 or 3, for the control-

led period i.
ICLOCK OCCUPANCY #i =1 |c
[0.0]
Defines the occupancy (number of adult equivalents), for the controlled period i.
Note that "fractional" adults (i.e. 1.5) are permitted.
IEND
n‘a

Ends and closes an occupancy definition.
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B.11VENTILATIONFILE

This file defines the ventilation parameters. It is read as free formatted numeric data and must follow the
format given below. The particular format of the file, and the data requirements, will depend on the ventilation
option chosen.

There are 6 ventilation models currently available, selected in thisfile. They are;
Code Description

1- Assign simple air change rate to spaces. Three such rates are specified for each space, the
choice being made either through the diary, or by aventilation ‘thermostat’. Option 1 isnow
deprecated and will be removed in afollowing release. Use Option 11 in its place.

11 - Assign simple air change rate to spaces. Three such rates are specified for each space, the
choice being made either through the diary, or by aventilation ‘thermostat’. This thermostat
can be configured to be sensitive to any space temperature or humidity, external temperature
or humidity, or a differential temperature or humidity between spaces or between a space and
the outside

2- Specify space-space air flow networks, as a complex pattern of air flows. Three such patterns
for the building may be specified. The choice between patterns is made through the diary.
Option 2 is now deprecated and will be removed in afollowing release. Use Option 12 inits
place.

12 - Specify space-space air flow networks, as a complex pattern of air flows. Three such patterns
for the building may be specified. The choice between patterns is made through the diary, or
through aventilation ‘thermostat’. This thermostat can be configured to be sensitive to any
space temperature or humidity, external temperature or humidity, a surface temperature, or a
differential temperature or humidity between spaces or between a space and the outside

3- Define empirical space air change rate equations. The form of the equation used is; Acr =
D*(A + B*t*.5 + C*u) where A,B,C are specified for each wind sector, D is controllable
from diary, and u is windspeed, t is inside/outside temp difference .

8- Define a network of openings and imposed flows, from which air flow patterns will be
calculated according to external and internal conditions.

No comment lines (e.g. those beginning with a* character) are allowed within the data, but comments may
follow dataon aline, or at the end of thefile.

As these files are read numerically, there are character position flags interspersed to allow some detection of

missing data. These flags must be in the format and position shown. All parameters must be specified, there
are no defaults. Many features may be disabled however by setting them to O.
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b.11.1 Vent option 1

Ventilation option 1 assigns simple air change rate to spaces. The rate is specified in space volumes per hour.
Ventilation exchange in each space is with the outside only and each space operates independently. Three such
rates are specified for each space, the choice being made either through the diary, or by a ventilation ‘thermo-
stat’.

Under automatic thermostat control the choices are made as;
- ACR1 (eg. infiltration) is used when the ventilation statusis* OFF”,
ACR 2 (e.g. mechanical low) is used when ventilation statusis“ON” and the space temperature. isless
than the ventilation thermostat setpoint,
ACR 3 (e.g. mechanical high) is used when ventilation statusis“ON” and space temperatureis greater
than the ventilation thermostat setpoint.

Theventilation “status’ is atered through the diary. Alternatively this strategy may be over-ridden viamanual
control through the diary, the appropriate rate being chosen at the desired time.

Thereisno internal judgement made on the actual rates assigned to ACR1, ACR2, or ACR3. Although it may
be useful to considered these as “ Infiltration”, “Mechanical Low”, and “Mechanical High” in the context of a
simple mechanical extract fan, there is no requirement for ACR3 to be higher than ACR2.

Spaces may be defined in arbitrary order. |f a space does not have a ventilation characteristic defined, it will
default to O ventilation.

DATA FORMAT note
i a
* ok ok ok k k ok kK b
i c
r r r d
r e
i f
0 g

note description

a SELECT vent option ( 1 for option 1)
b POSITION flag A, denotes start of ventilation data.
c SPACE code number to which this specification refers. Space codes are those defined in the “build-
ing” file.
d ACR1, ACR2, ACR2 rates for this space, in space volumes per hour.
e Ventilation THERMOSTAT setting, in degree C.
f POSITION flag B denotes end of a space specification. The block ¢ - f would be repeated for each
space as required. Thefileisended by a0.
g END of file marker.
Example:
1
1
0.20 , 1.0 , 2.0
25.0
3
3.5 , 3.5 , 5.0
20.0
0
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This example chooses option 1. It sets space 1 to have ACR1 = 0.20 air changes per hour, ACR2 = 1.0 air
changes per hour, and ACR3 = 2.0 air changes per hour. The setpoint to switch between ACR2 and ACR3 will
be 25C. Spacethree will have ACR1, ACR2 and ACR3 set to 3.5, 2.5 and 5.0 air changes per hour respec-
tively, with asetpoint at 20C. Space two (and any othersin the simulation) will have no ventilation.
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b.11.2 Vent option 11

Ventilation option 11 is similar to option 1 as it assigns simple air change rate to spaces. However the control
specification for the ventilation “thermostat” is more flexible.

Asin option 1 the rate is specified in space volumes per hour. Ventilation exchange in each space is with the
outside only and each space operates independently. Three such rates are specified for each space, the choice
being made either through the diary, or by aventilation ‘thermostat’.

Under automatic thermostat control the choices are made as;
- ACR1 (eg. infiltration) is used when the ventilation statusis* OFF”,
ACR 2 (e.g. mechanical low) is used when ventilation statusis “ON” and the monitored parameter is
less than the ventilation thermostat setpoint,
ACR 3 (e.g. mechanical high) is used when ventilation statusis“ON” and the monitored parameter is
greater than the ventilation thermostat setpoint.

The monitored parameter can be one of:
the air temperature of any space in the simulation
external air temperature
the relative humidity of any space in the simulation
external relative humidity
the difference in air temperature between any space and the outside, or any two spaces
the difference in relative humidity between any space and the outside, or any two spaces
the absolute difference in air temperature between any space and the outside, or any two spaces
the absolute difference in relative humidity between any space and the outside, or any two spaces

Theventilation “status’ is atered through the diary. Alternatively this strategy may be over-ridden viamanual
control through the diary, the appropriate rate being chosen at the desired time.

Thereis no internal judgement made on the actual rates assigned to ACR1, ACR2, or ACR3. Although it may
be useful to considered these as “ Infiltration”, “Mechanical Low”, and “Mechanical High” in the context of a
simple mechanical extract fan, there is no requirement for ACR3 to be higher than ACR2.

Spaces may be defined in arbitrary order. |f a space does not have a ventilation characteristic defined, it will
default to O ventilation.

DATA FORMAT note
i a
*kkkkkkkk b
| Cc
r r r d
| e
r fl
i r f2
i i r f3
— g
0 h

note description

a SELECT vent option ( 11 for option 11)

b POSITION flag A, denotes start of ventilation data.

c SPACE code number to which this specification refers. Space codes are those defined in the “build-

ing” file.
d ACR1, ACR2, ACR2 rates for this space, in space volumes per hour
e Stat type (0-6)

Stat type O: space air control asin option 1

Stat type 1: space air temperature control using hominated space
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f1
f2
f2
3
3

h

Stat type 2: space humidity control using nominated space

Stat type 3: differential space air temperature, Space A — Space B

Stat type 4. differential space humidity, Space A — Space B

Stat type 5: differential space air temperature, | Space A — SpaceB |

Stat type 6: differential space humidity, | Space A — SpaceB |

Ventilation * STAT settings, format and units depend on stat type:

Stat type O: Air temperature setpoint C

Stat type 1: Control Space index, Air temperature setpoint C

Stat type 2: Control Space index, Relative humidity setpoint %

Stat type 3, 5: Control Spaceindex A, Control Space index B, Air temperature setpoint C
Stat type 4, 6: Control Space index A, Control Spaceindex B, Relative humidity setpoint %

POSITION flag B denotes end of a space specification. The block ¢ - f would be repeated for each
space as required. Thefileisended by a 0.

END of file marker.

In the datafor line f, external temperature or humidity is detected by using Control spaceindex = 0.

Example:

11

1

0.20 , 1.0 , 2.0
1

2 , 25.0

3

3.5 3.5 5.0
4

3 0 5.0

0

This example chooses option 11. |t sets space 1 to have ACR1 = 0.20 air changes per hour, ACR2 = 1.0 air
changes per hour, and ACR3 = 2.0 air changes per hour. A type 1 ‘stat is chosen (air temperature of nominated
space), and the switch between ACR2 and ACR3 (when Ventilation Statusis“ON”) will be when the air tem-
perature of Space 2 is above 25C. Space three will have ACR1, ACR2 and ACR3 set to 3.5, 2.5 and 5.0 air
changes per hour respectively. A type 4 ‘stat is chosen (differential temperature) and the switch between
ACR2 and ACR3 will be when the air temperature of Space 3 is more than 5C greater than the external tem-
perature. Space two (and any othersin the simulation) will have no ventilation. ACR1 can only be selected
through the Diary, by setting the Ventilation Statusto “ OFF”.

N.B. The Ventilation Statusis“ OFF” by default.
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b.11.3 Vent option 2

Ventilation option 2 assigns flow patterns between spaces and between spaces and the outside. Thisisin
comparison to options 1 and 11, where only flows from a space to the outside were specified; no interna flows
were considered. Three such patterns for the building may be specified. The choice between patterns is made
through the diary using a pattern code (1-3). Each patternis static, i.e. it does not take meteorological condi-
tions into account. The flows are specified in m¥/s and are defined in terms of space to space connections. Any
connections not specified default to O flow. There is no check on volumetric or mass continuity, it is left to
the use to ensure a valid flow pattern is specified.

line note
i

[T T T
o ,0 ,0 , 00

o o T o

note  description
a SELECT vent option ( 2 for option 2)
b POSITION flag A denotes start of ventilation data

c Define PATTERN number (1,2,3), SPACE code number A, SPACE code number B, FLOW (m?®/s) from
Space B to Space A*. Space codes are those defined in the “building” file. Thisline will be repeated
as required to describe the flow network. There is no checking that the patterns defined represent
closed systems, i.e. that mass flow is conserved. The full definition is ended when a0 is read for the
pattern code. Space A must aways be >0. Flows to or from the outside are signified by Space B set
to 0. Virtual spaces may be included in the pattern and coded into Space B by prefixing the virtual

“won

space number witha*“-", i.e. making it a-ve number.
d END the patterns definition and file.

* A positive flow goes FROM space B TO space A

Example:
2

* ok ok ok ok ok ok ok ok

1, 4 0, 10.0
1, 4 , 2, -10.0
1, 1 2, 10.0
1, 1 , 0, -10.0
2, 4 0, 10.0
2, 2 4, 10.0
2, 1 2, 10.0
2, 1 0, -5.0
2, 3 1, 5.0
2, 3 0, -5.0
0

This example chooses option 2. It defines 2 flow patterns. Pattern 1 sets 10 m3/s to flow in the order: Out-
side -> Space 4 -> Space 2 -> Space 1 -> Outside. Note that the full path must be explicitly stated; continuity
must be established by having as much leaving a space as entering. As space 3 does not appear in this pattern, it
will have no ventilation. Pattern 2 adds space 3 to the ventilation path, half of the air leaving Space 1 now goes
through Space 3. Pattern 3 is not defined, so defaults to zero flows through all spaces.
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b.11.4 Vent option 12

Ventilation option 12 assigns flow patterns between spaces and between spaces and the outside. It is similar to
option 2, but provides control over the switching between patterns in the manner of option 11. In addition, with
this option, flows are specified as mass-flow; kg/s.

Three patterns for the building may be specified. The choice between patterns is made through the diary using
apattern code (1-3), or by aventilation ‘thermostat’.

Under automatic thermostat control the choices are made as;
- Pattern 1 isused when the ventilation statusis“ OFF”,
Pattern 2 is used when ventilation statusis “ON” and the monitored parameter is|ess than the ventila-
tion thermostat setpoint,
Pattern 3 is used when ventilation statusis“ON” and the monitored parameter is greater than the
ventilation thermostat setpoint.

The monitored parameter can be one of:
the air temperature of any space in the simulation
external air temperature
the relative humidity of any space in the simulation
external relative humidity
a surface temperature
the difference in air temperature between any space and the outside, or any two spaces
the difference in relative humidity between any space and the outside, or any two spaces
the absolute difference in air temperature between any space and the outside, or any two spaces
the absolute difference in relative humidity between any space and the outside, or any two spaces

Theventilation “status’ is atered through the diary. Alternatively this strategy may be over-ridden viamanual
control through the diary, the appropriate rate being chosen at the desired time.

Each pattern is static, i.e. it does not take meteorological conditions into account. The flows are specified in
kg/s and are defined in terms of space to space connections. Any connections not specified default to O flow.
There is no check on volumetric or mass continuity, it is left to the use to ensure a valid flow pattern is speci-
fied.

Use the ‘stat switching option with care; automatic switching between significantly different flow patterns may
lead to oscillations and instability in the simulation calculations.

line note
i a
* ok ok ok k k ok kK b
i i i r c
i , i i r c
i i i r c
i , i o r c
o , 0 , 0 0.0 d
i e
fl
i r f2
i i r f3
— 9
0 h

note  description
a SELECT vent option ( 12 for option 12)
b POSITION flag A denotes start of ventilation data
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c

d

f1
f2
f2
3
3
3

h

Define PATTERN number (1,2,3), SPACE code number A, SPACE code number B, FLOW (kg/s) from

Space B to Space A*. Space codes are those defined in the “building” file. Thisline will be repeated
as required to describe the flow network. There is no checking that the patterns defined represent
closed systems, i.e. that mass flow is conserved. The full definition is ended when a0 is read for the
pattern code. Space A must aways be >0. Flows to or from the outside are signified by Space B set
to 0. Virtual spaces may be included in the pattern and coded into Space B by prefixing the virtual
space number witha*“-", i.e. making it a-ve number.

* A positive flow goes FROM space B TO space A

END the patterns definition

Stat type (0-7)

Stat type 0: no control apart from diary

Stat type 1: space air temperature control using hominated space

Stat type 2: space humidity control using nominated space

Stat type 3: differential space air temperature, Space A — Space B

Stat type 4 differential space humidity, Space A — Space B

Stat type 5: differential space air temperature, | Space A — SpaceB |

Stat type 6: differential space humidity, | Space A — SpaceB |

Stat type 7: surface temperature

Ventilation * STAT settings, format and units depend on stat type:

Stat type 0: no data needed

Stat type 1: Control Space index, Air temperature setpoint C

Stat type 2: Control Space index, Relative humidity setpoint %

Stat type 3, 5: Control Spaceindex A, Control Space index B, Air temperature setpoint C
Stat type 4, 6: Control Space index A, Control Spaceindex B, Relative humidity setpoint %
Stat type 7: Control Element index A, Surfaceindex B (1 First, 2:Last), Temperature setpoint C

POSITION flag B denotes end of a space specification. The block ¢ - f would be repeated for each
space as required. Thefileisended by a 0.

END of file marker.

In the datafor line f, external temperature or humidity is detected by using Control spaceindex = 0.

Example:

12

1, 4 0, 1.0
1, 4 , 2, -1.0
1, 1 2, 1.0
1, 1 , 0 -1.0
2, 4 0, 1.0
2, 2 4, 1.0
2, 1 2, 1.0
2, 1 , 0 -05
2, 3 1, 0.5
2, 3 , 0 -0.5
3, 4 0, 2.0
3, 2 4, 2.0
3, 1 2, 2.0
3, 1 , 0 -1.0
3, 3 1, 1.0
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3, 0o, -1.0
0, 0 0, 0

4

3 0 5.0

0

This example chooses option 12. It defines 2 flow patterns. Pattern 1 sets 1 kg/s to flow in the order: Outside
-> Space 4 -> Space 2 -> Space 1 -> Outside. Note that the full path must be explicitly stated; continuity must
be established by having as much leaving a space as entering. As space 3 does not appear in this pattern, it will
have no ventilation. Pattern 2 adds space 3 to the ventilation path, half of the air leaving Space 1 now goes
through Space 3. Pattern 3 has asimilar pattern to 2, but at twice the flow rate.

A type 4 ‘stat is chosen (differential temperature), and the switch between Pattern 2 and Pattern 3 (when the
Ventilation Statusis“ON") will be when the air temperature of Space 3 is more than 5C greater than the
external temperature. Pattern 1 can only be selected through the Diary, by setting the Ventilation Status to
“OFF".

N.B. The Ventilation Statusis“ OFF” by default.
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b.11.5 Vent option 3

Ventilation option 3 defines empirical space air change rate equations. Ventilation exchange in each spaceis
with the outside only and each space operates independently. The rate d%tzermined reflects the external and
internal conditions. The form of the equation used is; Acr = D*(A + B*t  + C*u) where A,B,C are specified
for each wind sector, D is controllable from diary, and u is windspeed, t is inside/outside temp diff . Wind
direction is divided into 8 sectors of 45 degrees, centered on the compass points. The windspeed isin m/s and
the inside-outside temperature difference isin degree C.

The specification is made for appropriate spaces in arbitrary order. Any space not specified will default to O
vaues.

Line note

*okkkokkkk

i
r
ro,r ,r ,r ,r ,r ,r ,r
r
r

-‘
-
-
-
-
-
-
oQ o o O T 9

0
note description
a SELECT vent option ( 3 for option 3)
b POSITION flag A denotes start of ventilation data

¢  SPACE code number for which this equation set applies. Space codes are those defined in the “building”
file.

d DEFINE 8 wind sector values for coefficient A of the equation.
e DEFINE 8 wind sector values for coefficient B of the equation.
f  DEFINE 8 wind sector values for coefficient C of the equation.

g DefineINITIAL valuefor coefficient D. Thisoverall multiplier may be altered at any time through the
diary, to simulate window opening for example.

h  POSITION flag B denotes end of a space specification. Block from ¢ to h will be repeated as required to
define the ventilation of spaces in the building. Spaces not defined will have zero ventilation coefficients. End
of definitions is denoted by a 0.

i END of definitions and file.

B-62



b.11.6 Vent option 8
These commands in this file define the ventilation pathways for the ventilation option 8.
This option isin development and correct operation cannot be guaranteed for all cases.
RDVNT8v 2.4

Vent8 x1.5

Commandsavailableare;

COMMAND FORMAT
DEFAULTVALUE
DESCRIPTION
IOPENING ‘C’
i
Starts an opening area definition list. Opening name istaken as the string between
single quotes. Must be paired with an 'END statement.
IFAN ‘C
i
Starts an mechanical fan definition list. The Fan name istaken as the string between
single quotes. Must be paired with an 'END statement.
IEND
Closes the definition block for the current opening or fan.
IEOF

Signals the End of File for the Software. It is recommended that this be used as the
last line of each data file, as some systems may insert extraneous characters at the
end of afile, causing the software to report errorsin the file.

The following commands detail an openings' flow characteristics, and must be contained within an

IOPENING...!END block;

ISPACETO =i
ISPACE FROM =i
I

ITYPE=C

Define the space connections for this opening. Space code indices are as those
used in HTB2 Building definition file. Space O isthe outside. Air flowing TO a
space will be positive in sign when entering that space. There is no need to mirror
an opening (e.g. an opening from 1 to 2 is automatically also an opening from 2 to
1).

Defines the opening type. The opening type determines the nature of the flow
characteristic (Flow vs. Pressure) of that opening. The options available are “1”,
‘Lz, QU or “E”; (quotes not needed in command)
O denotes an orifice opening, e.g. alarge open area, an open window.
Q= CdA (2rDP)"0.5
Orifice equation used, n = 0.5
Arearequired, COD optiona (def = 0.6)
E denotes a general opening,
Q= KA (DP"n
General equation used, n to be defined
Arearequired, COD optiona (def = 0.6)

| denotes a straight through opening , e.g. the crack under a door.
L denotes a single bend opening, e.g. the crack between the window frame
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IAREA =1

IDEPTH =r

(]

IPERIMETER=r

IHEIGHT =r

(]

(]

IORIENTATION=r

(]

and casement.
Z denotes acomplex opening, e.g. “background” leakage cracks.
U denotes a complex opening, with user defined coefficients.
Quadratic flow equation used;
DP=Db1Q + b2 Q"2
For opening types|, L and Z, the opening must be described in
terms of area, depth and perimeter.
For type U, crack parameters P1 P2 must be supplied.
(needs further explanation of crack flow equations)

Defines the physical (quadratic or orifice) or effective (general) open area, in v,
for this opening.

Defines the depth dimension (or thickness) through the opening, in meters.
TypesILZ only

Defines the perimeter (or edge length) around the opening, in meters.
TypesILZ only

Defines the central height (or vertical position) for the opening, in meters. All
openings should be referred to the same datum level (e.g. ground level).

Defines an orientation angle (degrees clockwise from South) for an externa
opening. Thisisrequired only for an opening to the outside, and is used to deter-
mine the correct wind pressure coefficient for the case wind direction. An orienta-
tion will be required for a notionally horizontal opening.

ICOPS=r,r,r,r,r,r,r,r

ICLOSED

ICOD =r

(]

[open]

[0.6]

Defines, for each of 8 wind direction sectors, a pressure coefficient for the current
opening. Thisdataisrequired only for external openings.
The 8 wind direction sectors are each 45 degrees wide. Thefirst is centred on
South, and then proceed clockwise, e.g.: S, SW, W, NW, N, NE, E, SE.
The surface pressure on an opening is determined from:
P=Cp* Y2r U? where

Cp is the pressure coefficient,

r isthe external air density,

U isthe local wind speed.

Sets the current opening to be considered as closed or sealed. There will be no
flow calculated through a closed opening. By default al openings are “Open”.

Defines Coefficient of Discharge for an opening.. This parameter is used only for
an “Orifice” type opening. The default valueis appropriate for a standard sharp
edged orifice.
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IWIND SHADING=r,r,r,r,r,r,r,r
[1.0]

Defines, for each of 8 wind direction sectors (see description of 'COPS), awind
speed attentuation factor. This factor adjusts the site wind speed, perhaps to take
localised wind shadowing into account, or to correct for remote wind speed sites.
The default factor is 1.0 (e.g. unaffected The value may be any number >0.). A
shadow factor of 0.5 halves the apparent wind speed. N.b. shading factors > 1 will
produce alocalised increase in mean site wind.

IPARAMETERS=r,r
(]
Defines, for type U openings, the flow parameters P1, P2. There are no default
vaues.

IEXPONENT =r
[0.6]
Defines, for type E openings, the flow exponent n.

IKFACTOR=r

(]
Defines, for type E openings, the flow K factor.

ISTAT OPENING =i ,r,r
[disabled]

Sets the thermostat setpoints for the current opening; arguments are;
Zone number to sense; Lower setpoint C; Upper setpoint C. The thermostat
determines whether the opening is to be considered open or closed.
If the sensed space air temperature is less than the lower setpoint then the opening
is“Open”. If the sensed space air temperature is between the lower and upper
setpoints (incusive) then the opening is “Closed”. If the sensed space air tempera-
tureis above the upper setpoint then the opening is“Open”.

The default stateis disabled, providing the opening “ Open”.
The external temperature may be sensed by using zone number O.

IRHSTAT OPENING =i ,r ,r
[disabled]

Sets the humistat setpoints for the current opening; arguments are:
Zone number to sense; Lower setpoint %; Upper setpoint %. The stat determines
whether the opening is to be considered open or closed.
If the sensed space air humidity is less than the lower setpoint then the opening is
“Open”. If the sensed space air humidity is between the lower and upper setpoints
(incusive) then the opening is“ Closed”. If the sensed space air humidity is above
the upper setpoint then the opening is*“ Open”.

The default stateis disabled, providing the opening “ Open”.
The external humidity may be sensed by using zone number 0.

IDTSTAT OPENING = i,i,r ,r
[disabled]

Sets the opening differential thermostat setpoints for the current opening; argu-
ments are;
Zone number A to sense; Zone number B to sense; Lower setpoint C; Upper
setpoint C. The thermostat determines whether the opening is to be considered
Open or Closed.
If the difference between the sensed space air temperatures (A-B) is less than the
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lower setpoint then the opening is “Open”. If the difference between the sensed
space air temperatures (A-B) is between the lower and upper setpoints (incusive)
then the opening is “Closed”. If the difference between the sensed space air
temperatures (A-B) is above the upper setpoint then the opening is* Open”.

The default stateisdisabled, providing the opening “ Open”.

The external temperature may be sensed by using zone number O.

The following commands detail afan’ flow characteristics, and must be contained within a!FAN...!END block;

ISPACETO =i
ISPACE FROM =i
I

IFLOWRATE=r 1,1
[l

|OFF
[on]

ISTATFAN= i ,r,r
[disabled]

IRHSTATFAN= i ,r ,r
[disabled]

Define the space connections for this opening. Space code indices are as those
used in HTB2 Building definition file. Space O isthe outside. Air flowing TO a
space will be positive in sign when entering that space. There is no need to mirror
an opening (e.g. an opening from 1 to 2 is automatically also an opening from 2 to
1).

Setsthe air flow rates through the fan, Flow1, Flow2, Flow3, in kg/s. Threevalues
are provided, corresponding to three possible flow settings selected by an air,
differential air, or humidity setpoints (e.g. see !STAT FAN description). If no ‘stat
isto be considered, Flow1 will be used in the calculations (though values must be
provided for Flow2 and Flow3).

The flow is considered to be directional, related to the connections defined for the
fan. A positive rate (>0) denotes flow from the zone denoted as “ Space From”, to
the zone denoted as “ Space To”. A negative rateis allowed, and denotes afloe
opposite that above.

Flow rate through the fan is otherwise fixed, e.g it does not vary with back pressure.

Sets the current Fan to be considered as off and closed. There will be no flow
calculated through a closed fan. By default all fansare“On”.

Sets the fan thermostat setpoints for the current fan; arguments are;

Zone number to sense; Lower setpoint C; Upper setpoint C. The thermostat
determines which of the three flow rates defined for a fan will be used.

If the sensed space air temperature is less than the lower setpoint then flow rate 1
isused. If the sensed space air temperature is between the lower and upper
setpoints (incusive) then flow rate 2 is used. If the sensed space air temperature is
above the upper setpoint then flow rate 3 is used.

The default stateis disabled, providing Flow rate 1.

The external temperature may be sensed by using zone number O.

Sets the fan humistat setpoints for the current fan; arguments are;

Zone number to sense; Lower setpoint %; Upper setpoint %. The thermostat
determines which of the three flow rates defined for a fan will be used.

If the sensed space air humidity is less than the lower setpoint then flow rate 1 is
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used. If the sensed space air humidity is between the lower and upper setpoints
(incusive) then flow rate 2 is used. If the sensed space air humidity is above the
upper setpoint then flow rate 3 is used.

The default stateis disabled, providing Flow rate 1.

The external humidity may be sensed by using zone number 0.

IDTSTATFAN=i,i,r ,r
[disabled]

Sets the fan differential thermostat setpoints for the current fan; arguments are:
Zone number A to sense; Zone number B to sense; Lower setpoint C; Upper
setpoint C. The thermostat determines which of the three flow rates defined for a
fan will be used.

If the difference between the sensed space air temperatures (A-B) is less than the
lower setpoint then flow rate 1 isused. If the difference between the sensed space
air temperatures (A-B) is between the lower and upper setpoints (incusive) then
flow rate 2 isused. If the difference between the sensed space air temperatures
(A-B) is above the upper setpoint then flow rate 3 is used.

The default stateis disabled, providing Flow rate 1.

The external temperature may be sensed by using zone number O.

ILAWOFFAN=r,r,r,r,r,r,r,r

(]

Defines a polynomial fan pressure/flow law for the current fan. If undefined, the
default is for a perfect fan, e.g. delivers the rated flow against any pressure differ-
ential.
The fan law is defined by the eight parameters; X1,X2,X3,X4,X5,X6,X7,X8
The polynomial is third order, so for a given pressure difference across the fan
(DP), the flow is calculated as

Q= Qrated * (X1 + X2*DP+ X3* DP'2 + X4 * DP'\3
The remaining parameters place bounds on the flow law. If the pressure difference
isless than X5, flow rate is Qrated * X6. If the pressure difference is greater than
X7, flow rate is Qrated * X8.

Note that the fan characteristic is normalised to the rated flow (FLOW)Appendix |1 :

Example data files

The following is an example data set, describing a simple 3-bedroom house.

8
* 3 bed sem,
''WND = 0.8 , 0.8 0.8 0.8 0.8 0.8 0.8 0.8

T/OPENING = ‘LR win/door’
I'AREA = 0.008
I SPACE FROM = 0
ISPACE TO = 1
'TYPE = L
I'DEPTH = 0.2
! PERI METER = 15.0
'HEIGHT = 1.2

ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I ORI ENTATION = 0.0
I END
IOPENING = ‘LR backgnd’
I AREA = 0.030

I SPACE FROM = 0
ISPACE TO = 1
'TYPE = L
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I'DEPTH = 0.2
! PERI METER = 7.0
'HEIGHT = 0.0

ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,
I ORI ENTATION = 0.0
I END
IOPENING = ‘LR/Ind hatch’
I AREA = 0.0033
I SPACE FROM = 1
I'SPACE TO = 8
ITYPE = L
I'DEPTH = 0.1
I PERI METER = 1
I'HEIGHT = 4.8
I END
IOPENING = ‘Ind backgnd’
I'AREA = 0.007
I SPACE FROM = 0
ISPACE TO = 1
ITYPE = L
I'DEPTH = 0.2
I PERIMETER = 3.0
I'HEIGHT = 4.8
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,

I ORI ENTATION = 90.0
' END

IOPENING = ‘LR/DR door’
I'AREA = 0.02
| SPACE FROM =
I'SPACE TO = 2
I'TYPE = |
I DEPTH = 0.05
' PERI METER = 1.0
I'HEIGHT = 0.0

1

' END

IOPENING = ‘LR KT door’
'AREA = 0.02
I SPACE FROM = 1
I'SPACE TO = 3
I'TYPE = |

' DEPTH = 0.05
! PERIMETER = 1.0
'HEIGHT = 0.0

I END
IOPENING = ‘Ind/Bl door’
I'AREA = 0.02
I SPACE FROM = 1
ISPACE TO = 4
I'TYPE = |

' DEPTH = 0.05
! PERIMETER = 1.0
'HEIGHT = 2.6

I END
IOPENING = ‘Ind/B2 door’
I'AREA = 0.02
I SPACE FROM = 1
ISPACE TO = 5
I'TYPE = |

I'DEPTH = 0.05
! PERIMETER = 1.0
'HEIGHT = 2.6

I END
IOPENING = ‘Ind/B3 door’
I'AREA = 0.02
I SPACE FROM = 1
ISPACE TO = 6
I'TYPE = |

I'DEPTH = 0.05
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' PERI METER = 1.0
'HEIGHT = 2.6

I END
IOPENING = ‘Ind/Bth door’
I'AREA = 0.02
I SPACE FROM = 1
ISPACE TO = 7
I'TYPE = |

' DEPTH = 0.05
' PERIMETER = 1.0
'HEIGHT = 2.6

I END
IOPENING = ‘DR win’
I AREA = 0.0046
I SPACE FROM = 0
ISPACE TO = 2
ITYPE = L
I'DEPTH = 0.2
I PERIMETER = 5.0
I'HEIGHT = 1.2
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
I END
IOPENING = ‘DR backg’
I'AREA = 0.015
I SPACE FROM = 0
ISPACE TO = 2
ITYPE = L
I'DEPTH = 0.2
I PERIMETER = 5.0
I'HEIGHT = 0.0
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
I END
IOPENING = ‘DR/kit door’
I'AREA = 0.02
I SPACE FROM = 2
ISPACE TO = 3
I'TYPE = |

I'DEPTH = 0.05
! PERI METER = 1.0
'HEIGHT = 2.6

I END
IOPENING = ‘Kit win/door’
' AREA = 0.0051

I SPACE FROM = 0
I'SPACE TO = 3
'TYPE = L

'DEPTH = 0.2

! PERI METER = 10.0
'HEIGHT = 1.2

ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I' ORI ENTATION = 180.0
I END
IOPENING = ‘Kit backg’
I'AREA = 0.015

I SPACE FROM = 0
I'SPACE TO = 3
'TYPE = L

'DEPTH = 0.2

! PERI METER = 5.0
'HEIGHT = 0.0

I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0

! END

IOPENING = ‘Kit vent’
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I'AREA = 0.007
I SPACE FROM = 0

I'SPACE TO = 3

I'TYPE = |
'DEPTH = 0.3
! PERI METER = 0.5
'HEIGHT = 2.0
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
' END
IOPENING = ‘Bl wn’
I'AREA = 0.0031

I SPACE FROM = 0
I'SPACE TO = 4

'TYPE = L
I'DEPTH = 0.2
! PERI METER = 5.0
'HEIGHT = 3.7
I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
' END
IOPENING = ‘Bl backg’
I'AREA = 0.0130

I SPACE FROM = 0

I'SPACE TO = 4

'TYPE = L
I'DEPTH = 0.2
! PERI METER = 5.0
'HEIGHT = 4.8
I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
' END
TIOPENING = ‘B2 wn’
I'AREA = 0.0031

I SPACE FROM = 0
I'SPACE TO = 5

ITYPE = L
I'DEPTH = 0.2
I PERIMETER = 5.0
I'HEIGHT = 3.7
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I ORI ENTATION = 0.0
I END
IOPENING = ‘B2 backg’
I AREA = 0.0130

I SPACE FROM = 0
I'SPACE TO = 5

'TYPE = L
I'DEPTH = 0.2
! PERI METER = 5.0
'HEIGHT = 4.8
I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I'ORIENTATION = 0.0
' END
IOPENING = ‘B3 wn’
I'AREA = 0.0031

I SPACE FROM = 0
I'SPACE TO = 6

ITYPE = L
I'DEPTH = 0.2
I PERIMETER = 5.0
'HEIGHT = 3.7
ICOPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I ORI ENTATION = 0.0
I END
IOPENING = ‘B3 backg’
I AREA = 0.0130

I SPACE FROM = 0
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I'SPACE TO = 6

'TYPE = L
I'DEPTH = 0.2
! PERI METER = 5.0
'HEIGHT = 4.8
I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
I'ORIENTATION = 0.0
I END
TIOPENING = ‘Bth win’
I'AREA = 0.0031

I SPACE FROM = 0
I'SPACE TO = 7

ITYPE = L
'DEPTH = 0.2
! PERI METER = 5.0
'HEIGHT = 3.7
I'COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
! END
I OPENI NG ‘Bth backg’

I'AREA = 0.0130
I SPACE FROM = 0
I'SPACE TO = 7

I'TYPE = L
'DEPTH = 0.2
I PERIMETER = 5.0
I'HEIGHT = 4.8
1COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
I END
IOPENING = ‘Bth vent’
I'AREA = 0.007

I SPACE FROM = 0
I'SPACE TO = 7

I'TYPE = |
I'DEPTH = 0.3
I PERIMETER = 0.5
I'HEIGHT = 4.5
1COPS = 0.569,0.274,-0.535,-0.529,-0.302,-0.529,-0.535,0.274
' ORI ENTATION = 180.0
I END
IOPENING = ‘roof lo n’
I'AREA = 0.03
I SPACE FROM = 0
ISPACE TO = 8
I'TYPE = |

' DEPTH = 0.05
! PERI METER = 10.0

'HEIGHT = 5.0
-0.13,-0.22,-0.30,-0.38,-0.46,-0.38,-0.3,-0.22

1COPS =
' ORI ENTATION = 180.0
I END
IOPENING = ‘roof 1o S
I'AREA = 0.03
I SPACE FROM = 0
ISPACE TO = 8
I'TYPE = |

' DEPTH = 0.05
! PERI METER = 10.0

'HEIGHT = 5.0
-0.13,-0.22,-0.30,-0.38,-0.46,-0.38,-0.3,-0.22

1COPS =
I ORI ENTATION = 0.0
I END
ITOPENING = ‘roof hi n’
I'AREA = 0.02
I SPACE FROM = 0
ISPACE TO = 8
I'TYPE = |

I'DEPTH = 0.05
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! PERI METER = 10.0
'HEIGHT = 7.0

1COPS = -0.13,-0.22,-0.30,-0.38,-0.46,-0.38,-0.3,-0.22
' ORI ENTATION = 180.0
I END
IOPENING = ‘roof hi S
I'AREA = 0.02
I SPACE FROM = 0
ISPACE TO = 8
I'TYPE = |

I'DEPTH = 0.05
! PERI METER = 10.0
'HEIGHT = 7.0
!COPS = -0.13,-0.22,-0.30,-0.38,-0.46,-0.38,-0.3,-0.22
I'ORIENTATION = 0.0
' END

!'FAN = ‘press’
! SPACE FROM = 8
ISPACE TO =1
I FLOW 0.0 , 0.035, 0.05
I STAT 8 21.0 25.0
! END

! EOF
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B.12METEOROLOGICAL FILE
The meteorological file consists of records of data read at the interval selected in the toplevel file. Each
record is a specification of the external conditions to apply over that interval. The file is a sequential formatted
ascii file in the following format for each record, read in free format:

i rrrrrrrrorr

In the order as above , the parameters specified are;

interval - aninteger value for record identification, for user only, value not significant to
HTB2,

airtemp - external dry bulb air temperature °C,
dewpoint - external dewpoint temperature °C,
groundtemp - deep earth temperature °C,

humidity - external air relative humidity %,
windspeed - sitewindspeed in m/s.

winddir - wind direction in degree cw from north,
tota - total horizontal solar irradiation W/m?,
diffuse - diffuse horizontal solar irradiation W/m?,
direct normal - direct normal solar irradiation W/m?,
cloud - total sky cloud cover (0-1).

There can be no comments in the data, either at the start of the file, or between records.
The met file may be rewound to the start at any time viathe diary.

Note that thereis no time or date information in thisfile. All simulation runs start at midnight, and the start
date for the run must be provided in the TOP file. This date should be appropriate for the meteorological data
used, or there will be unpredictable (but repeatable!) inconsistencies between solar values and soalr position.
If the start date of the run is to be after the start of the meteorological data, met records may be skipped over at
the start, to the correct place, viathe TOP command ! SET START MET.

Not all data values described above may be available or needed; those values may be skipped over by adjacent
commasinthedataline i.e. “a,b,, d” skipsover thevaluec. In many cases HTB2 can cal culate the missing
value from other parameters.

Those values which may be calculated are:
.ground temp may be determined from air temp,
.wind velocity and direction may be ommited, in which case fixed values as set in TOP will be
used.,
.humidity and dewpoint may both be omitted, in which case fixed values as set in TOP will be
used;Alternatively if one of the pair is provided, the other will be calculated from it.
.cloud cover may be omitted, in which case afixed value as set in TOP will be used.
.diffuse AND direct normal solar irradiance may be omitted, in which case they will be calculated
from the total solar and cloud cover supplied.
.direct normal solar irradiance may be omitted, in which case they will be calculated from the
total diffuse solar irradiance supplied.

Asaminimum external temperature, total horizontal solar and cloud cover are required.
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B.13DIARY FILES
b.13.1DIARY STRUCTURE

The DIARY provides aflexible method for scheduling events within asimulation. These events may be altering
adatavalue, or atering (selected) run parameters.

The diary is specified as afile containing alist of “page”, or file names. Thislist is connected in the toplevel
file. There must be one page for each day run in the simulation. Any page may be used on more that one day.
Note that each separate page is a separate file.

There may be comments (starting with a“*”) in both diary list and pagefiles.

The format for the Diary Listis;
filenameforday1
filenameforday2
filenameforday3
...etc...

The filenames must conform to the naming conventions of the operating system in use. The names are NOT
enclosed in quotes.

Note that HTB2 may overrun the expected number of days by one timestep, so that one extra diary page file
should always be specified though it will never actually be executed.

A diary page is a sequentially ordered list of commend to execute on the appropriate day. These commands
MUST be ordered in time sequence. A useful pageisthe “null” diary, which is a page having no commands, ho
intervention is carried out on that day therefore.

The general format for the page command is;
iiziizii ¢

where the first field is the required time of action, in the format hh:mm:ss, and the second is the command
string. Available commands strings are detailed below. The time specification isin the 24 hour clock. HTB2
will execute the command to the resolution of the timestep used in the run, within the timestep immediately
following the required time. That is, for a specified command time of 11:23:45, and atime step of (say) 300
seconds, the command would actually be implemented at 11:25:00. Multiple commands may be specified for
asingle time; they will al be executed within one timestep at the required time.

Input checking of the diary page filesis not done before the entry of the simulation stage. Errors encountered
in the reading or parsing of the dataline will normally cause afatal error and abort the simulation.

There are no defaultsin the diary commands, as such. Not using acommand means that the current valueis
unchanged.

Note that many of the commands which alter “automatic/manual” states must be explicitly reset at alater time,

i.e. after turning the heating system to manual control it must be returned to automatic time-clock control
when that mode of operation is desired.
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b.13.2AVAILABLECOMMANDS

b.13.2.1DIARY FILES

This section describes option commands, enabling or disabling model or run features. Any ‘ENABLE’ may
also be‘DISABLE’. The description givesthe action in the enabled state.

COMMAND STRINGFORMAT
DESCRIPTION

IENABLEBLOCK OUTPUT
Turns on block reporting at the required time. Note that for data to be output, afile
and output types must have been selected in the top-level file. When enabled the
first report will occur after one reporting interval has elapsed. When disabled a
report will be forced at the current time even if an interval has not elapsed.

IENABLEPROFILEOUTPUT
Turns on element profile reporting at the required time. Note that for data to be output, afile and
output types must have been selected in the top-level file. When enabled the first report will
occur after one reporting interval has elapsed. When disabled areport will be forced at the
current time even if an interval has not elapsed.

IENABLEEVENTLOG
Turns on the event logger at the required time. Note that for data to be output, afile and output
types must have been selected in the top-level file. When disabled alog of all watched itemsis
forced.

IENABLEZIPR1
Turns on user supplied routine ZIPR1, see Tech. Ref. Manual for information on zippers.

IENABLE ZIPR2
Turns on user supplied routine ZIPR2, see Tech. Ref. Manual for information on zippers.

IENABLEZIPR3
Turns on user supplied routine ZIPR3, see Tech. Ref. Manual for information on zippers.

IENABLEZIPR4
Turns on user supplied routine ZIPR4, see Tech. Ref. Manual for information on zippers.

IENABLE ZIPR5
Turns on user supplied routine ZIPRS5, see Tech. Ref. Manual for information on zippers.

ICALL ZIPR6
Turns on user supplied routine ZIPR6 for a one-shot execution this timestep. Routine will return
to inactive for the next timestep. Values may be passed through the zipper variables. See Tech.
Ref. Manual for information on zippers.

ICALL ZIPR7
Turns on user supplied routine ZIPR7 for a one-shot execution this timestep. See |CALL ZIPR®6.

ICALL ZIPR8
Turns on user supplied routine ZIPR8 for a one-shot execution this timestep. See |CALL ZIPR®6.

IENABLESAVESTATE
Turns on the save state output procedure, saving the building thermal state at midnight of each
day. Later runs may optionally pick this state up as a starting point, thus removeing the need for a
lengthy run-up period.

These commands alter datavalueswithin arun. A parameter field isusualy required, and followsa“=" charac-
ter. Some parameters will be required in strict format. The execution of these commands assumes that the
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appropriate routine has been enabled and supplied with its required specification data.

COMMAND STRINGFORMAT
DESCRIPTION

ISET BLOCK REPORT INTERVAL =i
Set new reporting interval (minutes). A current report will be produced immediately.

ISET CAVVENT MULTIPLIER# =t
Set factor D for aventilated cavity in element i.

ISET CLOUD COVER=T
Set new cloud cover fraction (0-1), O represents clear sky conditions.

ISET CONDUCT #i PART j =r
Set new layer conductance (W/m?#°C) for the j layer (from left) of construction typei. This
provides a method for altering the thermal characteristics of a construction type during arun. |.e.
the conductance of the inner layer of a window construction can be increased to emulate the
thermal effect of curtains (the solar effect of curtains is treated by atering the glazing character-
istic).

ISET COOLER SETPOINT #i =r
Set a new cooling system thermostat set-point. First parameter i the system code humber.

ISET EXTHUMIDITY =r
Set new external air humidity in %.

ISET EXT TEMP=r
Set new externa air temperature in degree C.

ISET FRAME#i =r
Sets a new frame blockage for awindow element i (as a fraction of 1).

ISET FROST SETPOINT #i =r
Set frost thermostat for heating system code i, in degree C. Assumes frost system has been
enabled and described at input stage. System codes are those defined in the heating system file.

ISET GROUND TEMP=r
Set deep ground temperature in degree C.

ISET HEATER CLOCK c#i @i =ii:ii:ii | mtwtfss
Set new heating system time clock markers. First parameter is either ON or OFF to set appropri-
ate action at the required time. Second parameter is prefixed by a# and is the heating system
code number (as defined in the heating definition file). Third parameter is prefixed by @ and
refers to the desired clock period (1,2 or 3). Fourth parameter is new clock action time, in strict
format hh:mm:ss. Optional fifth parameter defines the day of week section of the clock timer.

ISET HEATER DAMPER# =t
Set new manually controlled damper setting for storage heating system i. Damper settingisa
fraction of 1, with O = fully closed, 1 = fully open.

ISETHEATEROUTPUT #i =t
Set new heating system maximum output in KW. First parameter is prefixed by # and isthe
heating system code number.

ISETHEATERSTATUSH#i =c
Alters the heating system operation. First parameter is system code number. Second parameter
iseither MANUAL ON or MANUAL OFF to override the clock controller, or AUTO to re-
establish the time-clock control.
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ISETHEATER SETPOINT #i =r
Set a new heating system thermostat set-point. First parameter is the system index code number.

ISETHTCX #i=r , 1 , r
Set new values for the heat transfer coefficients (horizontal, up, down: W/m?/°C) across the
virtual element i.

ISETHTCS# =r , 1 , r
Set new values for the internal surface heat transfer coefficients (horizontal, up, down: W/m?/°C)
for the element i.

ISET LIGHTING CLOCK c#i @j =ii:ii:ii [mtwtfss
Set new lighting circuit time clock markers. First parameter is either START or STOP to set
appropriate action at the required time. Second parameter is prefixed by a# and isthe lighting
circuit code number (as defined in the lighting definition file). Third parameter is prefixed by @
and refers to the desired clock period (1,2 or 3). Fourth parameter is new clock action time, in
strict format hh:mm:ss.

ISET LIGHTINGOUTPUT MANUAL # =r
Set new lighting circuit output while under manual control. First parameter, prefixed by #, isthe
circuit code number. Second parameter is new output as proportiona fraction (0-1) of specified
maximum circuit output.

ISET LIGHTING OUTPUT # @i =r |[mtwtfss
Set new lighting circuit output while under automatic clock control. First parameter islighting
circuit code number, second is the appropriate clock control period (1,2,3) for this new output.
Output is proportion (0-1) of previoudy specified maximum circuit load.

ISETLIGHTING STATUS#i =c
Alter lighting control mode. First parameter is the circuit code number, second is either
MANUAL ON or MANUAL OFF for manual override of clock of AUTO for reversion to clock
control.

ISET MASTER SETPOINT #i =r
Set a new master thermostat set-point. First parameter is the master 'stat index number.

ISETMET REWIND
Informs HTB2 to rewind meteorological data file to start, so as to repeat weather pattern.

ISET OCCUPANCY CLOCK START TIME# @j = hh:mm:ss| mtwtfss , and

ISET OCCUPANCY CLOCK STOPTIME # @j = hh:mm:ss | mtwtfss
These ater the automatic time-clock settings for the small power source i, and clock period j.

ISET OCCUPANCY LEVEL #i =r
Set number of occupants in space denoted by space code number i to desired multiple (>0) of
previoudly defined nominal occupant.

ISET OCCUPANCY LEVEL #i @j =r.r | mtwtfss
This redefines the occupancy activity level (1-3) for the spacei, for clock period j, respectively.

ISET OCCUPANCY USAGE#i =i
Select occupancy activity level for a space. First parameter is space code number as defined in
building file. Second parameter selects predefined activity level (1,2,3).

ISET OCCUPANCY USAGE# @j =i | mtwtfss
This redefines the occupancy rate (number of adults) for the space i, for clock period j, respec-
tively.

ISET OCCUPANCY STATUSH#i=c
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This sets the control strategy for the occupancy module for space i, where the word c is one of
AUTOMATIC, MANUAL ON, MANUAL OFF. "AUTOMATIC" runsunder timeclock control,
and"MANUAL ON" appliesthe diary prescribed conditions. "MANUAL OFF" applies zero
occupancy gains to the space.

ISET PROFILEINTERVAL =i
Set new reporting interval (minutes). A current report will be produced immediately.

ISET SHADING#i=‘c
Select a new shading mask for an element. First parameter is element code number, as defined in
layout file. Second is a character name for desired mask template, enclosed in single quotes.
Mask template name and data must have been defined in the layout file.

ISET SPACETEMP#i =r
Set virtual spacei air temperature to new value (°C).

ISET SPOWER CLOCK START TIME #i @j = hh:mm:ss| mtwtfss , and

ISET SPOWER CLOCK STOPTIME # @j = hh:mm:ss | mtwtfss
These ater the automatic time-clock settings for the small power source i, and clock period j.

ISET SPOWER STATUS#i =c¢
Alter output status of small power source. First parameter is small power source code number, as
defined in small power file. Second is either ON or OFF or AUTOMATIC.
These set the control strategy for the small power module for sourcei. "AUTOMATIC" runs
under time clock control, and "MANUAL ON" appliesthe diary prescribed conditions.
"MANUAL OFF" applieszero gainsto the space.

ISET SPOWER OUTPUT #i =r
Set new small power source output as fraction of maximum power specified (0-1).

ISET SPOWER OUTPUT #i @j = r.r | mtwtfss
This redefines the output fraction for the source i, for clock period j, for the lighting and small
power systems respectively.

ISET SUNIRRAD = r r
Alter solar irradiance values, overriding those taken from the meteorological file (if in use and
only until next met update). Values are total and diffuse horizontal irradiance in W/m2. Data must
be within 12 character wide columns.

ISET SUN POSITION = r r
Set hew sun position as altitude (90 degree = zenith), and azimuth (0-360 cw from S). Used in
conjunction with '"ENABLE NSOL at toplevel, to position sun independently of time and geo-
graphical location.

ISETVENT FACTOR#i =r
VENT OPTION 3ONLY. Set empirical equation coefficient “D” for space code number i.

ISETVENT LEVEL #i=c
VENT OPTIONS 1, 11 ONLY. Select ventilation level when vent statusis“on”, infiltration rateis
used when “off”. First parameter is space code number. Second is either INFIL, LOW, or HIGH
to override standard operation, or AUTO to return to normal, thermostat control.

ISET VENT OVERRIDE#i =c¢
VENT OPTIONS 1, 11 ONLY. Select ventilation level regardless of vent status. First parameter
is space code number. Second is either INFIL, LOW, or HIGH to override standard operation, or
AUTO to return to normal, thermostat control.

ISETVENTPATTERN =i
VENT OPTIONS 2, 12 ONLY . Select predefined air-flow pattern code (1,2,3).

B-79



ISETVENT RATE#i =1, 1,1
VENT OPTIONS 1, 11 ONLY. Select ventilation rates. First parameter is space code number.
Three numbers following define ACR1, ACR2, ACR3.

ISETVENT STATUS#i=c
VENT OPTIONS 1, 11 ONLY . Select ventilation operation status. First parameter is space code
number. Second is either OFF for infiltration rate or ON for choice of low or high mechanical
rates, according to air temp.

ISETVENT STATUS=c
VENT OPTION 12 ONLY . Select ventilation operation status. First parameter either OFF for
pattern 1 to apply, or ON for choice of patterns 2 or 3, according to the chosen control signal.

ISETWIND = r r
Alter wind speed (m/s) , and direction (degree CW from N), overriding data taken from met file
(if in use and only to next met read). Data must be in 12 character wide columns.

ISET WINDOW #i =*C’
Select a new window transmission characteristic for an element, which is transparent. First
parameter is element code humber, as defined in layout file. Second is a character name for
desired characteristic, enclosed in single quotes. Characteristic name and data must have been
defined in the construction file.

ISET ZIPVAR# =t

Set new vaue of user assigned zipper variablei. See Tech. Ref. Manua for information on
Zippers.
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APPENDIX C

HTB2 GLOSSARY

BLOCK REPORT : an output summary of average data values at specific intervals.

CONSTRUCTION : aconstruction is an ordered list of MATERIAL layers and thicknesses defining a method
of construction for complete physical partitions. The ordering of layers precedes from the
FIRST surface to the LAST surface. Generaly, the FIRST surface is expected to be the
external surface.

DIARY : A method of specifying a schedule of events (alteration of either data values or model operation)
occurring at any time of day in simulation time.

ELEMENT :an element is a physical or imaginary boundary between SPACES, across which heat transport
takes place due to convection, radiation, and conduction. An elements properties are de-
scribed by an appropriate CONSTRUCTION type (and possibly a WINDOW characteristic).
An element has two surfaces. Each surface is considered to be isothermal (i.e. only one-
dimensional heat flow is considered), and may be connected to only one space and zone. (see
also VIRTUAL ELEMENT)

EVENT LOGGING : output reporting of selected data items when their values change significantly from their
previous reports. This allows high time resolution output without redundant information
storage.

GROUND TEMPERATURE : anominal deep ground temperature to which the LAST surface of a ground
floor connects (denoted by space 0). The temperature is either input from the meteorological
data, specified in aDIARY entry, or calculated from the external air temperature within
HTBZ2, as selected by option.

FIRST SURFACE : anaming convention for the specification of connections between ELEMENT surfaces and
SPACEs or ZONEs. The FIRST surface of the CONSTRUCTION used in the element
specification is that of the first named part of the construction list. An externally connected
element has its FIRST surface to the exterior, while an element used as a ground floor (i.e.
connected to the GROUND TEMPERATURE) has its FIRST surface connected to the inte-
rior. A completely interior partition may have any space connected to the FIRST surface,
however where the partition construction is asymmetrical the FIRST surface must be con-
nected to the appropriate space.

MATERIAL : amaterial is a definition of the thermo-physical properties (conductivity, density, and specific
heat capacity) of a distinct layer of a CONSTRUCTION.

MODELLED SPACE : A modelled space is a SPACE in which heat transported across the bounding ELE-
MENTS s applied to the air within so that the air temperature varies accordingly. Thisis the
normal space used in building modelling. (see VIRTUAL SPACE)

PROFILE REPORT : an output summary of temperatures and heat fluxes through elements at specific inter-
vals.

LAST SURFACE : side of an ELEMENT opposite to the FIRST SURFACE.

SHADING CHARACTERISTIC : defines the site and component shading of an element in relation to direct
and diffuse solar irradiance.

SPACE : A spaceisavolume of air which is to be considered as being at a uniform temperature and well
mixed in respect to heat gains. A space need not necessarily be completely bounded by
surfaces (or ELEMENTS). Further, any space may have individual, controllable heat inputs
(for instance from heating system, or incidental sources), or selectable data outputs (for
instance recording the heat gains or ventilation rate).
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A space may thus be aroom of a building, a part of aroom, or a collection of rooms. In practice a building will
be divided into the largest spaces where the above considerations apply.

The exterior may be considered as a special space denoted by space 0.

SUN PATCHING : a (fixed) specification of the surfaces that a transmitted direct solar beam irradiates.

TIME-STEP : simulation time interval between calculation rounds. Maximum timestep governed by math-
ematical considerations of explicit finite-difference cal culations and minimum governed by
computer time usage.

UNMODELLED SPACE : (see VIRTUAL SPACE)

VIRTUAL ELEMENT : an imaginary partition which has no thermal mass or thermal resistance. Heat
transport is determined in terms of air to air transfer coefficients.

VIRTUAL SPACE : A virtua space is a SPACE which acts as an infinite source or sink of heat to the bound-
ing ELEMENTS. Itstemperature does not change except by explicit command from a
DIARY input. A virtual spaceis used to impose controlled boundary conditions on elements.
(see MODELLED SPACE)

WINDOW CHARACTERISTIC : defines atransmission and absorption characteristic for direct and diffuse
irradiance to be used by atransparent ELEMENT.

ZONE : azoneis defined by a collection of surfaces which partake in common radiant exchange. Radiant
exchange may occur across VIRTUAL EL EMENTS which act as spatial boundaries, so that
zones may be made up of more than one SPACE. Normally however a zone and a space will
beidentical.
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