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ABSTRACT

The objective of this project was to deyelop a Residential Building
Energy 2nalysis 'Proéram ;BBEAP), based on the CIRA model. The RBEAP
program was to represent an overall improvement over the CIRA program

in terms of user:iqteractivity and engineering methods. This goal was

acéomp&ished in the following steps,

1. 'The source code developed for the CIRA program-was used as a

. & . .
reference for the development of RBEAP in VAX-FORTRAN, The irput

. section was  rewritten in order to present the information in screens

Ed

or windows for better interactioﬁ with the program, _This was
ascomplished by using VAX/VMS system routines. T- '

2. The Mitalas PBasement model was <4ntroduced into the Déta
Compression program for'.the calculation of Bésement* heat‘ loss,
theréby improviné the overall monthly-ener§§ use prediction..

3., The con&ept of utiiization of internal and Solar gains was

introduced into the energy calculation program., This considerably

-

‘reduced the underbrediction,of.the program in comparison with the DOE

2.1A program,
4. The plotting program was'rewfgtten in order to fully utilize the
capabilities of the VAX system. These included use of the RGL (Regis

Graphiqs Library) . routines for' plotting the output data((of the

. program, s | D “

5. The program was vAlidated with regard to the effect of

iv



. incorporation of utilization factofs as well as the Basement model.
ﬁ;uses of varying mass levels and insulation were considered, Also
different‘situaéion pertaining to climate (location) were analysed.
The effect of these changes indicated that for similar houses where
CIRA was predicEed ko be a poor‘indicator of energy use, RBEAP proved’
to be very effective in.{ts energy use predictions. The'energy use
predictions were more closer to DOE 2.1A predictiogs on both-a-
month%y and a seascnal basis. This was found to be consisten;ly true
for different conditions.

In. summary it may be concluded that RBEAP can be used with greater

confidence in the modelling of residential’ dwellings than the

original CIRA program,
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CHAPTER 1

INTRODUCTION

. \

Energy Analysis programs’are eseential'tools in analysing =nergy use
in buildings. Computer simulation of buildings offers n_ume‘rcnus‘S
advantages over a corresponding experimental study (eg, a monitoring
study). It involves lower costs eompared to actual monitoring.
Modelling of a bqilding can be done in a short time. Energy
predictions couldufgrove useful to architects and enerqgy audttors in
upgrading . and retrofitting existing buildings. A corresponding
experimental investigation wouldﬂ take much longer. Arguably; the
results of experimentation are the most accurate and realistic Ebr

the time period that the monitoring was carried out, However,.if
energy‘ use—-fdr' a _different time period is required , experimental
1nvestlgat10n would have to be carrled out again whereas a computer
program could make predlctlons using existing weather data, Moreover

)
building parameters such as areas and resiStance values can be easily

varied and their effects studied using computer progranms.,

The calculaktion of energy consumption;in buildings is not an exact
science, not because the calculational tools are inadequate, but
because the complete input information is in some way or other .almost
always lacking., In addition, input data formats may be. unclear and
" having large amounts of input date may mask underlying Behaviour, The
use of most of the programs for energy analysisﬁpresents_a somewhat

-~

formidable obstacle  to’ the first-time user. Freguently it takes so



, 2
much time and effort to become familiar with Jjust one of these
programs, that consideration 1is not giQen to the use _of cther
computer 1|frograms of a similar nature that may be better suited to
‘the particular purpose, The user is perhaps the mos; important
variable - an unskilled or uncaring user can get bad answers from any
program; a skilled usex who unde;?ﬁands §bmethihg of the intent of a
.program can'-*get satisfactory answers fof most purposes with:
surprgsingly simple techniques (ref. 2). A further step in aiding the
user . in modelling residential buildings .is the development of

user-friendly, interactive programs whose numbers in energy'analysis

. have been very few,

The use of éomputers ﬁor engineering‘applitations has grown at a fast
paée over the last few years, Some aspects of most engiﬁeéring
projecﬁs' today have to do with‘computer programs. Computer programs
can be classified according to the degree of use they will recieve,.

From this point of view-two broad categories can be identified:
!

1) One-time programs - ,

2) Repetitive -use programs.

1) One-Time Programs: These programs are written to perform

computations in support of a single project. They are .in most cases,
intended to generate a liTigg@ set of data of a very particular

nature,
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1.1 Literature Survey:

- ) - - 3

2) Repetitiﬁe Use Programs: These are general purpose, multiple use
programs intended to solve the same type of problems many times for
multiple users. Typiéal of this group are general applicatiors like
duct design bprograms and energy analysis programs. The ASHRAE TC—1:5

group for ° computer ,abplications (ref. 3) has the follawing

recommendations to make regarding programs for HVAC
applications:
t

One-Time Programs Repetitive Programs }
Assenbly
Language Acceptable No
High Level
Language. " Acceptable Required
Modular ~ Not required - pDesirable .
Listing : - - .
with comments Required Required
User's Manual  Not required ' Required
Engineering _ ,
Manual Not- required Required
Test Cases Required Required

The progdram development process during the course of this project -’
A

adhered to the above mentioned guidelines for repetitive programs.

>

Y

The existing stock of building energy analysis programs can be

~broadly classified into two categories as hourly analysis. or monthly

© _analysis programs. Available programs in each of the categories will



will now be discussed briefly,

1.1 Hourly Energy Analysis Programs: _ o

These programs u;ually produce the closest comparison between metered
enerfly use and predicted energy use, They usually have the capability
to model both residentiai and commercial buildings. However their
cdmplé;IEQ causes some\*iigigggions such as cost, runniné\Eime eté.'
Moreover ;he targe%?audience.of these programs is limited to reSearch’
estgplishments .and/or Universities be?ause the user has to sPend.a
considerable amount of time in learning how”é% efficiently use the
program, This makes the program less attractive to users who would
like a gquick, fairly accurate estimate of -energy use without
involving themselves in substantial ﬁime éommittments imposed by the
program itself, Examples of this class of users could be Architects, .
Energy Auditors, Estimators and Consultants, The followfﬁg is a brief
survey of existing hourly energy analysis programs:
. %

aJDOE  2.1C is a program developed by the Energy in Buildings group of
the Lawerence Berkeley laborator?. It is capable of analysing both'
;esidentfal and commercigl buildings; Due to its detailed calculation
procedures and al;o becéuse of the good agreemeﬁt hetween predicted
and metered energy use(rﬂi. 1), iE as been accepted as a standard of
reference in enérgy analysis, Itww

as used as the reference program

during the course of this Q;oject work.

DIDEROB  (Dynamic Energy Response of Buildings) was originally



B>
5

. . !

devéloped By the Numerical Simulation Laboratory of the échool df
architecture at' the University of Texas at-Aust;n. It solves the
building heat transfer équations in terms of an ﬁc hetwork. It has
been able to‘preQict energy use to within 20% (ref. 4 ) with"réspecg

to actual energy use,

! Y

. N,
c) BLAST(Building load Analysis and Systems Thermodynamics)is ,a
comprehensive energy  analysis program for estimat ng hourly space
heating and cooling requirements, hourly perﬁormancé of fan systemé
aﬁd hourlf&\ferformance of c@nventibnal héating and cooling piants,
total ‘solat energy plants and/or. solar energy systems, The execution
"~ time _for this programr ié much longer than for the bOE‘2.l program,
' However, its rigorous ﬁnd detailed calculatkon proceaures have
eStablished iE as a fairly populdr publié ~domain~pourly energy
analysis program, A users maﬁual ‘which also givés a3 éenera1
deécription of program use and capabilities is cited iﬁ reference 5.
Jd) -CCB/CALDERA is a building energy analysig program developed by
Consultants Computation Bureau of Qakland, California..Input data to
the program requires the user to learn a building deécription
language. The program architecturé makes efficient use of compute&
resources thereby reduc;ng execution time, However, the program,
- after the user;testing phase has not proved to be éommercially_
popular due to ginaccurate p;edictions of ehergy use in cértain

conditions, Further details can be-found in (ref.6)

&



- | Lt . T . T 6

.e) The National Bureau of Standards Loads Determinafion program,

NBSLD, estimates the energy use by solving simultaneous heat balance -

‘equatlons on an hourly basis. The heat balance approach is more
'prec1se than the welghtlng factor approach(as used 1@,DOE 2.1) but is

more time consuming. A comparat1ve study of three computer programs.

by CcCarroll(ref. 7) revealed that there was no substantial improvement

in accuracy by using the heat balahce approach, However, this program

-~

has the capability to model complex systems for comﬁercial buildings,
Its predictions have shown good agreement wioh measured energy use,
E); The"éoergy Systems Analysis (ESA) series is a 1ibrary of ¢omputer
progfams de&eloped by Ross AF. Meriwether and associates; Inc, for
hour:by—hour- calculatioo of energy consumption- of buildings. This
program has shown .good‘ agreement with measured energy use. Fusther
details can be found in reference 8 ~ |
i o N

g) EC€UBE 75{Energy Conservation Using Better Engineering) 1is an
integrated series cof Ene;gy Analysis Programs, It evaluapes energy
systems to determdne which equipment most‘economically satisfies the
energy requirements of a partlcular structure. It is largely used to

—— -

31mulate commerc1a1 bulldlngs which hege complex plant and systems’

.equlpment‘(ref. 6}, . : '

h) GLAS(Graphic Load Analy51s ‘Program) based on Coﬁputer Graphic
Input- techniques has been developed at Cornell Unlver51ty Data

required for Energy Analysis is Input through simple visual commands.
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of thly values or from weatherAtape. Most of the algorithms are
dra from 'the NBSLD program, Since. GLAS is available on a
microcomputer, so;z of the algo;ithms have beeﬁ simplified in order
“to save‘-qomputation time, This program has shown good agreemeﬁk with
measured énergy use. (ref.9)

’

1.1.2 Monthly Energy Analysis Programs: ~

These programs provide £fairly accurate predictioﬁs of Energy use in
comparison with hourly energy analysis programs(ref.lo and ref.1l).
The input téq&% ements are 'considerably reduced and these programs
are eaéier to us| ._Since they gre usdally written for micro%omputers
they afe more transportable. This ;akes them avaiiable to a wider
spectrum of users including individual consulting engineers ‘and
architects whose access to maihgrame computers may be limited.or
_unavailable,

LY
a) CIRA (Compuﬁerised, Iﬁstrumented, Resqipntial bAudit) is a
user—friendly, intefactive' Energy Analysis program develsred at
péwrence Berkeley Labo:atoryi It calculates monthly and annual
heating .ldads for residential buildings, Some ;cominent feétures
which distinguish “CIRA from existing building energy analysis
‘1“programs are: CoT L~
i) It is user-oriented, The user does not have to spend time in
learning a specific building description language,

ii) It is an interactive program. If the user does not understand a

question, the 'Help' facility provides explanations to the users

The hoﬂrly weather data'are obtained'thfough Monte Carleo simulation

-
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. N
iii) Dpefault wvalues are calculated from answers to previous

L4
guestions,

]

iv) The program needs a short simulation time.

This program has shown fairly good agreement in comparison with DOE

2.1 'on a seasonal basis(references 10 and 12). However, the agreement

on a monthly. basis with DOE 2.1 is not verf gooa.

Patwardbgn's (ref.12) Master's thesis work at the University of
Windsor déﬁlt with the critical evaluation of. CIRA &ith respect to
actual metered energy use as well as éomparison with the DOE 2.1
pragram..He cggcluded that :

v

l.f“CIRA' ca;:) e expected to produce re;iable results on a seasonal
basis for houses of average constructio; and low or moderate levels
of insulation 'and Solar and internal gains. However, the deviation
from DOE 2,1 predicted energy use on a monthly basis was as high as
33%(ref.12). CIRA fails ~ when required to model tight E loﬁ
infi].tr-a-t;‘imn{.J loss ), well insulated houses with high splar and
internal gaiSE.

2. The basement heat loss predictions on a seasonal basis were found

“to be within 10% of that predicted by the reference prograg,

HEATING5. However CIRA significantly overpredicted the heat. loss in
the  fall and winter months, This$ pattern was reversed ih the spring
months:” Thus CIRA was not’a good predictor of monthly basement heat
loss. This problem would be reflected in Bnergy use on a monthly
basis, | '

3, The variable base degree-day method of calculating heat (Qgoss, from

the superstructure was judged to be excellent., The treatment of Solar
- .

s s ———

R

L

}
1
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ﬂeat gain and Sky radiation loss were judged to be adequate. However

it was noted that there was a need for incorporating appropriate

algorithms for calculating, Solar and interpal gain utilization

factors,

b} EEDO ‘is a program compiled by Burt Hill Kosar &.Rittleman
associatgs., It 1is simply the IBM-PC version of CIRA, No changes have

L

been made in the %g?inéering methods, (ref,13)

c) . HOTCAN is a program developed by the Division of Building Research

v

of the National Research Council, Ottawa. This program has well

developéa Basement  (ref.14) ‘and. Internal Gain(refs.15 and 16)

calculation procedures. Howaver the Heat Transfer ealculations from
" the, Superstructureq\agsL’gg;//;s well deve;aped as CIRA, For example

HOTCAN uses the UA(dT) concept for calculating heat loss which is not
as accurate as the Variable Base Degree Day (VRDD} method . Mbrever
thé calculation of infiltration heat loss is too simplistic,

This program does not proyider ’help? to the user although it dces
provide default vélues which are arbitrary nuébers and are not
calculated from answers Ato previous gquestions as in CIRA, The
Easemeht heat loss calculations are available for one set of Soil
conductivities only, namely 0.8 w)mz-K for the upper soil and

0.9 W/mZ-K for . the Jlower soil surrodhé{hg the basement. A user's
manual and a brief description of the Engineering methods used in

HOTCAN can be found in reference 17.
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£) TRAKLOAD (ref. 18)is an Energy and Systems analysis program
developed by Morgan Systems Co;poration. It uses the Bin or
temperature fredquency method to calculate the design loads for the
building structure. The program alsc calculates peak heating and
cooling loads. The monthly soutside temperature is derived from the
mean of the monthly temperature bin distribution. This program is

-
recommended for analysis of commercial buildings,ﬁThé:basement1model

does not account for the thermal mass of the soil and is treated as a

pure thermal resistance. Ground temperatures are not used to
calculate the basemént heat 1loss which could lead to signifycant‘

’

errors in computing the heat loss. \ﬁﬁ

g) CARRIER E-20 II: This program uses the Bin method to calculate
design peak as well as monthly andk annual heating and coollng
requ1rements A comparison between DOE - ;\genengted residential design

energy budgets with those calculated by the Bin method was done by

‘Kusuda et al (ref.19). They concluded that the Bin method waé“a good

predictor of <cecoling load but recommended the variable base

—

N ; B
degree-day method for calculation of heating load. Further details

. about this program can be found in ref, 20.

h) HEAP ( Home Energy Audit Procedﬁre) is a computer program‘
developed by ‘the National Bureau of Standards to. determine the
month-by-month as well as the annual heating/cooling Eequirements of
residential buildings. The calculation prbcedure is based upon the

simple concept that the daily total heating/cooling requirement is

A

-
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proportional to the daily ‘average - temperature difference between

indoors and outdoors. The précedure computes the heating/cooling lead

separately for night and day and is capable of accounting for storage

effects, A comparison betw;;B\ﬂE:f and DOE 2,1 {ref.19) revealed that
predictions were oug51de of + 15%, Further details abou2¢%?;s program

can be found in reference 21. .

e ‘ ; . \
, R N . " .\/
The following conclusions were drawn from the literatpre survey: \l“\§

“a

1. In the absence of a better Monthly Energy Analysis

program, Hourly Enerqy Analysis programs are the best predictors of

_—

energy use.- However the input requirements of hourly programs mak%(\

thér95 difficult to use. S, ' y (\
/ . ot

/ k]

2. The ideal program would be user-friendly, interactive and provide
a realistic prediction of energy consumption This could be designed
on an hougizﬂpasis or a monthly basis. Incorporation of user-friendly
features into a monthly program is more practical due to

comparatively reduced input requirements as comggged to hourly
T

programs,

OBJECTIVES

The objective of this work was to develop a residential building ::g&?&

energy program (hereafter referred to as RBEAP) based on the CIRA
model but  with  substantially improved engineering calculation
procedures in the areas in which CIRA exhibits weaknesses. The

measure of improvement was to compare the results of this program

-
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with thé- results of the standard reference program , DOE 2.1; Simply '

“bf this project are as

stated the objectives
follows: -

a) "To develop a monthly energy analysis program which could

-accurakely pred%ct monthly energy conéumption.

b) To improve the calculation procedures of the CIRY¥ program with,

regard to the treatment of: ' oo " \
\\\9) Solar and Internal gains :
4 ’ ] i
ii) Rasement Heat loss, e p

b) To develop the prog;am so that it could provide for easier
Input/Output ~ operations, source code’ modification and file
management, This was to be achieved by coding the program in
VAX-FORTRAN to utilize the flexibility of the’VAX/VMS system )
(A facility of the Faculty of Engineering at the Univefsity of
Windéor).

These objectives were to be accomplished in two phases;

The original CIRA program (hereafter referred to as CIRA-BASIC) was

" avarlable on a floppy disk for.the CP/M based microcomputers, The

program took up nearly 64K of memory and any further modifications

generally . caused an overflow in memory. Although the later generqtion
of md rbcompute;s that followed could pdssibly accomodate the changes
envisaged in the i%régram, CIRA-BASIC was not reprogrammed for
microcomputers due to the fact that th microcomputer cgﬁld place
memoryﬂlrestrictions on possibie future anges in the program, Such
changes could include éedgcing the basic-caléulation time steﬁ to a

week or a day or incorporating new and iméroved calc%%ation
¢

o

H

;
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procedures i,e. ) this program could jbe used as a basis Epr later

development, It was therefore deci

d "to recode the program in

FORTRAN for the recently acqlgred VAX X1/785. This would eliminate

-

the constraint of computer memory and at the same time provide for

useful VAX/VMS utilities such as screen-management procedures which
were extehsively used in the Inpux\section of th ‘prog?gm and RGL
subroutines(VAX Graphics Object Library) which were' used to ’
graphically manipulate the }output. A further advantage would be the
ease of modifying source code and program characteristics due tor the

flexibilty of the VAX/VMS system,

Once the FORTRAN versicn was thoroughly tested to ensure that results
produced by it compared accuraﬁely with the BASIC. version,
e%gineering changes were incéfporated into the‘program. The resulﬁs
fgr three test houses were then compared with those broduced by the
standard reference program DOE 2, 1A, | -

This thesis report is divided into seven chapters,

Chapter 1 deals with a general introduction and statement of

.objectives for this project., Chapter 2 is a discussion of the Input

section of the program, Chapter 3 deals with the Data Compressipn

portion of the program. Chapter 4 1is a discussion of the Energy
!

calculation- program, Chapter 5 describes the capabilities of the

Plotting program. The results of modelling houses on the program are
discussed in Chapter 6. The final conclusions and recommendations are

presented in Chapter 7.

?
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CHAPTER 2

INPUT SECTTON

:J:#'

2.1 INTRODUCTION:

-

This chapter discusses in detail the nature and prominent features of
the input ‘section of RBEAP, it a8ls0 discusses the programming
considerations a:é file{s) structures necessary td provide this level
o§ interactivity and user-friendliness bétween‘ the user and the

program, This Chapter is divided into three main sections:

a) The first section is a description of a sample input session with

7
*

_RBEAP, ‘

b} The seccnd éectioh is a description of the ,INF and .EXP file
structures, A

c} The third section describeé the function of subroutines used by

the input section.

RBEAD - does not use a building description language. The complete
building 1is described in components which can be selected

intefactively from the screen-display. The components are:

GENERAL WALLS . WINDOWS  ROOF~CEILING
HVAC-SYSTEM -~ .LANDSCAPE - ECONOMIC  INFILTRATION
SUBFLOOR' APPLIANCES ACTIVE-SOLAR ' -

PASSIVE SOLAR DOCRS

2.2 A SAMPLE INPUT SESSION WITH RBEAP

P -

The following is a description of the input section as perceived by
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Ehe user. After logging on to the VAX 11/785, the user is require to
‘type @RBEAP at tﬁe BCL command level (at the $ prompt). The following
sequence of' events will occur, Successive screen images are shown in
figures 2.1 ‘through 2,20, First the credits for the program will
appear ‘fgllowed 0by the 'Master Menu' display. The screen disglay
.would be as inkqfigure 2.1, At this point the user can request
detailed,  brief. or no instructions by moving the highlighting bar{;
with - the arrow keys and pressing the RETURN key to select the desired
option., The 'Long' instructions options (fig. 2.2 and 2.3) is a
detailed explanation of how the program may be used. If the viewer
chooses the 'Long' instructions option and desires to proceed to the
next menu while reviewing the ‘Helﬁ' information, he may do‘sé by
pressing the RETURN key. Help at any later stage of the program -
(while answering questions, plotting etc.) is available by pressing
the 'Help' key on khe VT§240 terminél. If the user selects the 'No'!
instructions option the screen will be erasedfépd the next display_is
as shown in figqure 2.4. The screen consists oévthe 'Possible Answers'
‘window and the .'Existing Compﬁnents' window. The 'Existing
Components® window would be blank if the user is entering information
for the First time. )
At this point the user caﬁ choose to enter components by scrolling
with the arrow keys on the 'Possible Components' window and pressing
RETURN to make a seiéction, guit by pressing Ctrl-C or continue to
the next menu, If the user chooses to enter or réview existing house

data, he may do so by scrolling to the particular component and:

pressing the RETURN key. For example, if 'GENERAL' were the component

4%
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—?i\ THE 'UNIVERSITY OF
. WINDSOR
RESIDENTIAL BUILDING ENERGY ANALYSIS
PROGRAM

BY

[

| N.W.WILSON, ANANTH 5.RANI & PHILIP AYLESWORTH

%igure 2,1
Program Credits

"

Mactar Monu

']

Welcome
B to the i
_ .. University of Windsor Ho instructions
Residential Building Energy
fAnalysis Program

Long, Short or No INSTRUCTIONS 7

UP or DOWN arrows to change selection, RETURN to choose, ctrl D for default

Figure 2,1
Master Menu display
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— »tio] ¥ Information- i
keys will move. the high-lighting from erie dnswer to the next. When the
answer that you wish to choose 1s high-lighted, press the RETURN key to
select that answer. The box will disappear from tﬁa screen and the seleoted
answer will appear next to the question that was being asked.

In some cases, an answer may be high-lighted with black characters on
a green background. This indicates the current answer to the question. To

select this answer, move tH® black-an-red high-lighting to the answer and
press the RETURN key. _

For example, the questionimight be:
Window GLAZING

&

The list of possible answers would then contain
. ‘
Single pane
“Double pane

?

Press any key except <RETURN> to continue
Press <RETURN> for next menu

.
Figure 2.2 ~—

General 'Help'! Infermation

—Help Information

MISTAKES

If you make a mistake, there are ways to correct it. If you are
creating a component, simply continue with answering the rest of the
questions. When all of the questions have been answered, you will be
informed of this, and the current questions and answers will be dis layed
again. At this stage, the top line of the display will be high-lighted in
biack-on-red, and the bottom two lines of the display will be:

DELETE Companent
SAYE this information b

The arrow keys may be used to move the high-lighting to the approriate
question, then the RETURN key should be pressed. The possible answers will
then be shown, and a selection can be wade as is described above. Selecting
the SAVE option will result in saving the modified information.

Press any keg’excépt <RETURN> to ' continue
) Press <RETURN> for next menu

Figure 2.3 - 4

General ‘Help® Information
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Haster Menu

General
Lalls .
Windows
Infiltration
HVAC_systenm
Landscape
Roof_Ceiling
Appliances
tconomic
Doors
Subfloor

Existin‘tcbm:cnents

¥euboard Use

~.,

Fossible Answars

[BlGeneral o

Econonmin
Windows
Baors

Walls

Roof_ Ceiling

~~Suhfloor

Passive_bolar
Greenhouse
Active_Solar
HVAC_systen
Infiltration
Landscape
Appliances
Continue

UP or DOWN arrows to change selection, RETURN to choose, ctrl D for default

Figure 2.4

" "Master Menu' display for 'Existing Components' and 'Possible Answers'

/

Current Answers for Generzal
NFlHE DF thls hCILISE'--n...-......'.”.'.'. VR“B

i

What CITY ....vvinvacaencnaansennsanss Detroit
AZIMUTH of north face ....eceeesannss 0.0

Indoor temperature swing ............ Q.0 .
What type of THERMOSTAT ............. Heating only

Heating THERMOSTAT setting ....

eesne. 21,1118

Heating NIGHT setting ............... 21,442
Avg Indoor SUMMER temperature ....... 29,555

Total house FLOOR AREA ....

Avg. thickness of flaor slab

House MASS iiuivevrverenaecnse
Solar STORAGE factor svevevess "
SPECIFIC THERMAL MASS ......

SAVE this information

vevverre.. 134,059
..... .. 127,
... Light

L I B B 0l22
ceveres. 38,7999

degrees

degC

degC

degC

degC - .
sqm

ny

unitless
kJ/K-sam

Figure 2.5

Current Answers for 'GENERAL' component ‘
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of interest, the screen display would be as in figure 2.5, The label

-

appearing at' the top of this display_would be 'Current answets -for
General', ~if
Otherwise the label would be 'Creating New Component General' and the
user would be required to answer the necessaryrquestions._Typiéal
'Possible Answers' windows for both text and numeric questions are

shown in figures 2.6 'and‘2.7. For a question that requires textual

i 2 .
~information, the user .is regquired to choose answers™ from the

- 'Possible Answers' window only, whereas for numeric .juestions the

user can input the values.} WO -exambles of error tra;;IB§~in the
input section qf the RBEAP program are. shown in figures 2.8 gnd 2.9,
If the user-input numeric value is greater than the 'Maximum Value'
as displayed in the 'Possible Answers' window, a message indicating
that the user-input value is '‘out of ranée Wwill be_typed on the

screen, Also if a textual answer is typed in response to a numeric

question, the user will be .informed of this. Components such as
'GENERAL', 'APPLIANCES', °'HVAC-SYSTEM' are single-entry components,-

i,e., there are "no sub-—components, Components such as 'WALLS',

'WINDOWS' are multiple-entry components, i.e, there may moreathan one

sub—compoﬁent. Figures 2,10 and 2.1l show the process by which a new

[
. component in 'WALLS' is created. Note in figqure 2,11 that when

information is entered for the very first time, the user is placed in
'EDIT' mode at the end of question-answer session. Figure 2.13 is the

question set for the 'SUBFLOCOR' component when the subfloor type has

- been__chosen to be a Basement. Fiqures 2,14 and 2,15 show how specific

helé information is available_ at every stage of the program, In

o

'GENERAL' already exists in the House,Dat ".file,
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Current Answers for General

NANE of this house .....ccceevvonvean VRWB

*What CITY ...oevcveanen etaanarus sange Detroxt
AZINUTH of north face ............... 0.0

Indoor temperature SWing .....ccceues 0.0

What type of THERHOSTAT ....... «sa-.. Heating nnlg
Heating THERMOSTAT setting .....:.... 21.111
Heating NIGHT setting .......... eavse 21,111

Avg Incoor- SUMHER temperature ....... 25,5559

Total house FLOOR AREA ....... .00 134.059

fvg. thickness of floor slab .
Houzs HA3:2- '

.'127.

la

UP of DONN arrows to change selection, RETURN to choose, ctrl‘D for default

N Figure 2.6 -
Current Answers for 'GENERAL'. Examble Text question

Current Answers for General
NAME of this house .......cevenveeeae VRN

"hﬂt CITY Tssessmavana RrsasassvEaenan Dett&i.t( m
AZIMUTH of north face ....... venassen 0.0 Enter value

Indoor temperature SWing ......oesvee Q07 - Hinimum value: ¢.0
What type of THERMOSTAT ............. Heating only Haximum value! %,
Heating THERMOSTAT setting ..... eeeee 21,414 H

Heating NIGHT setting sveceveccveneee 2118

Avg Indoor SUMMER temperature ....... 25.555 .
Total house FLOOR AREA .............. 134,059
Avg. thickness of ﬁluor 5lab veeaenee 127,
House mss .l....lll.l.l..l IIII(..I' Light’
3 e e 7 unitless

UP or DOWN arrows to change seleétian. RETUﬁN to choose, ctrl D for default

Figure 2.7

Current Answers for "GENERAL'., Example numeric question
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- Current Answers for General
NAHEO? thiS hDIlSE ssamuwEn sesssansay VRHB - -
uhat CITV EeSdasaansddavendudRarNEPeS Detroit
AZIMUTH of north face ...... P « 0.0 degrees
Indoor temperature SWing ....veeenea. 00 degC -
What type of THERNOSTAT ......... «+:« Heating only .
Heating THERNOSTAT setting .......... 21.111 degC
Heating NIGHT setting «...vvvvinannnaa 21.111 degC
Avg Indoor SUHHER temperature ....... 25.555 degl
Total house FLOOR AREA ........... ens 134.059 sqm
Ave. thxckness of floor slab cesneens 127, RR
HUUSE Hﬁss L EAaESdYeraA B uTrNENGESVRRDNA L-i-ht
Solar STOES GE 5'-‘:r e RS ] unitless
L
Press any key to continue
‘_
Figure 2, 8
Example of error trapping. Numeric question

Currant Ancuarc for Ceneral
NAME of this house ....ecvcevveensse. VRUB
What CITY .. v.ivevervvananncnancacaaas Detroit : :
AZINUTH of north face ...vcvvuvese vew 0.0 degrees
Indoor temperature sSwing ...snveeee.. 0.0 degC
What type of THERMOSTAT ............. Heating only
Heating THERHMOSTAT setting «.eovuue.. 24,114 degC
Heating MIGHT setting ...c.avuvaaenas 210414 : degC
Avg Indoor SUMMER temperature ....... 25.555 depC
Total house FLODR AREA ......cr0neue- 134,059 Sqm
Avg. thickness of floor slab ........ 127. -
House HASS .....ccansvanannsannaasars Light '
Solar STORAGE factor ....icevavravens 7esr . unitless

Please Cive a Numeric Answer
Press any key to continue

Flgure 2.9
Example of error trapping. Text question
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Master Menu

Uup ur DONN arrqus tp change selectxnn, RETURH to choose, ctri D for default

Figure 2,10

"Master Menu' display for creating a new sub—component

o

’

-
-Creating New Walls Component

NAME %or the following walls ..... +«+ print A
Hhich wall ORIENTATION ......c0uus .+» South walls

Wall TYPE .. cscencncnnns vansssinarsn- Solid brick

Wall INSULATION ..cocovvanevasnnn «aa» None

INSULATABLE wall THICKNESS .......... 0.0 An
Exterior INSULATING SHEATHING ....... None ’
Wall R-VALUE ...ectisnsncanannns eusses 0.687285 K~sqm/W
Wall AREAwo/ windows & doors ....... 20. sqm

No. of WINDOMS .......cone0annnns anen 3 : No.

No. of VENTS In wall .....cocevenaees 14 No.

No. of other PENETRATIONS ......v.... 1. No.
Specific LEAKACE AREA ....... censaunes 181.32 . sqmn/sqm

]

Waitisz

\\“ﬂ=\\ I Press an9 key to continue
Figure 2,11

Qg?stion set for a new suB-component'in walls

L
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uurrent Ansuers for Subfloor—3+
PSRRI VRHEBASE 2
' Basement ..
Soil TYPE tiuuvveccncnnnininnvrnaranns Well-Drained Clay
Where. is the Basement INSULATIUN v oo Inside
Basement temperature .........c0c00n 2$~§111 " degC
Above Grade wall Rvalue ........ weran 0,.3524%9 K-sqn/W
ABOVE-Grade HEIGHT <civeceiceracrasas . 0.3048 ‘ n
Exposed PERIMETER .vuvvaveqarnanarnns 27.432 n
Floor AREA {Joists) .eeueiiincnnnassns 45.894 Sqm
Floor &p. LEAKAGE AREA ......... eress 313.33 SAMR/Sqn
No. of WINDOWS .......... N ' No.
Wall specific LEAKAGE AREA .......... 1435.19 SqAR/5qm
Ared A2 csvesavrrecnasnsas eessnanus .« 16.4592 . 5qm
R-value for ﬁ2 srsesenanasannry veaan. 0.854701 . K-sqm/W
Area A3 ...uvean, Cerssencusenausnnn 33.708 Sqm.
R-value for A3 ....... cerervssesnvann 0.854701 K-sqn/W
ﬁl‘ea ﬂ“' svsEEEETERED TasssvesanswBPNRNEE 23.432 Sq“
R-value for A4 ......... tervsssrsaras 0.2326 K-sqmn/W
Area A9 coiiievcsnncnraanes preseue seree 22.462 SYm
R-value for A9 ....0veess vesnsaanssss 0.2326 - ~ K~sqn/W
DELETE Component '
SAVE this inforaation r
Figure 2,13
Current Answers for 'SUBFLOOR' component
‘



Current Answercs for Halls {

NAKE for the foilowing Walls ........ print {

Which wall ORIENTATION ......ue. sasas South walls

Wall TYPE ...cseneuccrccaranasnanenns Solid brick

Wall INSULATION v0vevvrennn. eussensnan None Minimum value: 0.0
~ INSULATABLE yall THICKNESS ...veveces 0.0 Maximum value: 2000,
- Exterior INSULATING SHEATHING ....... None .

uall R-VALUE SaBE S s AaNr I VARSI BPANS AN NS

Wall AREA wo/\windows & doors ...ece.:

No. of WINDONS ....ccveveecuenannnss . 3,

1

No. of VENTS in wall ......
Ko. of other PENETRATIONS .
QN A C LEAE AL TARE AN S T e T,

p

-

=3

UP or DOWN arrows to change selection, RETURN to choose, ctrl D for default

L. E— Ao

Figure 2,14 : -%

Question in 'Walls' component

T

Help Information

The leakage area of a wall is the area of a'single hole in the wall
which would leak in the same way as all the leaks from cracks around the
edge of therwall and around vents, penetrations, and window frames.

The SPECIFIC LEAKAGE AREA is the leakage area di:%ded by the area of
the wall. ‘ e

) N
If you press <ctrl-D> the computer will give you a defauit value based
on the answers you gave earlier, . .

Press any key to continué*\

Figure 2.15 - \,/

- Corresponding ‘'Help' screen {

war
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fiqure 2,14, the _user is required to answer the guestion pertaining
to Specific Leakage area., If the user 1s unsure as to the meanlng of
- the terms, he/she may call for help by pressing the 'Help key "on the

g

If the 'Continue' optlon is chosen when all components have been

VT-240 terminal. The display would be as in figure 2 15.

entered or edited, the next display would be as in figure 2.16, Again
as can be seen from the Ffigqure the user can choose to r%EFnter
components, quit or proceed to the Energy Calculation section. 7

If 'Calculate Energy' oétion is specified, messages will be typed on
the screen indicating the progress of the program (fig, 2.i7).

The 'next screen contains information on the.various files created by
REEAP and a brief description of their contents(fiélz.le). The
plotting program Pis the next rnn in the batch mode, The terninal is
now 1nt1allzed for graphlcs and a few dlrectlve messages are typed as
in figure 2.19. The next screen is the output of the preogram labelled
'Graph  Data'(fig./2.20}. The user can plot displayed variables
calculate between columns save the screen for later printing,
These and - other featurés :;\Zhe program are dESCEIbEd in detail in

Chapter 5.

\ ,
2.3 NATURENOF INPUT:

In developing RBEAP, much effort was devoted to simplify the tedious
process of ‘entering the appropriate building data. Prominent among

the features that distinguish RBEAP from other computer programs are:

Friendliness: The user is not required to learn a specific building

description ’ianguage. Ques;ions are asked iniplain english, The user



Haster Menu

(alculate eperey
Ctrl € to Quit

ENTER, CALCULATE, or QUIT.............?”

-

beyboares Uz

UP or DOWN arrows to change selection, RETURN to choose, ctrl D for default

Figure 2.16 :
= 'Master Menu' display for ‘Enter, Calculate or quit' optiom.
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READING DATA
COMPRESSING
WRITING
”ENTERING.ENERG; CALCULATION PROGRAM
- . | QALFULATING
WRITING

PLOTTING
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Lle<Informatio

The following files have been created during progranm execution.

1. House.dat;n (n is the version number of the file). '
This file contains the input data~for the house. It can be edited
with the full screen editor. Editing is encouraged only if the user
is familiar with the records and data positions occupied by
house.dat values.

2. House-std dat:n
This file contains the standardized house.dat values after data
compression.

J. House.lad:;n
This file contains the calculated values such as heating loads,
solar gains etc.
4. gbase_(Subfloor name).dat;n
Subfloor name is the name given to the subflopr by the user. This
. file contains information about’the heat laosses through various
segements of the basement. The monthly loss through each segment

as well as the total monthly heat loss is stored inm this file.
PRESS ANY KEY-TO -CONTINUE

Figure 2.18

File Information M////f

The following files have been created during program execution.
Hisc.dat: '
This file contains information aboul the following variables:
. L.Effective Temperature 2. Solar storage factor

I

PRESS ANY HEY . TO -

\\‘



Figure 2.19

¥

~

NOTE: If the terminal vou are using is mot & VT-125, you will receive

the error message below., Bypass this message by pressing <RETURN>,
247 HGL Terminal is not a VT=-125.

Figure 2.20
Output information in 'Graph data' screen

-
i 2 3 4 5 6 7 8
Nload DayOn .NitOn SpEgy infil T gas Telec
GJ GJ X 4 GJ _ ac/hr -therm kih
Jan: 5.2 6.2 43,9 6852.3 11.3 0.68 0’ 42214 :Jan
Feh: 4.0 54 37.3 §50.5 9.3 0.69 - 0 3564 :Feb
Har: 2.4 4.3 20.4 | 36.4 6.7 . 0,55 0 2932 :Mar
Apr: i.0 2.3 9.2 20.2 3.3 0.48 0 1969 :apr
Hay: 0.0 0.0 0.0 0.0 0.0 .0.45 0 1074 :iMay
Jun; -0.4 -0.¢ 0.0 0.0 0.0 0.30 0. 1039 :Jun
Jul: -0.6 -0.3 0.0 0.0 0.0 0.34 0 1074 :Jul
Aug: -0.5 -0.2 0.0 0.0 0.0 0.33 0 1074 Aug
Sep: -0.4 -0,0 0.0 0.0 0.0 0.38 0 1039 :Sep
oot 0.8 1.7 6.4 14.4 2.5 0.44 0 1759 0ot
Nav: 2.2 3.2 19.14 28.4 5.4 0,49 0 28942 IHov
Dec: 4.2 . 5.0 35.4 42.9 9.2 0,58 0 3632 :Dec
SUM: 18,2 27.5 171.7 245.1 47.8 5.70 0 25912 :SUM
MEAN: 1.5 2.3 14,3 20.4 4.0 0.48 0 2159 :MEAN
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simply answers the questions displayed'on the screen.

Helpfulness: If the RBEAP user does not understand some of the

questidns, he/she can call for help with a simple keystroke which can

provide information on how to respond to the question,

Possible Answers: The list of possible answers to a guestion is

displayed on the screen ‘for selection by the user. This is useful
when the user understands the gquestion but cannot remember the

possible choices to respond to the question.

Dynamic Defaults: This -is by far the_most user~friendly feature of

the input section., It aids ‘both the lay as well as the technical
user,

For example suppose it 1is required to find the R-value of a 2'x 6'
frame wall whose 5.5 inch- cavity is insulated with 4 inches of

vermiculite and one inch of exterior insulation sheathing. The lay

-////uSer would find the above sequence of information'slightly vexing,

the professional user would still have to reach for a handbook in

‘order to find the R-value. However RBEAP provides the answer again by

- a  simple keystroke, These values are called qiﬁamic defaults because .

they are calculated in response, to previogs_questions‘and are not

arbitrary 'most. probable' numbers.

—

Editing Ipput: Often the user may want to correct previously entered .

data, change it or reuse data from an existing house, RBEAP screen
displays are such that the user has minimum difficulty in doing so.
If the user makes a mistake in response to a question he/she should

4

simply continue answering the questions until the set of ‘questions

L
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for the particular component have been’cbmpleted following which the
user can change the response to Fhe incorrectly answered question,

The questions required to Qescribejeach component in‘RBéAP are stored

in files with the file-name extension ,INF, (eqg/ ETNDOWS.INF). The

help files for each component are stored in £ifed with the file-name
extension .EXP feg. DOORS.EXP) These are described now before
proceeding to the description of the Input program,

I

-

2.4 .INF AND _EXP FIILES: e

These files are quite similar to the ones used in the original CIRA
program {ref., 23), except that the ,INF files drawn from the CIRA
pfogram contained the infqrmation for each question sefially in the
same record, whereas RBEAP shor;s the information record-by-record to -
facilitate easier 1/0 operation, The°1JNF files store information on
the text of.  the quéstion, the ne;tuquestion, possibie answer list,
default values {uncoﬁditional/cqnditional), name of 'Help' file to be
accessed, minimum and maximum values for‘the angwer and data position

for result, These terms are Vbetter understood with reference to
Tables 2.1 and 2.2..Table 2.1 lists the contents of each récord and a
brief description for a typical' Fextual multiple choice question.k
Table 2.2 lists the records for a typiéaiﬁﬁﬁméfic\questién. There are
lQ_.records; fOF each québg}on ~sét:. Theses records are explainedjin
éetail for mﬁltiple choice questions in section 2,5.1 and for
numerical - data qdestionS' in section'2.5.2. There are a totai of 15

? : . .
JINF files, each storing information on Windows, Doors, Appliances

etc. an example',.INF file, SUBFLOOR.INF is listed in Appendix A.
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’ A

5 D

L4

6 | #11\305=NC>#06\

7 ‘ Blank.

‘B 17

9 \NNone\DDual Heating and Cooling\
\HHeating only\CCodling only\
. % ;

10 \\

]

R

v Question Records for multiple choice guestions, o .
Record wm g Content, . . Description,
1 - - 805 Textual Multiple choice question which is not ghosted
2 © what type of thermostat - Text of question B
3 ~ \THERMOSTAT . Help file for guestion

nomm letters for answers
Default value
Next Question number
MMwomwnm not implepented, No mnnwo:.nma:wnmm.
| Data position For result

List of answers.plus code letters

-

-

No associated values required
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Table 2,2

Question Records for Numerical Data gquestions.

_ \

Record # _ _. Content. | , - Mannmwnwos.‘ |
1 - #19 | oqmmnwo: scammnn
2 ‘ Specific Thermal Masss Text of mmmmnwom
3 | KJ/K-sqm\20.428/\20, 428*% . Unit Conversion
4 _ Jexymm ) . Help file for QCWmnwo:
5 | = .0 ‘ *Minimum value
6 200 . ‘.“ . .3mwMaca Value
7 77.6\$17=H>116,4\$17=L>38, 8\ _ Conditional default values,
8 ' wmm | o Next Question number #
9 Blank | : ‘ No calculation required
10° | Hw . . o Data position for result

: . - |

. , | e : ;

—_—
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SUBFLOOR.INF, is listed in Appendix A, The .EXP files contain help
information on each component. These files are - divided into
subsections‘ such that the help information displayed on the screen is

_specific to the particular information that the user requests.

2.4.1 The ,INF file:

Before examining. the .INF file recorés in detail in section 2.3, it
is apprdpriate to.lclarify ﬁwo basic ideas which are fundamental to
‘the operation of theée question specifications, The first is that
certain fields can be  made to depend upon the answers to previous

3

questions. These are called conditional fields.

2.4.1,1 CONDITIONAL FIELDS:

The deneral syntax for a Eielé of 'this type is:
resulto\conditionl>resu;tl\conaition2>result2\....\
This. field is inéefpreted ~as 'Use result, unless the conditioni

0
. is true, in which case use resulﬁi.

Conditior}i is of the form:

nn

aa
where, ‘
: ‘ a
'"T'  is the type of question, $ for text guestion

$# for numeric



thié condition depends upon
'nn' is the two entry question number [eq., 05]
"ot is the logical operator;[eg. (,< or > for
numerlcal questlons and and "{equal and
‘ not equal) for multlple chioice questions.,

\
'aa' is the answer to be compared.

I
T

These field are evaluated from left to rlght and the first condition
that is found to be true is used. If none are true the result
4
used. These flelds can be understood WIth reference to the following
example question drawn from the GENEﬁAL.INF file:
#13\505 HN>#07\

The condltlonal fleld is enclosed in backsla;heg \). This statement

would be interpreted as: Next question is #13 but if the answer to -

| text question number 5 was Ieither _of 'H' or 'N', then the next
question number QAEIB be #07. - In this file text question {$05) is
'What type of thermostat'. The possible answers are None,bual.aeating
and ‘Coolieg, Heating only, Cooling Only. The-code‘letters Eorpthese
answers are N,D,H,C redpectively. More explicitly, if the answer to

question nember 5 was either a 'Heating only' thermostat or there was

no thermostat, the next questlon that would appear on the screen

would be questlon #07

2.4.1.2 Calculator Usage: ' o ' o

The caiculator is used Iprimarily' in' the default field of numeric



.

w
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guestitdns.  This structure allows numeric values to be calculated

using the answers to previous questions (ref. 23). The general syntax
for this type of entry is:
{ any valid RPN string including V,T,I and F variables}

RPN refers to reverse Polish notation, The following are valid RPN

operators, ‘' -
! enter - * multiply _ / divide + plus
- minus ’ ' absolute valie. | invert ~is y¥
@ cﬁange sigﬁ > is oy . < is.x<y = is X=y
} is x =y ) is %= y? (is x<=y L ln(x)
X exp{x) ~ exchange x and v,

ll
[4

all Ehe above operators work exaétly like tbose in a Hewlett Packard -,

calculator ( complete with 4 ‘ihternqi régisters) except for’the
logical operaﬁions.n Rather than brénching as in an HP ca}culaéor

"true" result of a logical _test places "-1" into the x regist.r,
while a false result places a "0" there, while all upper r;;isters

are 'rolled ' down one step.

*,

Consider the default calculator string drawn from the ECONOMIC. INF

file: {V08112/6.37*22/}. This means the default value is equal tp the
L
value given in response to numeric questlon 8 -divided by the number

12, multiplied by 6.37 and dlvz.ded by the number 22/ again.

2,5 EXPLANATION OF RECCRDS:

g&iii/ are two types of input questions used in the RBEAP input

D
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program, ‘Eg;tiple choice and numerical data questions. Each guestien
has ten records which contain supporting information pertinent to the

question being asked. .

2.5.1 Multiple choice gquestidns: : .

These are listed in Table 2,1 (Page 32)

Question Record 1: Question Number

The question number is used to identify the question and to determineT
whether it is a numerical or multiple choice questions.'A multiple
choice guestion is identified by a $ preceding the question number. A

numeric question will have a # preceding the question number. In

. . -

addition a ‘question may be ghosted or not asked explicitly on the
screen, if a G is placed after the gquestion number:-for examplé $S01G,

,Question Record 2: Text of Question

The text of eact queé%ion, is located in the second record. 1E the
questiocn ﬁggnot a ghost question, this text 'will appear on the screen

when the computer is considering the particular question.”

Question Record 3: Help File for guestion
.The help file for the question is identified by the componenﬁ name

followed by a backslashA {\). Help for a particular section is: made

available by including the help section followed by a backslash (\).

The example. help section shown in Table 2.1 is \TﬁERMOSTAT.

: . s
Question Record 4: Code Letters for Answers

~

. The code letters. listed in this record are abbreviations for the

poséible answers to the questions which are displayed on the right

hand corner of the video terminal, The code letters in the example

B o A _/
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multiple ‘choice questions are NHCD(None,Heating only,Cooling
only,Dual Heating and Cooling}. These can be made conditional.

Question Record 5: Default Value

The .default represents a aood estimate For an answer to the question.
The default value is5 the value qiven when either the question is
ghosted” ofr when the user responds with a Ctrl-D keypress to choose
the éefault. The default values can be made conditional, The'déféult

value in this _ example is bual Heating and Cooling identified by the

code letter D,

Question Record 6: Next Questioﬂ Number -

?he next guestion number is the.number of the question that follows
éhe current queStion. This can be made conditional if nécessary. In
this example, the next question is #11 but if the answer to this
question were either of 'N' or 'C' i.e. nq.thermostat or 'Cooling
Only' thermostat, then the next guestion should be #06. The gquestion
numbers need not be in a particular order except.tﬁat the first

conaitional that is found to be satisfied will be followed.

Question Record 7: Future Expansion

CIRA 1cluded. a retfé;it option and used this record for specifying
"unactions”, The 'unaction required is the set of operations to be
performed .when mutually exclusive retrofits are installed. RBEAP does
not have a retrofit optibn and this is a blank record.

Question Record B:-Data Position for Result

The number that appears in this record pertains to the position

occupied. by the result in the HOUSE.DAT file which is produced by the

program,
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Question Record 9: List of Possible Answers

The list of possible answers contains the complete set of code
letters and answers for the guestion, In this example thesé are
*\NNone\HHeating only\Ccéoling only\Dbual Heating and Cooling\. The
first letters after the backslash {\}, i.e N,H,C,D in this case form
a superéet of the code lettérs for answers, If a letter does not
appear in the Code Letters for Answers list, the corresponding text
will not appear in the 'fossible Answers' display. In each case the
text enclosed by backslashes, except for the first character after a

backslash, occupies one line on the display of Possible Answers,

Question Record 10: Associated Values

The zssociated value is the number.associated with the answer to a
miltiple choice guestion, These values é:e generélly ﬁsed in
subsequent ‘numeric questions to calculate deféult, minimum and
maximum values. There are .ho associated values for this example
question. Consider, 'howgver the list.of possible answers drawn from
‘the GENERAL.INF file,, namely \DDetroit\TTbronto\OOttawa\WWinnipeg\.
The code letters in this case are D,T,0 and W. The associated valges
which can be found in Question Record 10 are the altitudes of these
cities above sea level. This information is used later on for
calculating barometric pressufe._ This associated value informatién
also .makes reduétant a guestion requiriﬁg the user to input the

altitude for the particular city.

2.5,2 Numerical Data Questions

These are described in Table 2.2 (page 33) !
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The question number and Text have been previously described in
i 2 .

section 2.5.2, ' .

Question Record 3: Unit Conversion

This_ performs  the caleculation to Eransform the user-supplied

numerical result to the value to be stored in house.dat, In the

»

current version of RBEAP the user-supplied SI value is convert&d to

British units before being stored in House.Dat.-This record also

E

contains the units for the particular value that the program requests

- from the wuser., 1In this example, the units are KJ-sqm/KW, This

operation can be avoided if the calculator conversion: string is left

blank.

Question Record -4: Help File for Question

The help .file for tHe qhestion’is identifiedﬁby the component name
followed by a blackslaéh {\). Helo éor a particular section is made
Help for a particglar sgction is made available bf including the help
section followed by a backslash (\). The example help seétion here is
\TMASS g?ich contains help information on the definition of specific

L]

thermal mass of a building. 3

,Question Record 5: Mipnimum Value

This)lis the mihimum accgptable answer which must be given in reponse
to /the particular question, This is displayed on the screen in the
'Possible answers' window. The minimum value in the example question
is 0. This can be méde conditional. This minimum value can aiso be

obtained through calculator usage based on answers to previous'

questions.
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Question Record 6: Maximum Value

This is the maximum écceptable answer, This is displayed in the
'Possible answers' window. The maximum value for this example is 200

This can be obtaineé)conditionally or through calculator uéage.

Question Record 7: Default Value : <
The default value is a good estimate for an answer to a question. It
is made conditional when certain information has been already

elicited from the user. For eg. the default value for floor area is

_an- unconditional default and will consist of an.appropriate number

éuch:ﬁas 1000 sqgft, The user is required to carefully input responses
to such questions, However the default value for specific thermal
mass of the house can be .calculated from answers to previous

questions, 'In the example question, the default value is 77.6 but if

- the answer to quéstion 17($17) was H('Heavy'),-the default is 116.4,

if the answer to question 17($17) is L('Light'), the answer is 38.8.

The remaining records contain information on Next Question number,

Unaction required, Data position for result which have been

A

previously described in section 2.5.1.

.

2,5.3 Rey to Symbols used in <Componeﬁt>uINF Files

#n is the numerical data gquestion n,
l«@m#nG numericél data questionln is "ghosted",

$n is the multiple choice text questién n.,

$nG multiple choice question n is "ghosted”,

4
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Vn is the value given in response to question n
1

Tn is the total associated value for the respcnse

to the multiple choice question $n.

In . is the integral part of $n
Fn is one thousand times the fractional part of $n.
Dn is the data stored in the house.dat file in

record number n.

2.6 MODIFICATIONS: *The ,INF files can be modified to create new
question sets, replace existing information, modify defaulﬁ
”éttributes etc, This can be achieved fairly readily with some'basic
-knéwledge of the VaX EDT full-screen editor and a good understanding
of the data structure of the ,INF files as described above, ‘One such
modification already made is that corresponding to the SUBFLOOR,INF
file ({(Appendix A). The new question seé requests user-input with
regard to the Baéement description, vis-a—vis, the model due to
‘-G.P.Miﬁalas (ref;' 24). This form of conditionals &an be incorporétgd

into any general program where interactive input’ is desired.

2.7 THE .EXP PILE

The méin help séct;on for each component is enclosed within > <
symbols, An ,éxample is >WINDOWS<. Further help sections within this
main section are also contained within > < éymbols. An example is
>ORIENT<, These help sections are accessed through the PRINT EXPLAINS
subroutine. An example .EXP file, GENERAL.EXP, can be found in

Appendix B,
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2.8 Subroutine Description:

- The subroutines,h called by Input are given/in the flow diagram in
figure 2.21.- A( description of the subrédtines and their function(s)
follows. As shown in the Call Sequence, fteqqent_gse is made of the
Screen Manégement procedures, , These procedures are described.firsé

before proceeding to the main description,

. 2.8.1 Screen-Management Procedures:

A

The VAX/VMS system-services prdvide for the develoément of a set of
 subroutines which can be used for sophisticated screen management,
These are deségibed in this section; The call sequences for these
subroutines are described  in detail in Appendix C.
The Screen-Manqgement facility provides two important services:

¥

Terminal Independence

. I
The screen-management procedures provide terminal independence

by = allowing the programmer to perform commonly needed -screen
fuhctions without concern for the type of terminal being used, 2all
operations including input and output, are performéd by calliné a
procedure, the caller's terminal-independent request(for example to
scroll to a part of a screen), into the sequehée\gf ¢odes needed toO
perform that action. If the terminal being used does rnot support the
requested operation in the hardware, the séreen—management procedﬁres

accomplish the action by emulating it in software!



Figure 2,21

1

Subroutine Call Sequence for Input

l START
—T—
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Read_house _dat :
%,
Read HOUSE,DAT file o
and create new file
for updating
'Readiuasher : - .
Select level of
instructions
> I if
lf- 'Enter’
A
What_Next
Enter
Select component to . if Three options
create or edit existing component continue 'Enter’,
T 'Calculate’ or
v > 'QUit‘
Update_Comp
S if
Update component data in 'Calculate’
HOUSE.DAT file
Close

HOUSE,DAT file
and prepare for
data compression
and enerqy
calculation,

rd
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Composition Aids

0 _ :

These procedures assist in composing complex imaéés on a screen,
These aré useful ink\EEtuations when it mayfbe reguired to solicit
user~input from one part of the screen, display results in a second _
paft 5?? a screen and maintain a status display in a third part of a

screen, A ‘comprehensive description of these procedures can be found

in reference 22,

2.8.2 Description-gg Subroutines:

A description of the important subroutines used in the Inpqt section

of the program follows. Subroutine and variable names are indicated
\ )

in bold foQ;. |

READ __HOUSE _DAT: This Subroutine reads the House.Dat file if it
exists in order thatf/;xisting components can be made available in
subsequent displays, If no components exiétl the 'Existiné
Components' window will be blank. The input argument to this routine

is the integer ncomp which indicates the number of components in

the HOUSE.DAT file,
WRITE_HOUSE__DAT: The purpose of . this subroutine +is to create a
working file while the input operation is in;progress. The input

argument,ié-the integer variable ncomp.

READ _ MASTER: This subroutine first calls the read questions
routine, The input argument ‘to. READ_QUESTIONS is the file
MASTER.INF. The information from the MASTER.INF file is displayed on

the screen using screen-management procedures, This routine now calls

. : N
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the SELECT_ ANSWER subroutine in order to determine the users

" keyboard response. The 'Long', 'Short' or 'No' instructions option

can be selected now, The PRINT EXPLAINS subroutine is also enabled.

This makes the 'Help' key on the VT-240 terminal active and has

arguments described as follows.-
Input Arguments:

ch . character .

iend integer

!
code letter which

appears in the
answer list,
counter of last line .

on the display

The :remaininé arquments .are passed thru the common block 'quest',

This common block resides Jin the -'COM HOUSE.FCR' file. It can be

activated—in-a FORTRAN program by using the 'Include’ stétement.

READ_QUESTIONS :

‘This routine reads the .Inf files, The input argument to this routine

is the non-extended name of the file(eq, '"WINDOWS', 'DOORS' etc).The

output arguments are returned thru the common block 'QUE§T*\ﬂ$hese

are:

iquest integer
quest_type(30) character
quest_text(30) character
unit_str(30) character

question number index }
questioq\fype either § for
string or # for numeric.

text of the guestion

h

Units for the numeric

3
question



Conv_up_str(30) character

Conv_down_string{30) character

Help_file(30)

character

Help.section(30) character

.ghost(30) ) charaétgr

min_value_str(30) character

max. value_str(30) character
: B

default _value_str(30) character

s \

min_value(30) real

max _value(30) real

47 ~
Calculator string fof
conversion of theAanswer to a
numeric question from user
supplied units(SI) to program
required units(British)
Calculator string for
conversion from British units
to SI before displayinag on the
screen |
Extended name of the help
file,
Name of the section to be
searched
Indication of whether -the
question is to be to be
gﬁosted or not, i.e. whether
it will will be explicitly
asked on the screen or not,
Calculator or conditional
strings
associated with the
minimum valudepemaximum value
or default value for textual

answer .

_—

The minimum, maximum and
default value/for a

B



default _value . real'

% [
next_question_type character
next_question_cond ' character
nexE:qUeétion ' - integer

L N
result position(30) integer
_code_létEErs(30) character

- code_letters.cond(30) character

default_lettefs(30) character

défault_letters character
—cond{30)
~list_possib1e_éﬂsaers char;;;;E

L]

‘Associated_value character

© storing the-answer i

48
numeric answer,
$“E2F string or # for numeric,
co@ﬁf%ional strfng.
™
The next question number, o
Row or record number for

W .

the HOUSE.DAT file. |

ébde letters for poSsible

answers

éonditionals associated with
the code letters,

default letters‘for gtfing
questions

Cohditionals-aSSociated with

with default letters

possible answer list for

string.questions

contains an associated. value

string.

e

These variables are easily understood with refefence to any ,INF

file. The above variaﬁfg list 1is the common block 'QUEST', which

resides in the COM QUEST.FCR file.

WHAT _ NEXT: This routine uses Screen-Management-Procedures to create

the 'Existing Components' window on the left hand side of the video

¥

Pl

i

Eﬁf
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screen. SELECT_ ANSWER is also enabled . The user now makes the

&

is used by WHAT NEXT to decide ‘the future status of the display., For

&g, 1if  the user scrolls down to abpliances and presses <RETURN>, the

" next Ldisplay is 'Current Answers for Appliances' Jif APPLIANCES

| already exists . If APPLIANCES does not exist contfol is passed to

UPDATE. COMP,

_®he input argument is: ' ) _ .

last_comp - character " Last component
. that was enteréd o=

The output arguments are:

ﬁst_coup character Existing component
T ; e list B o
COMp . Name character component name {

. t . ) .

UPDATE _(OOMP: This subroutine will create a component -if "it does not
.o . . oA .

exist, It also controls the editing on the display after guestions

have been answered. It pericdically updates the working house.dat

file each time the user completes a component and saves it, -

A

SELECT_ANSWER is called for the program to decide the users choice

from the 'Possible. Answers' window. Subroutine GET VALUE is called to

+ .
get the maximum, minimum or default value to a numeric quéstion. Use

is made of the stack calculator in decoding the defa.’xﬁ_t?jvalue string

as stored in the .INF file,

‘choice to enter components, quit or continue, The'keyboard response -

!

f,
4
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The input arguments are:
comp_let o character " Code letter y
" for compdﬁent
Exist_comp - - character - .  Existing
| componént list

Comp_name ‘ character Component name

The remaining arguments’ are passed thru two common blocks 'TQUEST? and,

HOUSE* DAT'., The 'QUEST' common block has already been described. The

'"HOUSE DAT' common block passes.theJlnput data of the house through

the wvariables . house __ str(30,25) and hoﬁée__val(30,25).” House

_str(30,25) is a variable of character type and stores non-numeric
housé data to maximum of 30 components and 25 answers for each
\ )
coﬁ%onent, House _val(30,25) stores numeric answers to a maximum of
30‘éompon9nts and 25 answers for each component
Output: Screen-Management through the use of SELECT_ANSWER.

-

ENTER: This/routine writes a one line string to the display

indicating briefly the choice the user has made. It will also return .

the - user to the menu where component entry is possible if the user so

‘chooses when the 'Enter, Calculate or Quit' question. is asked.The

argquments are passed through the common block "QUEST'. The input
|

arqument™, are:

ch ) . - character - " choice made by user.

iend, e ‘-‘in;eéég 3 9081t10n of last

=

llne on dlsplay -

e
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All the above’ subroutines are not clubbed together in one file but

are present as separa@gg flkes in order to make the program more
modular, Debugging or chang;ng the input would be easier since it

would be necessary to recompile selected modules” only ané not the

wholg program, . !

' SELBCT__ANSWER: This routine shows a selection from a supplied set
of . text strings. These are shown in an automatically sized window in
the left hand corner of the screen, ]

'Calling Sequence: Call Select_Answer (DispID, Bufans, DefSﬁlt,

Hemory, Answer, Pos Ans list, Filename, Section) -

. ‘ o~
Lnput Arguments:
| DispID integer Id, of virtual displag.
Bufans Character = List of possible text
strings‘fo be displayed.
o
Default - character codd for defailt answér
' .in\the list
Pos_Ans list éharacter List of code letters

from those appearing in

‘; e ¢ ' ' bufans

Filename character Name of the 'HELP?>Eile
to be accessesd.
Section characte; - Name of the section

within the help file,

b
-+
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- Qutput Arguments:

>

Memory character , Code letters for item
which hés been seleqﬁed
from list, S
Answer character Text of item_which has
been selected from list,
PRINT_EXPLAINS:
The Qﬂncﬁfa of this subroutine is to access a speéified heip file,
overlay the '‘whole screen with informatiqn and wait for the usef to
read the screen,
Calling Sequence:

-

Call print_explains (filename)section,subggction)
- : v
~ Input Arguments:
Filename Character - Name of tﬁe Help file,
| The filename must have
3 _ ; , an extension ,EXP |

section character Name of the section

4 * within the help file.

Subsection character Name of subsection
within a section

]

2.9 MODIFICATIONS: Modifying these subroutines can be done uging

the VAX EDT editor, It might be noted that the Subroutines described

are the main subroutines and they have to linked witﬁ‘other files

[}

v before an‘exgcutable”image file is produced, Normally the link -



that produces the run file INPUT.EXE is:
$ Link Input, Subr/lib,

~ Subr is an Objectlcode'library which contains the following Eiles.

e

CREATE_DISPLAY | DELETE_DISPLAY , DELETE._HOUSE _DAT
ENTER | ) ERASE_DISPLAY . FNOP 2
| GET_KEY | GET_POSSIBLE_ANSWER LET  GRT_VALUE |
HOLD_DISPLAY HOU_VAL_STR | NEXTQUEST
PASTE_DISPLAY mp{ism PRINT_EXPLAINS p
PRINT_STACK PUSH_STACK READ_DISPLAY
READ_HOUSE _DAT READ_MASTER READ_QUESTIONS
SELECT.ANSWER ‘ﬂwsmau:a‘rmmmm UPDATE_DISPLAY
UPDATE_COMP UPDATE_STRING WHAT_NEXT '

¥ WRITE_HOUSE DAT - WRITE_TO_DISPLAY

&~
As can bé seen most of the subroutines previcusly described reside in
this library as object code. If the user desires to make a change in
any of the Subroutines, then the run file INPUT.EXE can be produced
in either of two ways: | |
a) B§ typing in Link Input, File Name (modified},Subr/1ib.
b) By compiling the modified file and inserting the modified object -

code into Subr/lib, This can be accomplished with the following

~ two commands. ' “;;ZL”\ v
(i) Fortgan File name (modified)
/ " (if) Lib/replace Subr/lib File name (without extension).

i ~
v '

S
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2.10 BOUSE.DAT FILE:

This file contains the final input data . When required in a FORTRAN
module the HOUSE DAT values are‘passed'through'thé 'Hd ' DAT' commom
block. ' Each component and its corresponding entries is stored in this

ifile, The entries are in British-units, 25 records are available to

store the entries from eaoh component, A2 maximum of 30

\

oomponents/subcomponénte can be stored, An example HOUSE.DAT listing
can be found in Appendix D. A description of user-input values for
the 'GENERAL' component as they appear in the HOUSE.DAT file follows,
The records are shown,in Table 2.3

Becord # 1 contains the entry 'status' or. the component. . This
integer _value indicates when the particular component was entered in
sequence, For eg, if 'GENERAL' was eorered first, 1l is stored in this
record, However if 'GENERAL' is entered sixth 6 is stored in this
record This entry establishes the value of the variable 'Kind' as

o

used in House Val(k1nd_,25)- and ¢ House sj:r’(klnd 25). Record # ,2ﬁ ‘
contains the component name®. FQGENERAL' '"WINDOWS® ,etc). Record # 3
contains the name given | by the wuser to the particular

component.('Northl','sooch'; for walls 'eto.‘ Records 3 thru 25

: . . L.k :
contain the user-input values. These data positions are controlled by

the corresponding JINF file, GENERAL.INF, For example, the data
position for useruresponse to the question 'Indoor Temperature Swing'

is 22, Therefore this value must occupy Record #22 in the GENERAL:
component in the HOUSE,DAT file. The above information may be useful
to the intrepid user interested in making changes in the core of the

program, It is aleo\ ueeful if changes are required#go be made in
. 13 - Iy ) N '-\-S: o

N . ™ - ‘ ‘



"Records forA'GENEﬁAL component

taken from the HOUSE,DAT file

Table 2.3b

Co*

Record Lontent
-1 4
2 General
3 Case 2
4 D
5 45.3
6 0.0
7 412,899
8 - 69,9998
9 69,9998
10 80.0006
11 80,0006
12 "Q
13 1175.99
14 L
i5 0.22
16 1.79
- 17 D
18 ¢ 7@
19 @
20 "@
- 21 W
22 0.0
23 127
24 0.36
25 @
)

~xFh

55
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input data without running the program itself.
~@ indicates a null entry. This would happen if, depending on a
previcus answer, a particular question(s) were not asked, For example
if the user Specifiés the subfloor to be slab-on-grade type , the
total number of guestions in the questibn set is on1§ 6 compared to

22 if the subfloor were of basement or,créwlspace construction,

2.11 CIOSURE: > )
— ;

This Chapter has discussed the function(s) of the subroutines in the
iﬁput section of the program. It has also given sufficient
information for both, the casual user to Eun.it, as well as to enable
more intrepid users to make changes to custom design the Input

séction for specific applications,
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CHAPTER 3

DATA COMPRESSION PROGRAM

3.1 INTRODUCTION

This c¢hapter discusses the function of the subroutines which are used
in the data compressinn prograin, The Data Compression program
. (FORTRAN file name: COMP.FOR) standardizes the HOUSE.DAT and weather
file. values. This is necessary because all the values in the weather
file do not implicitly relate to the house geometry, orientation etc,
The HQUSE.DAT valués are accumulated ( for example leakage areas and
Solar apertures rare gaded ué) and the variables are set up for the
final energy calculation, This chapter also discusses the changes
made in the engineéring methods as compared to the original CIRA
program, Specifically the Rasement model has been replaéed with the
one dévéloped byr G.P.Mitalas ({refs. 14 and 24). Aalsc the
heating/cooling sééson -}ndicat%f calculation has bee; made more
realistic by - including utilization factors. = The -changes in
engineering methods and the corresponding subroutines are discussed
in detaihﬁi The enginecring methods for the other subroutines can be

found in the CIRA reference manual (ref.23) ™ - ]

-
Al

3.2 WEATHER FILE: This is the basic data file necdessary for energy—

 calculation. These EiIQ§ . have the extension .CTY (example:

DETROIT.CTY). These Ffiles are compiled from Test Reference Year(TRY)
data or other sources. Each line in the weather file contains 12
values which are the monthly averages for the particular weather

data, These averages are computed from hourly values of weather data,

a
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The weather file used in RBEAP is identical to the ones used in the
CIRA program, An example weather file for Boston is shown in Table
3.1, The following is a brief description of the weather file.
Line A This line contains the monthly average specific infiltration

(m3/hr-cm2) due to the stack effect under reference conditions.

Line B

This line contains the monthly "average specific infiltration

(m3/hr-cm2) .

Lines C through F

These 1lines contain values of the . variable base degree day
~coefficients, Line C lists the values for daytime heating (8 a.m, - 8
p.m); Line D the night-time heating values; Line E -the day-time

cooling values; Line F the night-time cooling values,

Line G
The 12 values in this line are the monthly day-time ( 8 a.m, - 8
%

A\

p.m.) outside temperatures. (deq. B)

This Iis—<the average monthly night-time (8 p.m, to 8 a.m;) outside

Line H

-

temperatures, {dey. F)

Line I

" This line contains the monthly average wet-bulb temperatures(deg. F)
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-
™~

Sample Weather File: BOSTONTR.CTY

~

o

T

U

v

.192

.190
.178 .159

.90748E-02
. 79950E~04
.66494E-05
.14893E-05
34,3 35.6
30.3 30.4

466.3

496,8

705.1 |

958.,7
1059.5
1063.9
1033.4
1046.1

792.1

639,1

411,7

375.9

.156

.212
2.0493
3.35502
3,94852
4,26211

47.4 .55

38,1 42.8 55.2

-413,2
-346,5
~374.9
~-366.4
~239,3
-159.9
-169.0
-331,6
-410.5"
4470.1
-319.5

-317.5

132
.186

19.5

24,5

30.0

31.5

.5 168.8

92,5

54,5

80.3

.086

.201

.075

.184

3.0

1.2,

-10.9

,065 .064 .071 .134 .160 .195

.166 .168 152 ,166 .172 .172

80.9 79.4 72.6 54.5 45.0 32.4

66.2 66.0 59.8 42.9 40.0 29.7
2.3
11.6

8.2

10.7 .
4,1

12,6

522, 631, 1036. 1612. 1806, 1906. 1684. 1810. 1258. 881. 490. 427.

232, 329, 514. 700, 924, 980, 117. 824, 523. 329. 271. 217.

" CIRA 1.0 LOC=TRY BOSTON,MA, LAT=42,4, TWHT=22, YEAR=1969, ALT=15
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lines J-U
Thése liﬁes contain the solar flux coefficients. The rows“correspond
to the 12 months of the vyear, beginihg with January, while the

columns correspond to the coefficients.

Line V

-

Line V is the average monthly horizontal total solar £lux

(Btu/ftz—day).

Line W
-8 ’

Line W is the average monthly diffuse solar Elux.(Btu/ftz-éay)

Line X contains the npame of the city and state abbreviation, the

Line X

latitude, tower - height of the wind recording instrument and the

altitude of the weather measurement site.

3.3 DATA COMPRESSION- SUBROUTINES:

The Subroutine call sequence for COMP,.FOR(the main program for data

compression) is ‘given in fig. 3.1. The éngineering methods for these

subroutines can be found in reference 23. A complete listing of the
yariables used in COMP.FCR can be found in Appendix E., A desciption

of the subroutines follows,

READ_HOUSE..DAT: The function of the Read House Dat subroutine has

been described earlier in Chapter 2. It reads the HOUSE,DAT data file

2
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- . Figure 3,1

Subroutine Call Sequence for

Data Compression Program

- Read iou_se_dat
Single_Entry

Ext4§£neral -

1

_Calc_&éather

Read_City— sRead_Cities

Ext_Hvac

Ext_lLandscape
Ext_Appliance Mulwin——————sovms
Ext_Econ |
Ext_Infil’

Ext_ﬁglflux

Ext_Mult rfEmod

There is a conditional

call to these routines | psovm

depending on the house

description,

el

F 8

Cne of these
routines is called

based on measured

leakage areas.

Ext: Skyloss ' =
Ext.indic

Ext_Qutstd
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IEXT;GEN-IHE:RAL H 4 \

for existing information on the house,

SINGLE_ENIRY:

The f;;ction of this subroutine is ‘to store an array identifier,
which identifies the entry point (i.e. to establish the value of the
variable 'Kind') of the component, for later use in the progtam. It
also identifies the heating and cooling systéem type from HOUSE,DAT
input. Aas mentioned earlier in Chapter 2 user-input HOUSE,DAT values
are activated in the FORTRAN progf%ms by passing the variables
House_*_val(kind;ZS) and House__str(kind,25) through the common'

block 'HOQ?E.DAT'.

, . . ~
This Subroutine accepts the HOUSE.DAT values as input and assigns

appropriate values for the floor slab thlckness, Indoor temperature

swing, Heating/Cooling 1ndoor temperatures etc,

CALC, WEATHER :

. . ¢ . '
This Subroutine accepts HOUSE.DAT values as input and returns monthly
sub-elevations, barometric pressure as a function of altltude, rhocp

std(product of specific heat angd den51ty of air), as a functlon of

"barometric pressure,

EXT_HVAC:

¥

‘This subroutine accepts HOUSE.DAT as input and returns the

distribution type, distribution loss{cooling & heating), rcted
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capaéity'énd'rated efficiency of the HVAC system,
EXT_ECON: : . . ' '
This routine accepts HOUSE.DAT values as input and calculates the
present worth factor(PWF) for use in calculating the enerqgy/fuel
costs. ) P i
. EXT_INFIL: | S "
A ¢

This routine -accepts house.dat - values and performs the following

operations: -

o

a) Using input values it gives the terrain and shielding Zlass'

numbers which are to be used in future calculations.

b} Calculates the average winter wind specific-infiltraéion from the

weather file,
) I

-

. ¥ ‘ v ’ ‘-
c) Calculates the outside film coefficient for convective heat v
transfer. ' : o o ¢
d) determines the winter and summer exhaust and fan supply values - y
from user input as well as determining any unbalanced

Q} s infiltration.- ) v o

EXT_. 0 . This routiﬁe reads Ehe w?epéir file for the solaf:giux
éoefficie ts(lines 'J-U) and £hen reconstructs the fluxes deﬁénding on\\
Ehe user-speéified azimuth, The éélc‘ correction factor“is used for

the south facing walls.
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EXT_ MULT: This routine accumulates the house data by combﬂgiﬁﬁ‘thef
four walls into one, adding up ehe leakage areas of ceiling, floor
and roof, adding up the A (product £ Ar as and Overall heat
transfer coefflcfaht) and addlng up the contributions of each
component  to the solar aperture which is used for calculating solar
gain. The fellowing routines are used for thia purpcse:

» < M

a)MUIﬁEN:' This routine will accumulate the conkribution of windows

to the UA value, leakage area and solar aperture, It also calls

Subroutine OVMS, which computes the overhang modifier far South
& ' ‘ '
facing- windows. The overhang modifier describes {%he‘ effects of

4

overhangs such as awnings and roof overhangs. ' A value of one

indicates no obstruction. A value of 0.5 indicates that half as much
i . ’ ' ) ’
Soéar flux reaches the house surface as in a totally unobstructed
situation.

b)MULDOOR: This routine will accumulate the contrlbutlon of doors
. t? the UA value and leakage area,

lc)MUIﬁRﬂh This routine will accumulate the contrlbutlon of doors to
the UA value, leakage area and Solar Aperture, |

d)MULROOF: This routine accumuiates the contribution of the roof to
‘the Ua value,rIEakage area and Solar apertuee.

€)MULSUB: This routine’ uses the method due to Mitalas (ref; 24) to

calculate the': heat loss from the basement. Leakage areas are

accumulated to the Total leakage area ‘but the UA values are not

"accumulated. This is because, RBEAP, unlike CIRA®is not ughng air
R LR "." ,

temperatures to calculate the Basement heat loss. The Muneey and

"/<'. ;

~

-

&
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’ Spencer - equaéigﬁ,—uggg/(for the éffective thermal resistgnce for
Slab-on-grade floors has also been modified to account for ?ioor slal:?.
thickness., It 1is d#iscussed ig detail later in ;his Chapter. (see
sections 3.3 and 3.4) ‘ ‘ _
ffMBLSOL:l This routine 1is uség for calculating” the effects of a
;MPassivé Solar system. The passive solar system (restricted in RBEAP to
. a . : .
Trombe walls, water walls ~and greenhouses)-%?s' treated using the
correlation method developed by Balcomb et al (ref. 25). This routine
calls GRFMOD (to calculate the effects of ground reflectivity on
: reflected solar flux incident on Solar walls) and PSOVM (to
‘ ’? calculate the overhang modifier for the Passive solar system). The
contribution of the Passive solar systém to the leakage is also
accumuléted. | ‘ \:1
, G9)MULGRN: This routine accumﬁlgtes the leakage area éontribution
from the greenhouse., It also computes{but does not accumulate) the UA
l,values, modified Solar fluxes due to gréenhouse walls and roof and
+ effective greenhouse area. These variables will be used in Eﬁergy
calculation if a greennouse was input by the user,

h}MOLSCD: This routine computes and ,modifies data pertaining to

Active solar systems such as solaf/;collectors. The 2Actlive Solar

%

systems . for space and water heating are treated using the method from

reference 26. These variables will be passed on to the Energy

_,d,,«f:) " Calculation program and used 1if an Active Solar system was input by
, - | , P
the usef, ~ 7
' { . i’.A_’IUr LA__TOICEI, LA_TOCEIFLR: There is a conditional call to these

routines depending on hég the leakage are 1is measured, LA_TOT is
J .

called if total leakage area was meafured, LA_TOICEY is called if
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the Total leakage area as well as the ceiling leakage area was
measured and LA__TOCEIFLR is called if Total, .ceiling and floor

} ‘
leakage area were méasured. ‘ fe

b's

EXTCZSKYUDSS: This routine calculates the'raa%gtion-loss to the sky.
The ~~input to this routine is Bar:omet‘ricl presssure, wet bulb
. temperatures and monthly average daytime and nighttime temperatures
from - weather file and accumulated wall and ceiling UA values. This
routine calls samvné which is used‘;o compute the vapor pressure of
water in the atmoéphere; The clear sky emissivity is calculated from
vapor pressure of: water - using the relation developed by

Brunt(ref.27a} as validated and differentiated into day and night by

Berdahl and Fromberg(ref. 27b). 4 &
_a | |
EXT__INDIC: Thiseroutine calculates indicators based on indoor and

outdoor temperatures, solar énd internal gains to determine -in
advance which month Qéuld be a heating month and which would be a
cooling ﬁbnth.- The method previoﬁslf used in the CIRA program was to
u passa‘thej unmodified Solar and Internal gains into this routine,
However in RBEAP the_Solér and Internal gaihs are modified by usihg
utilizaticn, fiactors, - This modificatisa ‘becomes  important in.
situations when modelling tight, well ihsulatéd_ houses with high
Solar and.internal gains. Under suqﬁ:gonditions RBEAﬁ and CIRA do not

make similar indications as 'Eo the ¢hoice of which month would be

neating and which would be cocling, o

L

¢
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3.3 CIRA BASEMENT MODEL:

The basement model used in CIRA is not very comprehensive, The
Overall U-value of the basement is cafculated using the method
recommended by ASHRAE (ref, 28). In this method an*equivalent thermal
resistapce due to the soil, floor slab and basement walls is computed
and then accumulated into the total UA value of the house, Therefore
the contribﬁtion of ‘the basement to the total heat loss is obtained
by ﬁUItiplying the Ua _with'yariable Base Degree Days which in turn
are derived from air temperatures and free heat; The efror in this
.method is that it predicts that peak basement heat loss occurs in the
month of minimum outdoor temperatute, Previous work (refs, 14 and 24)
has indicated that due to the thermal mass of the soil, the peak
basement loss uspally occurs in the month following the month of
minimum outdoor air temperature, Other assumptions used in the CIRA
medel include: ) | - .
a) A value of 0.9m for the depthlof the foundation bglow.ground when
the subfloor is of slab-on-grade construction,
b) A value of 0.127m for the floor slab thickness .
c) A value of 1.33 W/m2C for the U-value of the subfloor wall that
is below grade, )
!d).A value of 2.1m for the basement depth from floor slab to basement
tf §Eloo;l e » |
_Patwardhan * (ref., 12) made a critical evaluation oE the CIRA program,
He cbmpared the basement ‘loss from CIRA with that predicted by a
reference program HEATINGS (ref.29). He cohcluded that;’
The seasonal¥neat loés from the basement as predicted by CIRA wgs in
fair agreement with HEATINGS, Wis was aué to overprediction of

p
‘
: L‘u

/ 5 I
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heat loss in one mohth (the montg of minimum outdoor temperature) and

underprediction in other months. However the agEEement on a monthly

basis was not;aood, the-&ariation from HEATINGS predictions being as
much as 38%. |
He recommended that:
a) Groun@ temperatures rather than air temperatures be used to
compute below-grade heat 1955.

b)~There should be a provision to model the basement as a separate
LY v ' - PR
conditioned. space, - '

c) The time lag due to the-thermal mass of the soil should be
e o _
adequately reflected in the basement heat loss computational

-~

e

procedure.
N
. «

The , CIRA basement model was therefore discarded and replaced with the ,

model developed by c.p.Mitalas {refs. 14 and 24). ' %

-
-

h
¥

3.4  MITALAS MODEL: This method uses a periodic heat flow

3

calculation approach, i.e. by using attenuation and time-delay -
i . . , ‘:}\
. factors to account for the variation of ground ‘temperature and
: > L
thermal mass of the soil, The terms in the e&uations that follow are

better ﬁnderstdod with reference to figure 3.2. a

o
For' the purpose of calculation the inside surface of the basement is

divided into 5 segments as shown in fig. 3¢2.
' ' T }'/) - L - . '
A
;ﬁ? Al ipside surface area SE'wall above grade ,
A2 = upper inside surface area of wall belé; grade '
>~ {

1)

2
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A3

lower inside surface area of wall below grade

a4

surface area of floor strip lm wide adjacent to

wall

r

A5

surface area of the remainder of the floor.

Segment Al isfcohsidered as part of the above'grade heat lcss and its

UA contribution is accumulated into the total UA of the house.

T ~ The _follqwing équations can be wriften for the heat loss through each
of the other segments. : ; )

Q, = Az,[s2 (Tb—Tg) -V, 8, T, SIN (30 (t + dT 1]

-

Q3=(A +X)(T—T) 33 SIN(30(t+dT))
_ Q4 = (A 4 S4 + K4 V4) (Tb - T —(A + 34)
v4 By T, SIN(30 (t + dar,))
7 SIN( 30 (t + dTc))
‘where:
" v i t = time in monthf {Jan=9, Feb= 10, Mar-= ll...ﬁec—ZO) ¢
s Sn = Shape fact®r for the steady-state heat loss
s 7 \ component [WVm‘—k] (Appendix F).
_\\H‘\\ . ; : 3
] TB = Basement air temperature (deg C) o
/ ' ~ _ L
n, Tg = Groupd surface temperature averaged over time and area,
é% ‘) alling mean ground temperature (deg c)

v, = Shape factor for the periodic heat”losg [W/mz—kl.

(Appendix F)

\\ Bn = Amplitude attenuation Tactor (Aggendix F).
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-\
T, = Amplitude of the first harmonic of the ground surface
» temperature, (deg C)
5 _ ’
A r_ = Time lag of the heat flux harmonic relative to the
n \ )
surface temperature
X = Corner allowance factor (Appendix F).
. : e .
X Finite element numerical methods were used by Mitalas to dekermine
the shape, uaﬁtenuation and delay factors. The shape factors can be
o :
calculated as a function of thermal resistance by using the following
relations:
c A -
‘ 78, 1/{a + b .R)
0 (‘
Vn = l/(cn +‘dn'R)f gﬁ{ff<:ffi
) . f
where an, bn' cn and d are constants specific to the basement
- T, e
thermal insulation system.
The corner allgyance, factor, X, corrects for the effect of
three-dimensional heat flow at corners. These are given by the-
_ following relations, 3
. Edi ) .
“~n -\ p= X4 = nCy )
Y g erc b
R 4 4 P
- . /
XS —'nCS o 4;1 ‘

L ar—~d .
!

c,V are factors taken from Appendix F 5;6 n is equal to the number

R \ }. . T,
: of corners a (_ﬁ_\\ - - | -

N . _ _ _ _ .
—~ The annual mzan ground temperatures and amplitude values of the first

——

and second harmonics for several Canadian locations can be found in

Table 3.2.

J}‘.

Overall this model nas been validated to predict the monthly-basement
- - - !

%

% ‘ ;)

/ i
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Table 3.2

Ground Surface Temperatures

! ‘ Source: G.P.Mitalas (Rgference 24)

Swift Current,Sask. 5.7
Lacombe, Alta, 6. 3.
Edson, Alta, 5.2
Peace River,alta.,
Calgary, Alta,
Summerland, B.C.

Vancouver, B.C.

-

Location Annual ]
) Mean Ground "’ |
Temperature
" deg C-_
Cha:lotteﬁown,PEI 7.5
. Fredericton, N,B. 1.7
Toronto, Ont. 11.1
Kapuskasiné, Ont. 5.9
Vineland, Ont. : 10.6
Ottawa, Ont efgf
Winpipeg, Maﬁf el
Saskatoon, Sask. 5.9
Regina, Sask., ,' 4.9

amplitude
of first
Harmonic
deg C

10.1
.
11.9
12.1
10.6
11.0
11.4
12.4
14.6
14.0
11.4
12,2
X
12.0

12,2

11.9

8.5

11.5

Amplitude
of second
Harmonic

\\—
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-
E

/_.

LI

deg C

1.6
1.5

2.3

2.4

0.9

1.8
1.2
1.2
0.9

1.2

S22

- 1.7

1.5,
0.9
0.9

4.9

1.9



! 73
loss to withig 10%’ provided that the basanent being modelled is
_ within the scope of the method {ref. 24), The Mitalas model howver
has certain restiqstions. The -shépe factor equations have hbeen

derived for two sets of s¢vil conductivies inynghe First set assumes

a soil éonﬁuctivity of 0,8 W/m-K for the upper ;oil surrounding the
basement and 0.9 W/m-k for the lower soil. Thé second set assumes
soil ' conductivities of 1,2 and 1,35 W/m-k respectivély. These soil
conductivities, . according Eo Mitalast\hrepresent a fairly -broad
spectrum of Soil types foeranadian locales. However, the method is

prone to error if the conductivity of the sg%&,surrounding the

-

basement - is vastly diff ént from the above mentioned sets. The
uigalas %fodel also cannot adequately account for ground water flow
beneath ‘the’ basemé%ﬁt\ It might be mentioned that this method was
chosen because it has gaingd widespread acceptance Eor thé.pdrpose of

basement heat loss prediction.
’ o * -

] ]
;The_ equivalent resistanée for slab-on-grade® floors in CIRA 1is
determined by usiﬁg an algorithm developed by Muncey and Spencer
(regf 30) and adapted_to microcomputer use by Kusuda (ref, 31).
The following equation is\gsed: A
R =ch/£<g { .1208 +3019§ in{ Kg/pCf ).
' +.001i[1n_(1<g/pcf’3 12+ .23¢7 (£ /p)

3 |
- 20.336 (£ / p)® - .1421 (£ / P) In (K/ p Cp) }

where: - S
R, 1is the modified thermal resistance [mzeC/W]
t = is the average floor slab thickness [m] “

R
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Kg is the soil tﬁ%rmal conductivity [W/m-C]
p is the slab.perimeter length [m]

Ce is the slab thermal conductance between the room:air and

the slab-soil interface. W/mz—é

i.e.(R L tumt<y

slab)
‘:::3 + » L] M a
Fc is the non-dimensional shape correction factors

£ - '-

& F., = .0904 + 1.1115x = .2038 x°

da

and:

= floor area / (p/4)°

‘R; is combined w1th ‘the slab thermal conductangp ko get the overall

\/} subfloor U-value Eor//iab—on-grade, sfé
-1!

U ) —

sf ~ s slab
As) mentioned earlier CIRA assumes a‘constanﬁ floor slab thickness 6f
0.127m . A sensitivity check shéwed that the range of possible floor
thicknesses (0.1 -0.4m) could change atﬁe value of‘RS by 18%. Ing
RBEAP, the user can input'the floor slab thickness in the 'GENERAL'

///;_component.- This input ‘is' uéed in the Subroutine MULSUB to make an

. accurate determination of the Equivalent Resistance of the floor

)

. slab, .
‘ -, ‘
\ | . o . \\\\‘wﬁ
3.5 VARIABLE LIST: [The varlabﬁfs used in data compression and
description can be found in Appendix E. Medification to COMP,FOR ma§
T a ’
e be*”ﬁéﬁe after studying- this variable list, The link instruction is
@COMP- after the program has been compiled. ' 7
‘-\ )
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3.6 CLOSURE: '
An overall description of the Data Coméression program has been given
in this chapter, The FORTRAN source code is appfoximaﬁely‘ZQSl'lines.
The subroutines drawn from the original CIRA program have been
discussed briefly whereas modifications have been discussed 1in
detail.' The variables have been now set up for the energy calculation

program, The next chapter discusses the function of the energy

calculation progam CEGY,FOR.

X At
oy .
v ' S~ .
A
5i
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CHAPTER 4

~ ENERGY CALCULATION PROGRAM

4.1 INTRODUCTION B {
. AN

This ’chapter_ discusses , the functions of the subroutines used in the

energy calcu;atié: section of the program. Subroutines drawn from the
o ) .

original program are discussed -briefly, whereas new engineering

chénges are discugssed 1in detail. Some of the calcuLétiqns such as

those' for ;air nfiltration; ~total solar_radiation, istribution and-

degree-gay coefficients are done in advance for standard conditioné.

iThe precaléulated values ar corrected to reflect the building and

site charaétéristiCS“'under oﬁsideration.'A detailed expianation of

theAengineering methods can be found in reference 23, .

Highlights of the Heating/Cooling algorithms are:.

af The concept’ of uéing effective outdoor night and day temperatures
that are functions of outdépr temperature, solar and internal
gains, sky.radiation losses. The effective température concept is
discussed in detail in Section 4\.3.1. 9§ a

D) Variable - baselhééting and cqoling degree-days calcﬁlated from
effective monthly temperatures using an empirical correlatign
formula. The loads calculated using. the degree—déYs are furZher

modified to account for thermostat setbacks, if any, usind®the

concept of effective thermal mass of the house.
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c) Using Solar and Internal gain utilization-factors from empirical
correlations to calculate 'useful' solar and internal gains,
d) The calculation of output capacities and seasonal efficiencies as

functions of indoor and outdoor temperature‘énd of pect-load ratio,

4.2 DPROGRAM ORGANIZATION > |

The call sequence which 1is genérated by the energy calculation

program (CEGY.FOR) is as shown in figure 4.1. The required variables,

previaﬁsly, calculated in COMP.FOR, are passed to these routines., A

brief description follows:

EGY_IRFOTP:
This routine calculates the infiltration jrate and building load
coefficient for the house. Air infiltration is computed using the

Sherman)and Grimsrud model (ref. 32).

- EGY_SOLGAIN:

A )

This routine calculates the total solar gain due to all directions

(North, East, West, South anq_ﬁorizontal) baséd upon the solar fluX,

total solar aperture and situation modifiers which are calculated in-

COMP ., FOR

» LA

BEGY_UTIL:

This rouEine calculates utilization factors based on the correlations
developed by Barakat & Sander. The useful solar gain is passed on to
the loads gplculation subroutine EGY_LCAIC. This was an imﬁortanﬁ

-

‘57-;;’,-’
&



Call Sequence For Enerqgy Calculation

Figure 4.1

Program, CEGY.FOR

Egy Infotp

Egy_solgain

JEgy_util

h

Egy_Lcalc

A

A

Pasol,?ragt

o One of the AT
routines, Heat Sect Heat_Sect sol_efftemp
or Cool Sect is called Cocl. Sect actsol_change
depending on whether Set_load
the month is heating or ¢ &
cooling, B
/’, -
v eq_wbtemp
N ok Tetavl
\/D =
: ‘Tetav?
Tetav3
Egy_adjust ;

Egy_hlod

78
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change made 1in the energy .calculation program, This method is

discussed later on in this chapter.({see section 4.3)
N~ L

EGY_LCAILC:

> " -

This is the core of the eneray calculatlon program It calculates the

éii%eatlng73f;l;pg loads. One of the subroutines HEAT SECT or N

COOL,_SECT 1s called depending upon the advance ch01ce made by the -

gram_as to whgtherithe.month W ulq_be a heating or a cooling month,
séﬁ__ EFFTEMP calcylatés the ejggctive temﬁerature(day/night)“Hand
corrected  .values of Ehé solar storage factor SET_LOAD calgulates
vhe__deg;ge days and the 1oads (both day and night). The loads are

corrected for stored hgat/cool <hefore being” returned to the main

program,  ACTSOL__ CHANGE is a routine for calculating the

—

contribution of active solar features to reducing the heating léad
using the fE-chart wethod (ref. 26). PASOL__ERACT calculates the

effect "of passive solar features (such as greenhouses etc) in
~

reducing the heating load, PQ_ WBTEMP determines perfongance

characteristics/,miﬁ an  evaporation cooler 1is the cooling unit,

S
1

TETAV1, TETAVZ and TETAV3 are routines to calculate the effect of

Kl

the thermal constant on the indoor temperature response.

EGY_ADJUST: a

This routine calculates, based on user input, adjustment factors to

match the utility bills to actual. use. This routine is useful in

i3

situations where retrofitting the house is required (retrof?tting not
currently implemented in RREAP),

B ]



_ f oy - 80 .
This 'roﬁtine will write the oup@gjgari;bies of CEGY.FOR to a file
. called HOUSE.LODZ .& sample HOUSE.}QD.file\can be found in Appehéix
G-1 This file 1is read by the'p}ottingkprogranﬁ(FORTRAN file-name:
GRAPH HOUSE.FOR) to display the calculated variables, A-detailed

discussion of this routine and the data strd&ture of the HOUSE.LOD

. o,

_ file can be found in Chapter 5, 2

4.3 Dlﬂgm/mo_}:-m_mm‘ S

The incorporaéion of this routine (not available in CIRA or EEDQ) had

4

a significanE'féffect on the heating load prediction. This routine

calculates utilization factors based on the correlations developed by

L .
Barakat & Sander (refs. 15 and 16). A detailed discussion of the

. . . !
engineering bacgground " and justificatfgh for implementing this
routine in RBEAP is ﬁow given, ‘ L

' -

CIRA (ref. 23) uses a steady stéte calculation method to £ind day and
night heating/cooling loads. The day period is defined as the time
between 8 é.m. o 8 p.m'and the night from é p.m-to_B a,m, Monthly
-degreé .days<‘ and ) degreé nights are calcu;ated from effective
temperatures which in turh are derived from indoor temperature; solar
.and internal gains,- radiation losses from the building skin and the
thermal chaéacteristiqs of the.?uilding._

The general heat loss éqﬁgtioa for one~dimensional steady-state heat

kY
transfer from a building enve%9pe used in-CIRA is:

I

— H= (Qc + Qi) - (Sg + F) ..:..4.1
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where:
. H is the heating load (GJ}. B
Q- is the conduction heat loss (GJ)
Q, is the infiltration heaé loss (GJ)
Sg is the solar gain (GJ). B

F is the internal-gain due to lights, people

‘equipment etc, (GJ)
4+ ..\Q
. . : - f

Equation 4.1 may -be written more explicitly as follows:

&

(U + DCQ) (¢, v'tod) st e r-ay a2

- . #"
H = (Ua FDef tt. -t ™) - (8" +F - @) .....4.3
.’f‘;t,. } o) b
.:,(’.",'-.',__-.
where: p N e :
\-'z' - R J"} + kY _
167- S is the conduction coefficient (W/C)
DCQ - is the infiltration heat loss.coeffici
(W/C)
\ D is the density of air ng/mB)
')
C . is the 'specific heat of air (J/Kg K} -
, :
Q is the air exchange rate (m?/S)
ty is the indoor temperature {deg C) S
tod/n' is the outdoor temperature (deg C)
Sd/n is the solar gain (W) —
F is the internal gain (W) .
v _ de/n

is the sky radiation loss (W)

The superscipts d and n deng}e day and night respectively.The

#

N \\? distinction between the day and night solar gain is accomodated using
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a solar storage factor, B, It is defined as the_fraction of‘the solar
energy received over a 24 hour beriod which is released during the
night, Numerical values of"this Eactbr, dependent upon the thermal
storage of the house, are.derived from the correlations of computer

runs using the BLAST bnogrdm (ref. 23). Equations 4.2 and 4,3 can now

be written as : i

Al = o +poo) (e - £ %) - [21-B)S + F - Y] ... 4.4

B = (A + Do) (&1 - £7) - (28BS + F - &R"] eeed 8.5
where ‘ | o
- o anjd Jen
¢ B = solar storage factor = §/(S” +'S7)
S = Average dailz_solar gain. (S~ + s“)/z

-

The effective temperature concept, based on the above principles, is

now discussed,

4,.3.1 Effective Temperature:
-

Qualitatively, the effective temperature 1is that outdoor dry bulb

. témperature that would produce the same heat transfer through the

building envelope as the superposition of conductive, convective,
rédiative heat -transfer and internal free heat aétdaily occurring
(ref, 23). It describes the outdoor gemperature increase equivalent

to the internal gains, 'This can be written as:

d i
Teee = tod 4+ [2(1-B)s + FI _ apd) ~
UA + DO
' n_,n n_ .on
Tere =ty + {2BS + F dr ']

UA + DCQ



whereé:
-
d
eff

Teffn is the night effective temperature (degqC)™—

t

T is the day effective temperature (deg C)

The heat@ng‘ load as calgulated by CIRA {egn. 4:1) is baséd on the .

assumption that 100% 6f the solar and internal gains are useful in
reducing the heating load i.e. all the solar and‘interﬁél gains
"stay" inside the house, thereby ignoring 6ccupant comfort, This
'aSSumption is fairly wvalid for cold months when transmission losses
are high. However in seasonal transition.honths, such as April/May,
the soiﬁk and internal gains alone may'more than offset transmission

losses, This would result in an increase in space temperature,

> This is best explained‘with reference to figure 4.2.(ref. 12)

‘ The vertical axis denotes heat losses/gains. . -

Casef 1 is a typical case‘ for a coldér month  (for example,
.December,January) when heat must be £upplied to maihtain the
required épace temperature, In this case all of the solar and
internal gains are useful in redUcing the heating load, This is a
case of-100% utilization of free heat. —

In éase 2, no space heating is necessary éince the gains have Jjust
oEEget the transmission losses, 1In this case the space temperature
lies within the thermostat deadband,

Cases 3 through 5 illustrate the situations when solar'and((interhai
gaing exceed the transmiséion losses and hence the excess heat must

be removed to g;event the spéce temperature from rising above an

acceptable limit. This situation becomes worse in tight, well

-



- ' Figure 4.2 .
Heat balances on space
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insulated houses with high solar and igﬁernal gains. DOE simulation
has shown (ref, 12) to predict inside -space temperatures of 110 F in
the abscence of procedures to calcuiate utilizgtion factors,

Simulation of the passive solar ranch house. (Ottawa) using the

-

,\ N
DOE 2.1A program by Patwardhan (ref.l2) has shown that the solar gain
utilizaton factor can be as low as 43% depending on the tightness and

insulation level of the house. A comparisdn of utilization factors as

[

deduced from DOE 2.1A for the Ottawa house are shown in Tables 4.1
"and 4,2, Table 4.1 shows the utilization factors for a house of %?ght

construction with dgderate levels of insulation, tightness and Solar

and Internal gains (Case 1},

*

Table 4.2 shows the utilization factors for a well: insulated tight

house with high solar and internal gains (Case2).

_ -
The -above discussion is to emphasize the fact that all of the solar

and internal gains do not contriQHtefto reducing the heating load.

It is therefore necessary to make the distinction between available
solar and internal gains and 'Useful' free heat, Therefore equation
4.1 must be rewritten as: S
where: )
N_ is the solar utilization factor, NSSv being portion of
sdlar gains useful in reducing the heatgng load b

N. 1s the internal gain utilization factor, N.F being the
rtion of internal gains useful in reducing the heating load.

CIRA uses utilization factors of unity throughout the heating séason,
thereby leading to significant underprediction in heating load wher
compared with DOE 2.1 (ref.l2). A comparison of heating .load

prediction between the two programs for the gtﬁawa house(s) can be

4



Comparison of Utilization Factors

Table 4.1

Between CIRA and DOE 2.1A for Case ]

-

Comparison of Utilization Factors

MONTH - CIRA DOE 2.1A
JAN 1.9’60 1.000
_FEB 1.000 0.982
MAR 1.000 - "0.898
APR - 1.000  0€%53'.,
MAY 1.000 0.341-
oCT 1000 0.489
wov 1.000 0.853
pec \ 1.000 0.983 .
;
Table 4.2

— Between CIRA and DOE 2.12 for Case 2

MONTH CIRA DOE 2.1A
JBN 1.000 0.829
FEB 1.000 0.752
MAR 1,000 0.628
APR 1.000 0.416
MAY 1.08D. 0.159

- ocT 1.000 0.219
NQ 1.000 0.523
DEC 1,000 - 0.798

86
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Table 4.3 |

Comparison of Heating Loads between
CIRA and DOE 2.1A for Case 1
MONTH CIRA (GJ) DOE 2,1A (GJ) - Variation CIRA/DOE %
JAN 13.61 14,61 -6.84
FEB 9.91 - 11.00 _ ~9,91
MAR 7.07 7.65 . - -7.58 )
APR \ 3.17 3.96 _ -19.95
MAY 1.27 1.66 -23.49
| _

OCT 1.48 2,26~/ - -34,42
[ NOv 4,66 4.89 4,80
DEC 11.81 © . 12.8] \  ~3.59
TOTAL 53.15 58,27 -8.79

Table 4.3

Comparison of Heating Loads between
CIRA and DCE 2,13 for Case 2
MONTH CIRA (GJ) DOE 2.1A (GJ) variation CIRA/DOE $
W
JaN - 4,33 . 5.06 -14,49
FEB ‘ 2,88 3.65 -21.05
 MAR 1,79 2.36 -24.43
APR 0.72 ° 1.13 -36,17
MAY 000 038 ~100.00
) - , /

OCT | 0.00 0.55 . -100.00
NOV 0,96 1,40 -31.58

. o
DEC 3.75 4.40 -14,79

TOTAL ©14.43 18.94 - =238
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found in Tables 4.3 (Case 1) and 4.4\92ase 2). It can be seen that

the agreement between the programs worsens when the insulation levels

and tightness increase,

Therefore the modified expressions for calculatfﬁﬁﬁ\bhe effective

temperature are:

& N .
a_.4d -4 .4,
Toer =ty + [2(1-B)S N, + N, F -dR"] ]
' " A+ Do O

n n . o n
off —to- + [_2.BS Ns+Ni F"-’dR]

=]
|

UA + DO

The BEGY_. OTIL routine determines the utilization faetors from
empirical correlatlons developed by Barakat and Sander (refs, 15 and
16). These  factors were derived from hourly heat balances on space
for 11 Canadian "locations. Factors for Light, Medium and Heavy
conSEruction with,ailowable‘indoor temperature rise of 0, 2,75C, 5.5C
(dictated by occupant preference) can be determined by using the

following equation and the parameters as given in Table 4.5,

-4
rJ

_’,.-r?"‘ |
The curve fit equations for solar and internal gain utilization
s

factor are of the form: , fﬁ;\\)
- N = a + b GIR

S.

l1+cGIR +d GLR2

where: N_ is the Solar Utilization factor. .

similar correlation have been developed for the Internal gain

utilization factor, N,: S

for IGIR < 0.7 . . .

s
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Table 4.5

T~ Constant Temperature
Mass Unit a E c d
Light 1 6.498 . 5.505 12.38
Medium 1 5,751 5.038 7.724
r ' ! .
_Heavy’ 1 2.891 © 2.571 2.711
Temperature Rise 2.75 gf #
a b c d
Light 1.156  -.3479 1.117  -.4776
4
Ty
Medium 1 4,838 4,533 3,632
Heavy 1 .. .2792 2450 .3230
Temparature Rise 5.5C
a o b o d
Light 1,112~ -,2334 .8660 . 2611
Medium 1.010 .4038 5574 4394
I
Heavy - .9863  .0774 . .0535  .3437

-4

89

Coefficients for the Barakat and Sander correlation
. for caleculating Solar Utilization factors.

e
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for 0.7 < IGLR £ 5:0 )
- /{,!'
_ P 7
Ni = Pl + P2 (IG'LR) 3
L+'p, (16LR)F3*
[ _ '
for IGLR > 5.0 .
© N, = 1,0/IGIR, . e
v
where;
( Ny ‘is the monthly internal gain utilization g
: factor, > ////
- a, b,c,d are constants depending on the mass
e level of the house and indoor temperature e
rise, (Table 4.5) / , e
: , Ly
GLR is ghe-gain load ratio, E4{~-
s iy | y
IGIR * is the Internal Gain Loss ratio,

The gain load ratio is a normalized parameter given by :
GIR = s
, Lt+La+Lb_F |

‘The internal gaiﬁulg§§/rati6,(IGLR) is given by:

GLR = : F
Lo+ L+ L

-

S 1is the averége monthly solar gain from
subroutine BGY_SOLGAIN. (GJ)
L 1is the monthly total heat:loss above grade (GJ)

L, is the monthly loss due to infiltration.(GJ)

- L, is the monthly basement heat loss.{GJ) o7

F is the monthly averade internal gain,

¥

. ~z . : ‘
The ~sum of L. apg L, can be computed by multiplying the Puilding

~ load coefficient (from EGY _ INPOFP} with 'the} indoor-outdoor

temperature difference.

H

;{:
3 —
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| Table 4.6
--__\_‘b'
Correlation Constants for Monthly Data Points

’ - -r » 3 * ¢
(Internal Gain Utilization Factor Calculation)

Profile Temp, Mass ”_Pl P2 : P3 r.m,s

Swings Tevel ~
"House _
and All | all 0.675 2,3558 2.342  0.029
Constant o | K
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House Profile for internal Gains
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Table 4.6 gives the values for the correlation constants‘(Pi; P,
and 'P3) for determining the internal gain utilization factor, These
correlations constants are valid for a house with a constant internal
gain profile (fig.4.3) as assumed in RBEAP, Figqures 4:@ and 4.5
(temperéture rise =0 deg. C) shéw “typical variation of solar and
internal gain utilization factors with GLR and IGLR for different
Mass levels, It. can Be seen that the data points have a fair amount
of scatter, Hoﬁever the r.m,s error of prediction using these
correlations is .029 or less, (refs, 15 and 16),

~ . [}

-4.4 VARIABLE LIST AND F[EHITC?HTONS:z

The variables used in thé energy calculation program are listed in
Appendix H. The FORTRAN source code is 1767 lines, Théjcallinq
program for the Energy calculation program is COMP.FCR. The‘
exécutable file can bg produced by compiling the CEGY,FOR file and

typing in @Comp at the DCL command level,

4.5 CLOSURE:

A *fifffffipn*\gfa the Energy Caiculation program has pe?n given, The

function of the subroutines and a detailed descriptign' of the
(/Engineering changes over CIRA has been diséussed. The effect(s) of
/) these changes in load predictions made by %BEAP are discussed in

detail in Chapter 6. The next Chapter deals with a descripticn of the

plotting program,
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- CHAPTER 5 : i

" PLOTTING PROGRAM

5.1 INTRODUCTION:

The variables calculated in CEGY.FOR, which are stored -in the
HOUSE.LCD Eile,- are used by the plotting routines to display the
final -ﬁuput of the program, An examp{é HOUSE.LOD 'file for the passive
solar ranch hoqse ( Case 2) is given in Appendix G-1., Two VAX/VMS
system services which are utilized are .the Screeﬁ—Management

procedures (as explained in Chapter. 2) and the RGL (Regis Graphics

Object code library) subroutines (ref. 33).

* This Chapter ‘is d1v1ded into three sections:

a) An explanation of the keyboard funct}ons Whlch are used durlng the ]
plotting session.

b) A brief discussion of\kbe subroutines used during the plotting
program,

c) A discussion of the HOUSE.LOD file

L

5.2 REYBOARD USE:
=t

The plotting program made extensive use of RGL routines and was

decidedly superior to the one used in the CIRA program, The results
produced by the program are displayed in the form of tabular data,
This _is the begining of the interactive plotting session, In the

present - version of the program, 19 variables are displayed

Al



- - %

in three screens as shown in figqures 5.1, 5,2 and 5.3

- \ . -
. | <
The following keys (VI-240 Terminal) are active during the plotting
session. i
Help . = Display help screen for appropriate section
Return -~ Gets the user out of the program and returns ko
- command level i.e. thé $ prompt. -

< @RBEAP -should be typed to restart the program,
Do " - Display bar-graph of currently highlighted item,
Pind ~ Display full name of cufrently highlighted

item, (f£ig.5.4)

Insert here - Move any column not currently displayed to the

highlighted position. This key allows the user to
construct a cﬁstom screen, This is useful for
printouts where certain information is desired in
the same table,
To use:

-

. 1. Place highlight on column you wish'tp replace

using the left and right arrow keys.
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Output wvariables

1 - 3 4 5 6 7 8
- J§f=F:] Nload DayOn NitOn SpEgy infil T gas Telec
GJ GJ X 4 GJ ac/hr  therm kbh
Jan: 5.2 6.2 43,9 82,3 1.3 0.68 0 4221 :Jan
fFeb: 4.0 5.4 37.3 50.9 9.3 0.69 0 3564 :Feb
Mar: 2.4 4.3 20.4 36.4 6.7 0.55 ¢ 2932 Mar
dpr: 1.0 2.3 9.2 20.2 3.3 0.48 0 1969 :épr
Hay: 0.0 0.0 0.0 0.0 0.0 0.45 0 1074 :May
Jun: -0.4 -0.1 0.0 0.0 - 0.0, 0.30 ¢ 1039. :Jun
Juit  -0.6 -0.3 0.0 0.0 0.0 0.34° 0 1074 :lJul
. Aug: -~0.5 -0.2 0.0 0.0 0.0 0.33 0 1074 ‘:Aug
Sep: -0.1° -0.0 0.0 0.0 0.0 0.38 0 1039 .:iSep
oct! 0.8 1.7 6.4 4.4 2.5 0.44 0 1755 ':0ct
Nov: 2.2 3.2 19.1 2.4 5.4 0.49 0 2542 INov
Dec: 4.2 5.0 35.4 42.9 9.2 0.58 0 3632 :Dec
SUM: - 18.2 27.9 171.7 245.1 47.8 5.70 ‘0 25912 :SUM L
HEAN: 1.5 2.3 14,3 20.4 4.0. 0.48 0 2199 IMEAN
- ¢ - ~
) .
Figure 5.1
Qutput variables
'N\‘"
- r
- 9 10 11 12 i3 14 15 16
Sgain Rloss VBDDY Spcet Gas $ Elecs Teffd
deg C ©&J 6J C-day ¢ $ $ degC
Jan: -6.2 0.8 0.48 622 141.6 0.0 90 3.4 :Jan
Feb: -5.8 1.2 0.44 500 116.7 0.0 160 6.5 :Feb
Mar: -1.0 1.8 0.48 355 83.6 0.0 132 14.3 :Mar
Apr: 4.7 1.9 0.46 150 41.8 0.0 83  22.0 :épr
May: 9.6 3.4 0.44 -51 6.0 0.0 48 28.2 :iMay
Jun: 4.1 3.6 0.39 -199 0.0 0.0 47 38.8 :iJun
Jul: 17.0 3.7 0.37 -245 0.0 0.0 48 44.2 Jul
Aug: 19.4 3.1 0.39 -177 0.0 0.0 48 36.9 :fAug
Oct: 6.7 1.3 0.46 - 124 30.7 0.0 79  22.4 :(0ct
Nov: 2.4 0.8 0.45 315 6&7.6 0.0 ° 114 13.5 :Nov
" Dec: -2.6 0.7 0,47 534 115.4 0.0 163 5.9 iDec
SIM:  66.7 24.7 5.21 1876 §97.2 0.0 1166 2p1.1 :SUM
HEAN: 5.6 2.1 0.43 156 49.8 0.0 97 . 21.8 IMEAN
- Figure 5.2
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4 5
pEgy
GJ

3
Daybn NitOn S

2

%) Bloss SolUF Dload Nlead

i8 19 1
GJ 3 GJ Gl

17
degC

COL L DE— AL+ >0
fTamdemII3Ivo0O W
MLECERICNcoER
- aw - . -y 2% ® S8 5@ wm FE PN
- Ld - . - - L L] - L) -

. 206000000482
KMo - O -

93420000041&
M 0900000695
- I . i M)

NEMIMO-MNOMNMO

65420%mmmhli

20400‘.651922

30000000410
L L] - -
_‘14000000205
SO~ (a2 g+l

857300000325
- -
1111000000.1.1

0&3086322809
- -

1]
MEAN

47.8
20.4 4.0
4 ' 5

X Gl

T3

14.3
BLoss SolUF Dload MNload Dayln NitOn SpEgy

27.5 174.7 244.1%
2.3
2 .

GJ

18.2
1.5
1

Figure 3.3
OQutput variables
GJ

19

10.0 597.6
OtB 49.8
i8

GJ

~

17

degC

111}i\

SUM:

HEAN:

354200000.&‘-

206000000‘.8
103 63 3 0d

93420000041
090000069
B8

NEMMO-MUNOMN

5542&&%%013

e
20‘.00465182

86?30000082
A P -

Q

Figﬁre 5.4

003086322809

‘fi'i Effective Temperature(night)

'Graph Data' screen when "Find® key 1s pressed

SUN:
HEAN




Select -

Prev,. Screen -

Next Screen -

Arrow keys -

F17 -
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2, Press INSERT HERE key.-A display (fig. 5.5) will
appear with the names of the columns which are not
already difplayed on tﬁe screen,
3. Using the UP and DOWN arrow keys, élace highlight
on the name of the column,you want to insert.ilf

no insertion is required, select EXit.

4. Press RETURN. The displays will disappear and the

column will be inserted, .

Displays complete list of ndmes of data items.

(figs. 5.7 and 5.8)

Displays the previous eight columns (if they exist)
and/or scroll to the last items,
Displays the next eight célumns (if they existy

and/or scroll to the first items,

Moves highlight left/right or up/down as

approprhgté

Snapshot. Saves a copy of the screen to a file
Vo e
" called DATA_TABLE.PRI;n for later printing. (n is
an integer one higher than the last copy of

DATA_TABLE.PRI)
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-Graph- Data.
. V4l ey - INSERT - COLUNN |
Tefifn . Exit
degC | Select column to INSERT 6. Infiltratieon
. 7. Overall pas use
Jan: -1.0 8. Overall elec use =
Feb: -0.0 1.6 91.3 4.0 o. 9. Indoor Dew Point
Har: 3.3 , 1.7 B4.0 2.4 4.| 1¢. Solar gain
Apr: 13,0 & 4.3 70.0 1.0 - 2.1 11, Sky radiation loss
Hay: 14.8 0.0 .0.0 0.0 0.| 12. Var. Base Degree Daus
- Juni °18.6 0.0 0.0 -0.4 -0.{ 13. Space cond. cost
Jul: 21.3 0.0 0.0 -0.6 -0.] 14. Overall gas cost
Aug: 20.2 0.0 0.2 -0.5 -0.| 18, QOverall elec cost
. Sep: 16.2 0.0 O.b -0.4  =0.] 16. Effective Temperature{day)
Oct: 14.8 0.8 72.4 0.8 i.
Nov: 8.9 1.2 90.1 2.2 3.2 19.1 28.4 5.4 Nov
Dec: 1.9 1.5 95.0 4.2 5.0 Jg9.4 42.9 9.2 :Dec
SUM: 133.1 10.0 %97.6 8.2 27.5 171.7 245.1 47.8 5UM
HEAN: 1.1 0.8 43.8 1.9 2.3 14.3 20.4 4,0 :HEAN

UP or DOWN arrows to change selaction, RETURN to choogse, ctrl D for default .

(
¢
Flgure 5.5

'Graph Data' screen when.'Insert here' key is ptessed

~

17 18 19 10 2 3 4

.9
L Enter Formula g n NitOn SpEgy
X GJ
Enter formula and press RETURN

J Press HELP for instructiaons’ 9 52.3 11.3 iJan

Ft - ’ 3 50.5 9.3 :Feb

H _ﬁ 4 36.4 6.7 'Har

-] 2 20.2 3.3 apr

May: i4.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 IHay

Jun: i8.6 0.0 0.0 -0.4 -0.% 0.0 0.0 0.0 :Jun

Jul: 21.3 0.0 0.0 -0.6 -0.3 0.0~ 0.0 0.0 :Jul

fug: 20.2 0.0 0.0 -0.5 ~0.2 0.0 0.0 0.0 ‘:Aug

Sep: 16.2 0.0 0.0 -0.1 -0.0 0.0 0.0 ™ 0.0 :Sep

Oet: 14.8 0.8 72.4 -0.8 1.7 .4 14,4 5 :0ct

Nav: 8.0 1.2 90.1 2.20 3.2 19.1 28.4 ‘Nav

Dec: t.9 1.5 95.0 4,2 5.0 35.4 42.9 :Dac
. SUM: 133.1 10.0 997.6 18.2 27.5 171.7 2459.% -sun

MEAN: 11.1 0.8 49.8 1.5 2.3 14.3  20.4 4.0 IMEANM

A )
Figure 5.6

'Graph Data' screen when numeric keypad 'Enter' is pressed
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17 18 19 A - 2 3 4 5 J
‘ BLoss SolUF wDload Nload DayOn NitDn SpEgy
degC &J 4 &J GJ ) 4 4 J
R e List 0f [ats lien: g 11.3 :jan
Feb' - 9-3 .FEb
Mar: 1. Daytime sensible laad 6.7 :Har
Apr: {| 2. Nighttime sensible load 3.3 iApr
May: 1] 3. Dautime HVAC On-time 0.0 :May
Juni 1| 4. Nighttime HVAC On-time ¢.0 :iJun
Jul: 2] &. Space cond. energy use 0.0 :lJul
Aug: 2| 6. Infiltration - 0.0 :hAug
Sep: 1| 7. Overall gas use 0.0 'Sep
Oct: 1] 8. Overall elec use. 2.5 :0ct
Nov: 9. Indoor Dew Point 5.4 :Nov
Dec: 10. Sularagzigﬂwj)n 9.2 iDec
11. Sky radiation loss
SUM; 13| 12, Var. Base Depree Days 47.8 S5UM -
MEAN: 1 » 4.0 MEAN \

Figure 5.7 e

'Graph Data' screen when 'Select' key is pressed

Grann Data
17 18 19 1 2 3 4
BLoss SolUF Dload Nload Dayln NitOn ‘§p|-:gg
degc GJ 4 GJ GJ 4 %
Jan!: - 11.3 :Jan
Feb: - 9.3 iFeb
Mar: 8. Overall elec use _ 6.7 iMar
apr: 1] 9. Indoor Dew Point . 3.3 iApr
May: 1] 10. Solar gain 0.0 :May
Jun: 1} 1i. Sky radiation loss 0.0 :Jun
Jul: 2| 12. Var. Base Degree Daus 0.¢ :tJul .
fug: 2| 13. Space cond. cost 0.0 :Aug s
Sep: 1] 14. Overall gas cost 0.0 :iSep
Oet: - 1] 15, Overall elec cost 2.5 :0ct
Nov:! 16. Effective Temperature(day) 5.4 :Nov
Dec! 17. 'Effective Temperature(night) . % 9.2 :bec
: 18. Basement Loss
suM; 13| 19. Solar Util. factors 47.8 (SUM
MEAN: 1 ' 4.0 :HEAN

Figure 5.8 ' ' -

'Graph Data' screen when 'Select' key 1s pressed
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-~ Display multiple bar graphs of data items where n is

the number of data items to be éraphed. For example
PF1l displays one data item on a single graph

{fig, 5.9}, PFZ displays Ewo data items (fig, 5.10),
PF3 displays 3 data i tems (fig. 5.11) and PF4
~displays 4 data items. (fig:.5.12)

To use; | |

Press PFl to PF4 depending on the npmber of graphed.

Using the UP and DOWN arrow keys, select items to be

{ graphed, one at a time, Press RETURN after each

'A\\\"selection. The display will disappear and reappear

for each subsequent item to be graphed.

~— .

- Numeric pad decimal. Changes the type of highlight
| you keep presslng '.', the highlight will shut off
allowing for photographs of the screen, ﬁressing".'
aéain restores the cursor, All fuﬁctions work ag-
normal whether or not the cursor is visible.

,/\\‘

- Nu;:}ic pad zero — Change the éolumgkheadings to.
blank, sma%l letters, capiéal letteré, smali Roman
numerals, capital Roman numerals and back to Arabic.
Only the Arabic are specific to the déta item, the

?thers are specific to the column position, This is
1

handy for both printouts and photograpns.

-
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& -
- A
Ry — -
L )
 EE— 7 : grossibiE Snsesr : e—
: pl Exit :
Select first column to GRAPH |[J » Dautime sersible loxd
2. Nighttime sensible load
J | 3. Daytime HVAC On-time
4 Feb: \4.0 5.4 37.3 50.5 4. Nighttime HVAC On-time
Mar: 2.4 4.3 20.4 36.4 5. Space cond. energy use
Apr: 1.0 2.3 9.2 20.2 6. Infiltration -
Hay: 0.0 0.0 0.0 0.0 7. Overall gas use
Jun: -0.4 -0.1 0.0 0.0 * 8. Overall elec use
Jul: -0.6 -0.3 0.0 0.0 9. IndoorsDew Point —
fug: -0.59 -0.2 0.0 0.0 10. Solar gain !
Sep: -~0.1 -0.0 0.0 0.0 11. Sky radiation loss
Oct: 0.8 1.7 6.4 14.4 12. Var. Base Degree Days
Nov: 2.2 3.2 19.1 28.4 13. Space cond. cost
Dec! 4.2 5.0 35.4 42.9 i4. Overall gas cost
, 1%. Overall elec-cost
SUM: 18.2 27.5 171.7 i6. Effective Temperature(day)
HEAN: 1.5 2.3 - 14.3 _ 17. Effective Temperature(night)
V| 18. Basement Loss ™
UP or DDWN arrows to change selection, RE| 19, Solar Util. factors

GJ

o

- —_— AN
RBEAP EMNMERCY DATA
S T T T T T T T T
~
5. —
4!
/
3. 1/,
7 .
2. 17
//
i/
1. 1/
/1 /7
0 o i
AR i I
-1, - 1 ! | | { | I 1
Jan Feb Mar Apr Nov Dec

Hay Jun Jul Aug Sep Oct
: '

Daytime sensible load

Figure 5.9

Ons output variabléuéfgéh\display

<
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Ao ] | | i ] [ i i | 1 | I
- " ) ]
=3 ++ e
— ” T?-ﬂEI —
-~ |/ A+ -+ o
- /A HH
[~ - /}""" i+ .
- i aallisa: -
/4 [/ HH
— I saalldan: “—
- A [/ H+ . /. -
sanBfd 44, L ; )
. Vi L(’F" Zvi i '
! | i {1 | ~1 ] | ] | _
Jan Feb Mar Apr May Jun Jul Aug Sep Oct .Nov Dec
Dload [+ Nload
' Figure 5.10
Two variable graph display
- v

A

REBEAP ENERGY DATA

1

ilT]iI!.ITlE

|-l
Ll
o
L
%
R

A\
N
A

' L /oy 27l
1I-lrlil['}'qdlllll

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Dipad @ Nload Vh Bloss
Figyre 5.11 A . I
Three variable graph display

Far
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RBEAP ENERGY DaTa
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\
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Terrd o] Teffn SolUF DewPt
> Figure 5.12
/ " TFour variable graph display
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. ; )
Numeric pad 'ENTER'. By pressing this key the stack

calculator ,{similar to a HP calculator) is enabléd
allowihg the user to calculate between columns
(see fig, 5.6), For example the user might want to
compute the product‘pﬁ Solar gain and solaf
utilization factorg and put the information in a new
céluaqigalled 'Useéol‘. I1f Solar gain ig displayed in
column n and Utilization factors in column m, then
the new column can be created by typlng [n] [m]*

when asked to type. in the formula h

The program will also request the long and'shqrt name
of the new column to'be‘created. For.a demonstration
Ji\sﬁfrizigk’calculator, th?-user is required to type'
'DE' when asked to provide a forpula, When DE is
typed a display with the label 'Stack Calculator
Demo' (fig, 5.13) and you will be asked to provide
the formula, (eq. 3!5/).AThe screen will now show the
stacks X,Y,2,T (fig.5.14 and 51159. By pressing the
space bar,'the values of the entries (3 and 5 in this
‘case) will appear in the stacks. At the end of the
operation the answer is returned (fig,5,16), The
construction of a formula and the operators used are
the same as those described in Chapter 2, %he 'Help'
facility (figs. 5.17, 518, 5.19 and 5.20) may also

be utilized. =



“Staeck Calculator Dem

 Enter Formuls g

Enter formula and press RETURN
Press HELP for instructions
315/,

&y

- r

. - -~
pp——

Figure 5.13 \g) '

Figures 5.13 - 5.16 show the screens for the stack calculator example.

IR

— »
-
Formula: 318/ .
- —— IS

T = 0.000000E+CO

Z = 0.000000E+00

Y = 0.300000E+01

S X = 0.500000E+01

Figure 5.14 -
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\‘ -;- == ool - : e mrar
- Formula: 35§ _
N .
€. M/ N
] .
— —ET e ———
T = 0.000000E+00 a
Z = 0.000000E+00
Y = 0.000000E+00 1
X = 0.600000E+00
e
Figure 5,15 «fh
N F } (\
1
e SV,
¥ L
Returned: 0.6

Figure 5.16
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Heln Infermation

. -auxjgaﬁ
Enter the formuta for the column you wish to create. =N
This is done in the style of an HP calcuator.
Character Function p
' /
ﬂ - - - \.//
’ tnl Column numbers must be enclsed
in square brackets
c Clear Stack ﬁf/ R
! I Enter . \
&,
+ - Addition, Subtraction
! * / Multiplication, Diviiion
g Change Sign
Press any key to continue -
Figure 5.17
Figures 5.17 - 5.20 show the screens for ['Help' during the plotting session.
A . ) - i

—Halp Information

Character Function
A Y.to the X pawer
T "Natural Log (base &)
X Expanéntial Function (eAx) )
| Ipvert
" Swich X and Y
= ‘ X equals Y
H - - X not equals Y X
> © X Greater than Y ( /
Preqa‘aﬁg key to caglinue

Figure 5.18
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Character Function -
I X less th ;
&7
) X greater than or equals Y
( . X less than or equals Y
Demonstration: To run a demonstration of the sta @

calculator type DE’ when asked to
provide formula. When DE is typed a
display with, the label ’‘Stack Calculator
demo’ appears and you will be asked to
provide a formula (eg 3!5/. The screen
will now show the stacks X,Y,2,T. By
pressing the space bar the values of your

- entries (3 and 5 in this case) will appear
in the stacks as the operation proceeds.

Press any key to continue

Figure 5.19

Help Information-

At the end of the operation,the answer is
returned,

Logical Operators: True places -1 in the X regisier--
False places 0 in the X register

Example:  [211[31/ This divides Solunn 3 by column 2.
213/ This divides 2 by 3,

Note: Formulas can be up to 40 characters long.

Constants must be positive (use @ to changeﬂaégn).
They can be real or integer unless in scientific

form, in which case they must include decimal point.

Eg. 2.34567E-3

Press any key to continue

Figure 5.20
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5.3 SUBROUTINE DESCRIPTION:

The subroutine call sequence for the plotting program, GRAPH
HOUSE.FOR 1is shogp in figure 5.21. A brief--description of the

e
subroutines follows. . §

Read House Lod: .
This routine reads the HOUSE.LOD file, It calls FORMAT DATA which
uses the format code read by READ HOUSE LOD to reformat the HOUSE,LOD

variables for graphical disblay.

Hi Lo: A -

~
- L]

This routine uses the information read from the HOUSE.LOD filecFo
determine the y-axis range -and also the number of divisions and

subdivisions to be'aisplayed on the graph,

Fmt: ._‘

The inputs to this routine ‘are the format code (as reéd from the
HOUSE.LDb file} and _ the meaéurement to be formatted. The output 1is’
the_ formatted measuremént. The format code is the_format statement

used in CIRA (BASIC) for the particular variable.

Read Names:
This routine reads the 1long name, short name and units of any new
column to be created by the user and then displays the necessary

information in 'Graph Data'.
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Figqure 5,21

Call Sequence for Plotting Program, GRAPH HOUSE.FOR

>Screen-Management Procedures

»Read_house_lod——Format_data
’ 1
i

» Tha—

-»_reate_buf_ans

»Fmt

»Read. names

— ,Snapshot’
Th
S
»Read. formila
»Print_Explains
$Select_Answer

a»Stack. Calculator

>»RGL_routines,

e
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Cr:eate.bﬁ&ms :
This routine creates a working éharagter buffer to be used during the
piotﬁﬁng' program, Thig' also includes possible answer lists to be
displayed in 'Graph Data'. . -

Snapshot: ,

This routine saves the current graph data screen to the File called

data table,pri;n foré%ater printing,

AN — } -
The funct;ons of the PR%NT.EXPLAINS, SELECT_ANSWER and
STACK__. CALCULATOR . subroutines have  been described earlier in
chapter.2., A detailéd description and use of the RGL-routineé ts
given in reference'.33. The call sequence for the RGL routines is

shown in Eigure 5,22,

5.4 THE BOUSE.LOD FILE:

fThis file is a sequential data file containing the results of the
program as calculated in CEGY.FbR. A sample HOUSE.LOD file is listed
in Appendix G-l. Some representative portions of the House.Lod file
are listed in Tables 5.1 and 5.2,

A discussion of the data structure of this file follows. Table 5.1
lists the first 44 records of the*Sequential HOUSE.LOD data file. The
first record contains the descriptive title for the contents of the

HOUSE.LOD file, This title will also appear as the Header For all

.

S
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-:“:Eigdre 5.22

call Sequence for RGL routines,

L

nit Gréphics

/

¢ : / ' bél numaxis
;abel Textaxis
et linepattern

et shade

© R Ty

Regis Graphics Library (RGL) »Set .color,

et noshade

Move

Plot BRarchart



Table 5.1 '\“\\\\\\

Example Listing of a portion of the HOUSE.LOD file

RBEAP energy data
21

1$0ccupants' Name , I

LIFE ¥

1SHouse name -
Case 2

l§#louse Area (sqm)
109 . -

1#House Volume (cum)
266

18city
OTTAWA

l3Latitude (deg)
45

1#altitude (meters)
125

l#azimuth (deg)
0 .

1#Solér Storage Factor (unitless)
0.22

1#Therml time constant (hr)
13,7953 '

1#Free Heat (W)
670.442

li#Moisture (Kg.day)
1.9835

3# Building Load Coefficient (W/C): yearly/heating/cooling
80.4722 .

87,9405

73.0039

115
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oz

Example Listing of a portion of the HOUSE.LOD file - |

g

il

Content of Record

available Solar Gain

avsecl

GJ

B
.000002532

122061

117787 '
123818 '
89093.5
67233.4
76527.7-
63625.9
82736, 1
83229.8
106525
80573.1
101427

\

Description

_Long Name

Short Name

. Units to

appear in Tabular display
Format Code from BASIC

Conversion from Btu/day to

GJ ~

Calculated values

from

Subroutine Egy Solgain

l&

P
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graphs drawﬁiguriné the course of the plotting program. Record number
2 Els Occupants' WName) is the value assigned to the character
variable' occupant name, The prefix i$ indicates that this variable
has only one value assoéiated with it and it is gf'character type.

< .
- gimilar descriptions apply for the other information listed in Tablg

5.1, For example '3# Building Load Coefficient' indicated that this

5 i M

.variable has three values associated with it (and hence of Dimension
3) and is of numeric type. The begining of éhe HOUSE.IOD file
‘conEains information on variablés whose associated values are less
than 12. The next part-of the file contains infprmation on the
variables associated with wonthly valyes aé iisted in Table 5.2,
A description of the records for monthly variables follows:
The first record contains the Léng Name of the variable. This is the
name .that will appeaf'when the 'FIND' key on the VT—240-termina1 is
pressed. The second record conﬁafhs information on ;he Short Name of
the variable. “This is the name that will appear as the Label in
'Graph Data’; The third record contains the'unit convérsion factor’
with whic?/ the HOUSE.LOD value has to be multiplied £%r display in
'Graph Data'. In this case the COnV%rsicn of the Avaialble Solar Gain
is from Btu/Day ( HOUSE.LOD units) to GJ {units for Tabular display).
" The remaining records are the 12 program calculated Qalues for tﬁé 12
months of Ehe year.
The(_purpose'of the above discussion is to aid futuré workers or users
who ‘WOuld like to modify the Tabular data . The above data structure
- .
must be strictly adhered to. The other output file from the plotting
program 1is the Related Data.pri;n file which can be found in appendix

G-2.
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5.5 CLOSURE:
A description. of the plotting .progrém used in RBEAP has been
completed The FORTRAN source code is approximately 1972 lines The
next chapter deals with a descrlptlon of the results obtalned by

using the RBEAP program,
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CHAPTER 6 ‘

RESULTS AND VALIDATION

6.1 INTRODUCTION:

This Chapter discusses the validétion of RBEAP with regarg*t6~the DOE
2.1 program, This validation was éarried out in four steps:
1) The first step was to check the accuracy of the unmodified

FORTRAN, i.e. RBEAP containing the ori:?;;i\GIRA algoéithms

N B . - v
without solar and internal gain utilization factors or the Mitalas

basement m;del, with CIRA in order to confirm that both prdbrams
produced identical results YEEE identical inputs, In
this step a number of: runs were made of the FORTRAN versién'and\
the resulting HOUSE.DAT, HOUSE.STD and HOUSéﬁLDD files were

o A
compared, item by item, with the corresponding files which were
obtained by running identical inputs through the original CIRA
program'on a Radio Shack Model 11 ﬁicrocomputer. In each case, the
resulting daEa files were found to be identical to the sixth

significant figure for each item of data with occasional

exceptions, All exceptional cases differed by one or two in the
final digit as a result of the different precision used in
rg;;.tﬁmetlc operatlons used in the'respectlve computers and
' .
\lgnguages at thlS stage it was concluded that all subroutlnes in
‘\/___/
unmodified FORTRAN ver51on were y1e1d1ng 1dent1cal results in

comparlsonqwlth the orlglnal CIRA program Subsequent runs u31ng

RBEAP as dlscussed below 1nclude the previous.y described
modlflcatlons to the orlglnal CIRA grogram ’(EL‘-ﬁ—EE\
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2) A Passive Solar Ranch house in Ottawa wasgchosen to test the
,‘ﬂ—-—-—h .
. effects of incorporating Utilization factor routines and Modified
//éioor thermal resistance ro@&ine.on Ehe Heating Load prediction,

3) A house in Detroit with a full basement was chosen to test tFe
combined effect of 1ncorporat1ng the basement medel due to
G.P.Mitalas as well as Utilization factor routines on the Heatihg
Load prediction, ‘ |

4) A multiprogram comparison between RBEAP, NBSLD and BLAST was
carried out for two cities, Minneapolis and San Francisco. The
test house-in this case was the Hastings Ranch hoﬁse.

This .Chapter also gives information on the program staEistics

‘ ™ \
pertaining to Memory requirements and run-time, statistics, . ’ \Q“*

!
6.2 RESULTS FOR THE PASSIVE SOLAR RANCH BOUSE:

6.2.1 House Description:

Figure 6.1 shows the views of a Passive Solar Ranch house which was
modelled as being located in Ottawa. The house is of slab-on-grade
construqtion. .This house has been; modelled  earlier iQ CIRA by
Patwardhan (ref.12) amd DOE 2.1 by Colborme et. al. A Light
construction was chosen with the thermostat setting at 70 deg F and

insulation -and tightness levels were allowed to vary. The two cases

that were considered in this report were: Y
RWall chi;ing - - Glazing Avngch
VCase 1 . 12 ~ 0 Double 0.6
ﬁ Case 2 30 50 Triple 0.3

<L
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The input listings for the house as modelled ih CIRA are given in
Apﬁendix J-1 (Case 1) and Appendix J-3 (Case 2). The input listings
for the house as modelled in RBEAP are‘g%ven in Appendix J-2 {Case 1)
and J-4 (Case 2}, ‘ |
6.2.2 Free Heat Analysis: o

It was noticed from the CIRA modelling of Case 1 and Case 2 by

Patwardhan (ref. 12) that the amount of available free heat ¥defined

as the sum of solar gnd internal gains) considered by the programs,

CIRA and DOE 2.1A, was not the same, Itiwas therefore decided, for

the purpose of an accurate determination of the effect of utilization

factors, to remodel the house such thét t;e amount of available free
heats considgfgd by the programs was almost the saTe. Exact

cofrespondence éould “not be obtaineé‘because of 1imitatioﬁs inherent

in the CIRA program;’namely the difficulty in inputing free heats by
directly .making modifications in the BASIC source code. The fiqgures

6.2 through 6.9 show the comparison between available and useful

solar gains and free heats £ox Case 1 and Case 2, It can be seen that
an atte%pt has been made, given the limitations of ‘the CIRA prbgram,

to make the évailable'ftee heats for the programs almost;equal. This
thermo@ynamic “condition of equal available free’ heats, once:
established, would not be altered by either changes in house
construction or indoor temperature swings. A comparison of Solar
utilization factors between CIRA, R?EAP and DOE 2,1A can be found'in

figures 6.10 and 6,11, The utilization factors as used in the CIRA
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program are taken to be unity throughout the heating season. It can
be seen 'that the utilization factors as predicted'by DOE 2.1A are
higher in the colder months of winter but ar;hiower in the swing'
months. It has been pointed outhearlier (Chapter 4) that the Sander &
Barakat correlation used in RBEAP is a 1line of best fit through
points of scatter, Morover the utilizaton factors as deduced from the
DOE 2.1A program are based<on loads calculated on an hourly basis. It
can, therefore, be concluded that in general, the Barakat & Sander
-correlation can be used with a fair degree of confidence in monthly
eﬁergy analysis programs, This confidence is reflected in the uée of
this -correlation in another monthly energy analysis program, HOTCAN
(ref. 17). The comparison results between RBEAP and DOE 2.1A show
that this correlation works quite well as far as influencing the
final heating load calculation -is concerned. Numeric values for
Graphs 6.2 through 6,11 can be found in Appendix K-1, The next
section deals with a multiprogram comparison of heat load predictions
between CIRA, RBEAP an E 2.1A.

4 o
6.2.3 Comparison of Heating Loads between CIRA, RBEAP and DOE 2,1a:
The foliowing situations were examined -for this- multiprogram
comparison. The Passive Solar Ranch house was with slab-on-grade wés
again taken as the test house and the construction level were allowed
to vary ngm light to medlum The tgermostat settlng however was not

allowed to vary and was malntalned at 70/70 deg F. This was due to

the inability of the CIRA program to model swings in indoor
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temperature, The results are shown graphically in figu;gs 6.12
through 6,17 and_thg numeric valueé corresponding to thes? graphs can
.be found in Appendix K-2. It can be seen that the agreement between
RBEAP is guite good. Indeed, duringl gach month 6f the respective
heating seasons shown in the figures, the RBEAP prediction of heating
load is closer to the DOE 2.%§/prediction than is the original CIRA
prediction, except for Mﬁy in figure &6.17. Generally the improvement
is quite noticeable .in .the swing months of Apfil/May/October. It can
also be seen that for Case 2, RBEAP has generallyrindicated heating
months for May and October, as did DOE 2.1a, whereas CIRA has
predicted them to be cooling month;, This was due to the modified
indicator calculation procedure involving utilization factors (/?gef“"
chapter 2, Subrogbine EXT_INDIC).
. In .geﬁeral, it has been found that the worst deviation on a mpﬁthly _
basis was 15% and on a seasonal basis the worst deviation was‘7é. The
agreement has Eggn~$§3und to weaken slightly as 'Heavier' houses are
modelled. It can be seen that for Case 2, Heavy,.70/70 both CIRA and
RBEAP predict May as a cooling month, It must be pointed out that the
indicator calculation in RBEAP is not perfect, In general, if hedting
loads for é month are anticipated to be very small, the indic;tor,
despite the effect of utilizatioﬁ factors, will switch the month to a
cooling month, Nevertheless- the improvement over CIRA 1is qhite

K evident. : . ; .

. A ‘
~—The effects of indoor temperature swings on the utilization factors

and hence, on the heating load prediction, are examined in the next

- section, l

— | i
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-6.2.4 Comparison- -of the effects of indoor temperaﬁure swings on’
-Hea't:ing loads as predicted by RBEAP and DOE 2.1A,
In this sebtion the efféct af inddbr temﬁeraturg swing on the heating
load predictibn is examined. The temperature swings influence the
heat load apmgdictidn because the coefficients to be used ggr
determining - the solar utilization factors from the Barékat & Sand;r
correlation ére dependent on them, Consequently, the useful solar
gaih and hence the heat loads are affected. The CIRA program was not

chosen for' this comparative study because of its inability to model

or accept indoor temperature swings, The following situations were

examined. -
CASE 1
CONSTRUCTION TEMPERATURE RANGE (deg. F)
Light 70/75 . 70/80
Medium 70/75 . . 70/80 ’
Heavy | 70/75 70/80
Ve

casE 2 - o - -
CONSTRUCTION TEMPERATURE RANGE .(deg. F)
Light 70/75 70/80
Medium 70775 70/80

- . e, ‘
Heavy 70/75 70/80 *}

The results are shown in figures 6.18 throdgh 6,29, Numeric values
for these Jgraphs are given in Appendix K-3, It can be seen that the

agreement 1is quite good, However the indicator has switched RBEAP to

N
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a cooling month in quite a few instances, This switching effect has

. been to found occur more often in tighter, well insulated houses,

with large " indoor temperature--gwings and low anticipated heating
load, It may| be pointed out that ;helérogram algorithm itself is not
defective but is subject to the quirks of the Barakat and Sander
correlation, HerVer the improvement over the CIRA pfogram- is
significant especially when it is considered that CIRA is ‘unable to
model indoor temperature swings. Another. fact that may be mentioned
here is that air temperatures are Stlll belnq used to calculate heat
loss from slab-on-grade floors. The agreement between RBEAP and

DOE 2.1A shows that this is not a significant source of error,

The next seépion deals with the effect of incorporating the Mitalas

basement model in RBEAP,

6.3 RESULTS FOR THE 'VILLAGES OF RIVERSIDE' BOUSE:

o~

The 'Villages of Riverside' house was used for thelgomparative study.
A schematic of this house is given in figure 6,30. A sectional view
of the basement of vVillages of Riverside house is shown in fiqure
é.31. The input listings for thls house as modelled in CIRA [by
Patwardhan (ref.12)] and REEAP (by the author) are glven in Appendix
-1 and L-2 respectively. The comparative study is divided into, two
sections: S~

i) The 'villages of Riverside' hoese wes modelled on a version of
REBEAP with the Mitalas basement model but without solar and internal
gain utilization factor routihes. “

ii) ‘The same house was modelled on a version of REEAP which had both'
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the Mitalas éﬁdel as well as utilization factor routines,
Vs : .
6.3.1 Comparison of Heating loads between CIRA, RBEAP and DOE 2.1A
using RBEAP with the Mitalas basement'model only.
Two situatiom; were considered for this comparative study. In the
first case the basement was assumedlto be uninsulated. In the second
case the basement walls were insulated to an R-value of 11
- sq.ft/Btuh, The resﬁlts are shown graphically in figqures 6.32 and
| 6.33. Figures 6,34 and 6,35 give the basement heat loss for the
uninsulated and insulated cases. Numeric values for these graphs can
be found  in Appendix M.. It can be seen that the results as predicted
by RBEAP for both cases are qﬁite good even in the absence of
utilization factors. This indicates that the basement heat loss as
predicted by the Mitalas model in RBEAP is contributing to an overall
imprgsgkent in both moﬁéhly and heating season prediction, It can be
seen in figures 6.34 and 6.35 that the peak basement heat loss is
occurring in> the month following the month of lowest average outdoor
temperature, i.e, the time lag introduced by the so0il is.béing
accounted for in RBEAP. The peak basement heat 10ss was found to be
- in theJ month of Feb;uary in both cases., The agreement between Z:EAP
and DOE" 2.1A increases inl the swing months because the Mitalas
basemept model has been shown to follow a standard reference program

for calculating basement heat loss, HEATING 5, more closely than the

CIRA program (ref. 12),
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6.3.2 Comparison of Heating lpads between CIRA, RBEAP and DOE 2.1A
.using RBEAP with the q;télas model as well as Solar and Internal Gain
utilization factors:
The 'Villages- of Riverside' .‘house Qas again considered for this
study. The results are shown graphically in figures. 6,36 and 6.37.

in Appendix M,

tﬁmetic values for these gfaphé can be foun
t can be seen that the combineq effect Of the Mitalas model has
further impgpved the -agreement between RBEAP \and DOE 2,1A, For
example,j'in the month of April, the variation between RBEAP (version

t

_with Mitalaé model only) and DOE 2.1A was_lBuOZ%..Howevef, this
variation diopéped to -0.32% when utilization factors were introduced
into the program, Based on the above giscugsioné; it can be concluded
thét RBEAP program can be uséd with greater confidence in the -
mod?lling residen;ial buildings.

6.4' Results for the Hastings Ranch house:

The Hasﬁings ranch hou;e was used as a test house by Carroll (ref,7)
in order to make a m&ltiprogram comga;}son betwg?n DOE., NBSLD and
BLAST, - The results obtained by'him fég two cities, Minneapolis and
San 'Franciscb were used by the author for his comparative study. The
Hastings Ranch house was modelled in RBEAP. Figure 6,38 shows a

schematic of the Ranch' house.

/
[ 4

6.4.1 Comparison of Heating Loads between DOE, RBEAP, NBSLD and
BLAST: i
Figures 6,39 and 6,40 show the heating load gompérison for two cities

of véstly ~differing <climate, The RBEAP load predictions are
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followiing the same trend, as established earlier, with fegard to the
DOE program. Also, the load prédictions in comparison with NBSLD-and
BLAST are in fair agreefment.

6.5 CLOSURE:

The RBEAP program has been tested and validated against DOE 2,1A, a

popular publiE\ domain hourly eﬁergy analysis program, The results

H

from two ‘other‘hourly enerqy anélysis programs, NBSLD, and BLAST were

also used- to"confirm the accuracy and consistency of RBEAP energy

—
predictions, The results as validated so far indicate that good

accuracy has been acﬂ?eved with considerably simpler algorithms and

input requirements, 'The overall conclusions and recommendations are

=3

‘presented in Chapter 7.

WS
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

1

7.1 INTRODUCiION:

The objective of this work was to develop a FORTRAN 1anguagé‘

Residential Building Energy 2nalysis program (RBEAP) based on the

CIRA model; The “program with .the necessary changes in engineering

methods was developed and validated against a well established public

domain ~-hourly energy analysis program, The following overall’

conclusions were drawn from these endeavours:

7.2 CONCLUSIONS:

1. The Residential Building Energy Analysis program can be used with
greater confidence in modelling and predicting energy usage on a
monthly basis. In,general,_thg maximum monthly deviation from

DOE 2.1A predicted energy use is of the order of 15%. The maximum

deviation on a seasonal basis is 7%.

2. The drawbacks of the CIRA program such as the inabilty to mddel
tight, well insul%teé'houses with nigh so}ay gnd‘internal gains
have been eliminated through the use of solar’ and internal gain

utilization factors. An added benefit is the ability to consider
indoor temperature swings.
?

3. The present basement model in RBEAP can be relied upon to give a’
realistic and accurate érediction of basement heat loss,
4. The modular nature of the RBEAP prodram together with the

flexibility of the VAX/VMS system can allow for easy alterations

of the program . : | )

~

\
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7.3 LIMITATIONS OF REEAP:

-

1. The program is a mohthly energy.anafyéis program and treats months
as either heating or coolingTherefore the percentége'of cooling
in a swing month cannot be de;ermined. '

2, The Rasement heat loss calculations are available for two sets of
soil conductivities only. Although these soil conductivities
cover the general range that is to be expected, the program might
not be that accurate if the soil surrounding the basement has a
conductivity vastly different from the above mentioned sets.

3, 2Air temperatures are still being used to compute heat loss from
slab;Sn—grade floors, However the érror introducgd in thé overall
heating load prediction due to this procedure is not very large és

can be seen in the comparison tables for the Passive Solar Ranch

" house (Figures 6.11 tg;ough 6.30 in Chapter 6),

7.4 REOCOMMENDATIONS:

-

The RBEAP program can be used as a basis for development bz-futuge

workers. Possible changes could include:

1. The reduction of the basic calculation time step to a week or a
déy. This change should be made keeping in yiew the fact that the
Barakat and Sander gorrelation for calculating utilization factors
(ref, 30) cannot be u$ed for time séeps smaller than aimontﬁ; Also
the equations developed‘by G.P;Mitalas.(ref. 14). are valid for
calculation of monihly basement heat loss oﬁly. Alternate

‘procedurés would have to be developed in order ko calculate

.utilization factors and basement heat 108S..

ine
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2. The basement calculation procedure could also be made sufficiently
flexible such that it can calculate shape amplitude and
attenuation factors based upcn user-input soil conductivities, at
present the Mitalas model does not éllow for this.

3. A procedure for calculating heat loss from slab—on—gradé floors
-which uses groﬁnd temperatures riFher than air temperatures could

be incorporated.

L
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Listing of the modified SUBFLOOR.INF file

as used in RBEAP
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Subfloor.Inf

SO01
Subfloor NAME
\NAME

$02

3

N\

A\

$02

Subfloor TYPE

\TYPE ®
BCS

B

$03

4
\BBasement\CCrawlspace\sSlab-on-grade\
\BL.0\CO, o\so o\ \

s03 o

Soil TYPE 7
\MITSOIL :

WR

W

$04\$02=5>#08\

5 '
EQWEll-Dralned#Clay\RRocks and wet sand\
$04

Where is the Basement Insulation

\MITINS &\

IOB ~

I 3

#05 .

6

i{lnside\OOutside\BBoth Inside and Outside\
205

Basement Temperature

deg C\1.8%32+\32-1.8/

5
30
21
$06\$02=5>#16\

N

\TEMP —



7

$06 :

Above Grade wall R-value
K-sam/W\5, 6745*\5 . 6745/
\MITAREA

.1

5.5

3,0

407 .

8

- #07

Above grade height
m\.3048/\,3048*
\WALLS

0.0

4
1N$02=C>, 6\

408

9

408 .

Exposed perimeter
m\.3048/\.3048*
\WALLS .

6

300 * >
30 ‘

#09

10 SRR
Floor Area (joists)

 squ\10,7639*\10, 7639/

\AREA

1

500

100

#10\$02=5>424\
AN

T11

#10G ,
No, of Floor Penetrations
No.\

\LEAKG

0

30

10

#11
12

~.

160



&

i

a 20 ‘ o .A - _ -

ﬁ No, of Wall Penetrations

$#11 : . ;

Floor Sp. Leakage Arza o P y
sdmm/sqm\1076, 39/\1076, 39* - ]

\LEAKG ' %\/j

0

2600

{450tv10*V09/,211076.39%+}

#12 :

13

#12 - gy
No.\of Windows -
No. :

\LEAKG S ] A
0 , »

10 '

2 | : ' L :
#13

¢

~4

14

413G

No. of wall vents : ' -
\LEAKG

0

5
#l4

15 /
414G

No.\
\LEAKG
o
30
10

16

$15 . .

Wall Specific Leakage area

sqmm/sqm\1076.39/\1076,39* .

. \LEAKG 4 o : ‘

0 . ‘ 4
3250 .
{6001V13*10001V12*4501V141V08*/,511076,39%+} " w2,

316 ' .

g

17 - . - -
£16
Area A2



RN

\—'\”"’"7\ .

sqm\10.7639*\10.7639/
\MITAREA '
1 s
500

10

417

1
#1
R~-value for A2

. R-sam/W\5.6745%\5,6745/

\MITAREA
0.0

10.0
3.0

#18

19
#18

‘Area A3

sqm/10.7639*\10, 7639/
\MITAREA )
1

500

10

#19

. 20

R-value for A3
K~sqm/W\5,6745*%\5 6745/
\METAREA-

0.0

10.0

3.0

%20

21

#20

Area Ad
sqm/10.7639*\10.7639/
\MITAREA
1

500

10 , : o
215 - 2 .

£ 2

22

$21 L s
R-value for Ad -
K-sam/W\3. 6745*\5, 6745/
\MITAREA -

- 0,0

-+

[N

:‘:’f‘ g

i T



10.0
3.0
#22

23

#22
Area A5
\' .

sqm/10.7639*\10,7639/

\MITAREA

1
500
10
#23

24
#23

- R=value for A5 .

K-sqm/W\5.6745*\5,6745/
\MITAREA ~

0.0

10.0

3.0

25
#24
Floor R=value

K-sqm/W\5.6745¢\5. 6745/

\FLOOR-R
0.0
10.0
3.0
$25

22

$25 .

Eqv Floor resistance to out51de

\EQUIV-R
DMI -

D V
$26

23

\DDefault Calculation\MSet t4 maximum R=25\Iset to minimum R=2
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Apbendix B

Listing of the GENERAL.EXP file,

\V
—
-
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GENERAL,EXP****
>NAME£< N
=
NAME should be a unique name for the house that is being
audited, e.,q., "John Public", Up to ten letters or symboié may bé

Eg

used, It is used by the program to identify the house,

)

CiTY is the name of the nearest availablé city. Weather data from

this city is uséd in the calculations, A list of cities is displayed

in the upper right hand‘corner.

]
P

>LAT< ' : ‘ ) e
3 ' / = s

i . : 3

LATITUDE is the_,iatitude of the location of the house being

¥

audited, It is used to calculate horizZontal and vertical solar

insolation, Pressing Ctrl-D will give the, latitude of the city you

o
choose, . \\\\\
>AZIML , (

‘ 3

" !

AZIMUTH is the compass direction the house faces. It is used to

calculateljthe solar energy which falls on each window and wall,

‘Depending on the house orientation, enter:
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0 'If the North wall of the house Faces exact%y North.
\,

10 If it faces 10 degree East of North.
=20 , If it faces 20 degrees West of North.

>SWING<

The Indoor Temperature Swing is the perceived float in the indoor
temperature, X suggested value is 2.75 deg-C. This inform@Eigimis
used to calculate Solar Utilization factors,

4

>ALTITUDE<

The altitude or elevation of the house above sea level is
required, It 1is used to correct the density of air for the
/}nflltratlon calculations and for the calculatlons which 1nvolve air

himidity. Pressing Ctrl-D gives the altitude of the weather statlon

of the city you choos?. ' ' \ ¢
STHERMOSTATS y
: 4
‘ N © Thd type of thermostat shows if your thermostat controls

-~

heating, «cooling , both heating or cooling or neither, This

information should be visible on the thermostat itself, For example
\/_ %

it might havéf two pointers on the same scale, one marked "Heating”

and the other g;rhed "Cooling” o
R R ) I

an?
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>SETTINGS | } 3
‘ '.,,’g .

L]
-

The thermostat seEting is the setting’you set on the dial., Day
and” night settings can be different and so can heaﬁing and cooling
settings, If you turn the heat off at night eﬁter the lowest
permitted setting as the night setting.

.
>TEMPERATURE<

Voo,

1f you don't have or don't use a thermostat enter your estimate

-

of the average temperature in your house in winter or summer,
>FLOOR AREA< = . ° : ’\'\./‘\\\

Floor area is the heated or cooled living space..A two-storey

house with 2 floors of 750 sgft. each would therefore have a floor
. %

‘ -

area of 1580 sqft. Include the basement area if it is heated.

” I < ) -

T .ﬁr‘- '
>THICK< SRR , '

> . .
'{'b’- . - ) E4 X
Ingut“the thickness of the floor slab just abqvgdfgg soil, .-

4.e. ‘the thikness of the slqg:?ﬁ—grade. You should input this value

. . ‘“' N
even if " you are modelling a full Qéﬁsemen&r o;\\cgéf}space in
L " . -

'SUBFLOOR'.. If you have chosen o model a Basement or a.Crawlspace,

- _ SUR
- then input the thickness of the'floor'slab above the basement.

A . | , -
N \ . I
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>SAVSOILKL

. A
iy, - . ’ Input the value of the average soil conductivity surrounding

the Basement, or the soil conductivit§ beneath a slab-or~grade floor.

f

SBCOND< =
_ ~
0 1

A conditioned basement is maintained at a particular

‘temperature, This basement space is solicited as user-input under

w

'SUBFLOOR' component.
. 'Tfkter 'Only' refers to the months assumed to be heating by the

program, In this case the summer basément space temperature is taken

7N
to be 10 deg C. E Lo

.

_ !
' Summer Only" refers to cooling months as decided by the /program. In

this casp thexqﬁinte: Basement space temperature is assumed to be 10

"
Ll
f

o

_ ' - 3;4
. N ! .
'Unconditioned| All ggér' megis that the basement spacg/Eemperatuqe is

i

e {\ L .
~ "Fﬁggﬁr cohtrolled, However the user 1s'/requested to input the

~—) uhconditioned space temperature under 'SGEFUJDR'. A suggested value

A

is 10™eg.L. / .

!
Y, - ‘ éii

"% R . . [N o~
I SMASS< ' K7 . -

LS .

-4 : i | N\

=

—

House mass is related to the weight of.the house that can
store. heat, The greater the MASS, the more sluggishly the house

behaves, i.e, the -longer it takes for the house to heat-~up or cool
" . R - 4 ! .

At

- ™,
: N

-7
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down, The three options available are:

Heavy : Concrekte construction with massive walls,
Medium:. Light concrete structure or concrete structures

wherq masonfy is shielded by panelling or rugs;.
Light : Wood-~-Frame constrﬁction.

S

/

’l

>SUN STORE<S

The SOLAR STORAGE FACTOR is the ability of the house to
store daytime solar heat for release during the night. It is
calculated per unit floor area. Concrete or brick floors without

/

carpets (at leasijﬁﬁere the sun hits) have the highest solar storage
_factor. ' . — I

e
—‘1
‘ If you press Ctrl-D the computer will give you a defauit
N : . . ‘ :
value based on the HOUSE MASS you chose earlier.
X >TMASS< , R o

L4

. _ , &
The\SPECIFIC THERMAL MASS is the ability of the house to

absorb or release he (or "coolth") during a thermostat setback.

-~

floor area. The value is h{ghest for magonry.

-

It is calulated, ger uni

b B ‘\""'“ ’ )
o construction, especia}} indoor surfaces not shielded by carpets or

B \'.fj , @

i wood panelling. ' }S
. A . o
LN .
. . .
e : A



’

1f you press Ctrl-D, the computer will give you an estimate

: N,

of this parameter based on your earlier choice of HOUSE MASS.

.
¥4
T
~
Q — 4
L?“- & N * <
.o
. ~a
o o
B
B
- T
/
;
c
b
N\

Cy
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Appendix C
. s
Screen Management Procedures

Sl
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CreateDisplay
. \\ . & Cco

Functiony To create a virtual display and return an identifier, DiwsplD,.
by which the display will be 1dent1f1ed in the callihg program
and other subroutines.

When a diSplay has been created, it will not be visible on the
terminal uptil it is "pasted"” on the terminal screen by calling
+ PasteDisplay. It is possible. however, to write to a display
' while 1t 1is not visible by calling WriteToDisplay. The
display may be wade visible at any  time by calling
PasteDisplay. It may be removed from the screen by calling
UnPasteDisplay. A display may be erased, whether 1t 1% visible
or invisible by calling EraseDisplay.

\\.\/

Calling Sequence:

call CreateDisplay(DispID,Rcws,Columns,Border;Label,Rend)
or

call CD(DisplD,Rows,Columns, Border,Label ,Rend)

- -
¢ ‘ Y Input Argumentsi -
E Rows {integer} . - number of Rows 1n virtual display
ay Columns (integer: - = number of Columns 1n virtual display
v Horder . {integer? - cantrols drawing a border around - the
display:
¢ - no border 15 drawn
: 1 - a border i1s drawn
Label scharacter: - label to appear at the top of the virtual
display. Enter *NIL® 1+ no label 13 to
appear. :
f%“ Rend ~ {character’; - characteristics of the label 1n any combi~—
] = nation, any order:
u £ . : B0 - BOld

BL - BlLinking

RE - REversed

UN ~ UNderlined ‘ _
Enter “NO° if narmal screen characteristic
is to be used.:

: pugeytlﬂrqumentl

RisplID {intege*’ - identification of virtual display J;:;h is
' created. DisplD 15 returned for future use
of thys virtual display such as writing,
T pasting, erasing;— etc,  Since it is an
- outputy it must(ﬁot be a canstant. Instead
it must be a-declared or 1mplicat 1i1nteger
variable 1n the call ng program,

-

T : : ‘ Lo N



Example:

integer disl C::\

call CreateDisplay(disi, 22, 78, 1, "Main Display’, °*REBEQ*)

CreateDisplay
cD .. '

<

——

..__ p

This ezample creates a virtual display, identified as disi. It will

be the size of the screen with a border and a label

in reverse bold.

173
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. (
DeleteDisplay
DeD

Functiont To delete a virtual display from both the screen and memory.
After a display has been deleted, 1t cannot be used by any of
the other subroutines with the exception that the same DisplD,
may be used again to create a new version of the display.

Cailing Smquences - : ' ) ' -

call DeleteDisplay(DisplID)
or
tall DeD(DisplID)

: Coe ]
Input Arguments : [ , N ﬂ
DisplID {integer} - i1dentification of virtual display to be deléfﬁd v
Examples
. N .
» call DeleteDisplgytdist) . . . >
4 N - E__k.

This call would delete the virtual display disi which had been pre-
viausly created . . Te— : ' (
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EraseDisglay
ErD

Functiont To erase an entire virtual display ta blanks. The display may
bg visible or. invisible when it is erased. ~ After erasure, the
display may still be used for writing since it has not been

deleted from memory.

Calling Sequence: -

call EraseDisplay(DispID)
or v
call ErD(DisplID)

Input Argument:
J' -
DisplD " {integer} - identification of virtual display to be erased
v
Examplet
* b
call EraseDisplay(dlsl) \

This erases the display disl to blanks. 1t does not delete 1t fraom

memory or change its visibility.

4
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S _ ' ° EraselLines
‘ Erti
Functiont To erase selected lines af a virtual screen to blanks
Calling Sequencet .
call EnaseLines(DispiD,start.end)%7 ) [
or
- call ErLi (DisplD,start,end) .
Z @/ Input Argumants: ) )
S - DisplID {integer} ~ identification af virtual display
: : start - {integer} , - virtual display row pumber of first line to
erase 3 " #
end {integer} - virtual display row number of last line to
- e — %S\-‘ erase - a
s : L ¢ .
‘ Examplei ‘ ot I

’ . : -
. - -

call Eraselinesidisl,2,?)

This erases lines 2 to 7 (rficlusive) in the virtual disé?ay disl.

.-

e .



. Gethey "
L. . . Bek ' -

Functiani Returns the integé;.value of a keystroke. It 18 not necessary

c

Output Arguments: -

to press the RETWRN kEy. Shifted keys and all control keys are
accepted, exce BACKSPACE which 1s 1gnored.

alling Sequence:

call GetKey(ii) ' ‘ ' -
ar
call Gek(ii)

Y

%
X

ii " {integer} - jidentification of key which has  been
. . pressed.: X ) ‘

W,

/I* the key which was pressed 15 on the main keyboard on a VT-240 termi-
nal, the returned value for ii will be the normal ASCII equivalent value
for the key, including shifted or unshifted values and control key
sequences. The normal system defauwlts for control key presses will
apply. Thus, pressing. <CTRL:Y will 1interrupt the program. Far tey
presses on the rest of the keyboard, the following values will be
returned:

Key Pressed ii key Pressed 11 key Fressed 11 '
: : L |
DELETE 177 | Fkeypad ENTER 270 | FI1Z 293
‘ -1 Keypad - 27t i Fl4 294
" PF1 256 | HKeypad , ~ 272
FFZ "257 | Keypad . 277 1 HELF . 295
PF3 . 258 | 1 DO 294
PF4 259 ¢ Up Arrow 74 ! ‘
‘ i Down Arrow 273 v FiL7. 297
Keypad © 260 | Left Arrow 276 ! F18 298
Keypad 1 261 | FRight .Arraw 277 | F19 - 299
Keypad 2 262 | . VOF20 300
Keypad 3 263 1 Fé 286
_ kKeypad 4 264  F7 287 ' FIND o1l
_J,~«<: ~ Keypad § 265 ¢ F8 288 : INSERT_HERE 312
Keypad & 286 1 F9 287 | REMOVE ~ 313
Keypad 7 267 | Fi0 - 290 ! SELECT 31
Keypad B 268 | F1) 291 | FREV_SCREEN 315
Keypad 9 269 1 F12 292 + NEXT_SCREEN 1
Examples

call Getkayflikey)

The program wllljhalt ufitil a key 1s pressed.; It will then return

the appropriate value 1n ikey to identify which key was pressed.”
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N ) _ HoldDisplay
HuD

<

Functionas To hold a virtual display while flashing a message at ‘the
bottom of the screen until .a key is pressed

Calling Sequancea:

s °

J :
call HoldDisplay(DisplID).

or
call HaD(DisplD)
~ \/\
Input Argument: ‘ .
 DisplID " {integer} - identification of virtual display
B . ‘ ) ‘K } : w
: N 1
. .‘I}. I h
'\’}x_\b&
: ) -
; . ) - .




.

. \.-

PasteDisplay
- {  Pab

Function: To paste a v1qtua1 display-bnto the visible screen

Calling Sequencen °

.call PasteDisplay(DispID,row,column} =
or : I

call PaD(DispID,row,éoluqn) !

WK
Inpqt Arguments

DisplD {integer} -Videntificatién of virtual display

- .

Raows {ihteger} - screen row number at which raw | of the. vir-
T ' . ~ tual display s to be placed

" BN
Columns {integer} - ;treen column number .at which column § af the
: virtual display is tp be placed

-

Examplen ' ‘ ‘ o -

call PasteDisplay(disi,2,2) -

This pastes the virtual display, disl, on the screen (to make 1t
visible) such that. the upper left corner of the virtual display 15 1n row
2, column 2 of the screen.

- -

179
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PaleﬁplaQ
FoD
Functionit To .delete from the screen and from memory the selected virtual
display, and all wvirtual displays which were pasted on the
screen after the selected display.

-

t

Calling Sequencer ~

call PopDisplay(DisplD)
or }
call FoD(DispliD)

*

Input Argument:

DisplID {integer} - 1dentification of virtual display
Examplep 3
call PopDisplayi(disl} *

This will delete the display, disl, and all virtual displays pasted
after it. . : . )

]

&

v



-\\ Functiont To access a speci%ied'help file,

foo )

N PR

Pr&
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PrintExplains

overlay the whole screen with

information from the specified Section and SubSection, and wait
for the user to read the screen.

Calling Sequence:

ar

AY

call PrintExplains(FileName,Section,SubSectian)

call PrE(FileName,Section,SubSection)

Input Argumentsi

FileName

P

Section

SubSection

Examples

L4

{character}-

{character:i-

L

{character}-

¢ .

name of the help file to be used. The help
file must have an extension .EXF; haowever
the non-extended " name must be supplied to
the subroutine. @ For example, 1f the help
file, EXAMPLE.EXF is being used, FileName

would be 'EXAMPLE®.

name of the Section within the help file to
be displayed. Within a help file, Section
names are enclosed in > and ¢ at the
beginning  of otherwise blank l1nes.
PrintExplains searches for the first

occurrence of the specified Section

identifier and displays the text information
up to the next Section identifier.

name‘6+ SubSection within a Section. Tt 18

possible within a Section to first display
comman text material for the Section, and
immediately following this, to display
information starting at the first subsequent

occurrence af the SubSection identifier and

continuing on until the next subsequent
SubSection or Section identifier.

=

call PrintExplains{’EXAMPLE", "SECOND’,"A")



@

The help fi1le, EXAMFLE,EXF, might be as follows:

- JFIRSTY )
Some lines of text could be here.
. h's '

There could be sany of thes

. -

The display will be held for reiding after each page.

-

)SECONDX .
This comson saterial would be displayed by the call given 1n
the exasple, -

End ot comaon saterial.
‘ M( .

1+ the SubSection arqument had been 'B', then this would te
displayed after the comson saterial.

13 -

pran

*

End of SubSectian B

p1:1¢

Since the SubSection argueent was 'A' this will be displayed
instead, ' ‘
YTHIRDC ‘

Some common material.

W ‘ . T
Soae SubSection aaterial

¢
Sose other SubSection.
JENDL

e 182



" Calling Sequence:i

-

'~Realesplay'
ReD

Functiont To read text from the current cursor pos.tion 1n a specified
virtual display to the end of the current line

-

cal;lReadDisplay(DispID,text) =
ar

cali'ReD(DispID/text)
Input Argument:

DispIDV {integer} - identification of virtual display

Qutput Argument:

It

text {character) - text to be read from virtual display and to
* be returned to the calling program s

‘Example: -

call ReadDisplay(dist,text) . _ —
o X ‘ .
This will read text from the virtual display at the current cursor
position to the end of the line.

,~
-

183 °
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Function:

-

Calling Sequence:

call WriteToDisplay€ i;pID,text,row,column,Rend)

184

WriteToDisplay
. WD

-

To write text to a virtual didplay-in a specified location with
a specified rendition ' o

= “

e R -
: 7'.';;;-', Q:, . - iq

—

or
call WD(DispID, text,row,column,Renhd)
v ) . . ,.)
Input Arguments: ' 4 ¢ ; .
DisplD {integer} - identification of virtual display
_ Eext (characﬁer}ﬁ'text to be written to the virtual display
TN . . . .
Rows {integeri\~€_row within the virtual display at which
) ‘writing is to begin
Columns 7{integek} - column within the virtual display at which
writing is to begin
.v “ Rend ° {ihtéger} - éharacteristics of text in any combination,
' any order:
~ B0 -'BOld
y e B{. - BLinking
- RE. - REversed
. ' UN -~ UNderlined
' Enter "NOR’ i normal screen charac-
teristic is to be used.
L—
Examplel . w7

call WriteTaDisplay(disl, apple’,4,2,’NOR’)

-

This writes the word 'apple’ in normal type:at row 4, column 2 of the
virtual display, disl.
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: UnPasteDisplay
yar* ; UnPaD

Functiont To remove a virtuél displaf from screen without deleting 1t

fram memory. It may be re-pasted at a different {(or the same)
positian at a later time. .

Calling Sequence:

call UnFasteDisplay (DispID) . N
or : ,
call UnPaD(DispID)
I - | .
Input Argument: : . )
DisplID {Lnteégr} ;’ideﬁti(ication af virtual Hxsplay
Examplen

-

call UnFPasteDisplay(dist)

This unpastes the virtual display, disi, removing it from the screen,
without deleting it. It can then be moved, re-used, etc.
] -
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Output Arguments: .
Memory {character}- code letter for item which has been selected
’ from list
Answer {character}- text of item khich-has been selected fram ﬂist
G .
Example: . -

-

character anslist!“ﬁzésgg}aultansletti, memoryanslet¥!, memoryansi30
1 PosAnsLst(13)x24 t} quest$38,- answer¥38

integer maindisplay, defaultdisplay

testquest='Type of comp.......... 7

anslist="\GGas Furnace\LGas Boiler\FDil Furnace\’//

i ’BOil Boiler\HHeat Fump\UUnit Gas Heater(s)\’//

! ’EElectric furnace\RElectric Baseboard\SStove(s)\’ //
1 ’NWnod Burning equipment\NNone\’

PosAnsLst( 1)=’FERS"’

PosAnsLst ( 2)="QWHNFERS” ’ # R
defaultanslet = 'E* . ’ -
memaryanslet = 'W° ‘ -

¢ create maindisplay

cal?t creatErDisplay(maindisplay, 22,78,!, ’Current Values v "BOld*»
call PasteD:splay(ma1nd1sp1ay,_,-) *

doi=14,2
call ND(ma1nd1splay,testquest¢;+4,_, NOR*')

call SelectAnswer (defaultdisplay, -
anslist, - 5

detaultanslet, . '

mgmoryanslet, '

answer, .

PosAnslst (i}, 'HVACSYS® , "HEATING™") A

[ N & =

call WD{maindisplay,answer (1:index (answer,’ =1, -1+42, 39, PNOR)

end do , ' ‘ )
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SelecEﬂnswer
/

Shaus a selection from a éupplied'set af text-strlngs.jf-Theéa

are shown ‘in an automatically sized wWindow in the left hand

.corner of the screen. A small window at the bottom of the

Calling Saq

call
1 Pos

Input Argumentss

DisplD

BufAns

Default
N " 4

PosfinsLs

FileName

Secticn

screen gives terse i1nstructions for use of the keys to - obtain
help and to select an answer ¢from ‘the displayed list. When the
choice has been selected, it is sent to the calling program and
the two windows disapdear by_being deleted’ - “

s

uencet

- pr. - d;
Selectﬁnswer(stpID BuffAns, De+ault Memory, Answer,
AnsLst, FileName, Section) 2 //?

{integer} - identification of ?1rtua1 display

{character}- list of possible text strlngs!to be displéye&.
Each item in the list must begin with a back
slash followed by a code letter which i1s  then
followed by the string which 1s to .be dis-
played on a single line in the windaw. The
final 1tem in the list must be +allowed by a
back slash.

-
-

~

{character}-—cade for default answer i1n the list. This
1tem would be chosen from the displayed list
by pressing <CTRL:D.

t {character}- list of code letters fram those appEHflng 1n
BufAns. (Buffns may contain more text sfrings
than are required in the list to be actually
displayed on the screen, The actual selection

~ is made by specifying the cade letters 1in
\ PosAnsLst.) o
{characterl- name of the HELF file to be used when the HELP
key is pressed. The file must exi1st and have
an extension .EXP-. (See PrintExplains for a
descriptiaon of help files).

"{character}- name of the Section within the help fi1le which
is to be displayed when the HELP Vkey is
pressed. . (See PrintExplains for a description
of help files). ]

I .
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Appendix D
Sample HOUSE.DAT file listing

for CASE 2

a \/
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Sample House.,dat listing &

House Name: Case 2
Location: Ottawa

Construction: Light

All nuweric values which apgear here are ‘stored in the variable
house val({kind=1 to 30 , 25). All charater values are stored in
house str(kind=1 to 30,25), The House,Dat.common block is defined as
-Common  House,.dat/house val(kind,25), house str(kind,25)/. This common
block is stored in a FORTRAN file called 'COM HOUSE,FOR', This Common
block and hence the House.Dat values can be activaéed in any FORTRAN
program by using th¢ INCLUDE specificatiom. X
. - ]
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Appendix E

- Variable List for the Data Compression Program,

COMP, FOR
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The following is a list of variables used in the COMP.FOR file. The
variables house str(30,25) and house wval(30,25) dre present in a
common block ‘'House.dat' and- this common block resides in a file
called COM HOUSE,FOR. All internal calculations within the program
are performed in British units, The f£inal answers are converted to SI
units before being dlsplayed on the screen,

_J?

REAL VARIABLES . Description

House,val(30,25) - Numeric house data

therm(2,2) ~ Indoor temperatures day/night
winter/summer (deg F)

rated_capacity(2) Capacity of heating and cooling
plants
@ -

rated_efficiency(2) _ Efficiency of heatlng and coollng

=4 units

distribution_loss(2) ‘User input loss (heatihg &
cooling) (%)

avgtmp(2,12) _ Monthly average day/niﬁht

’ temperatures from weather file

{(deg F)

wet_bulb(12) s o Monthly average wet’ bulb

tempétatures.- (deg F)
from weather file

Sky_loss(2,12) Radiated heat loss to
- sky from (Btu/day).

infil(2,12} Stack & wind sp§c1f1c 2
: infiltration (m™/hr-cm”)
~ from weather file

- Bprice(S) | - Economic data. Prices
Erafe(5) ‘ % Economic data. Rates of dlscount
‘ & Escalation
Eyear(5) Life of house:
EpvE(5) ' Present worth factor
Ebase(5) - Base prices.
totsa(Z}S) LS Accumulated total solar apertures

for heating/cooling and 5
directions (NSEWH)



sflux(6,12)
_sit_mod(5,12)
degree _day(2,2,3)

pvs(12)
indic(12)

S(5)

V{ii\
A(S)
R(5)

-
Qbase2{12)
Qbase3f12)

Obased(12)

Qbase5(12)

Obase_tot_month(12)

-~

b 199

-

Solar flux, Monthly values for 5
directions

b
"Medifiers for passive solar

routines -

degree-day coefficients from
weather file

Vapor pressure of water,
Heating/Cooling month indicator;

Stead; state basement loss shape
factor. )

Variable basement loss shgpe

- factor,

Areas of basement segments (mz)

' R—va%ues of basement segments

(W/m™-K) :

Basement heat loss thrdugh

seqgment 2, (Watts)

- Basement heat loss through

segment 3. (Watts)

Basement heat loss through
segment 4, (Watts)

' Basement heat loss through

segemnt 5. (Watts)

Total monthly,heét loss Erom
basement, (Watts)

Ground surface temps (deg C)

amplitude of first harmonic of
ground surface temperature(deg C)

Basement space temperature{ C)
Basement identifier,

#



diffuse(12)

Ovhg_mod (12}
osoh_mod(12)

ref_mod(12)
. \
temp(5,12)

latdec(12)

sin.dayangle(12)

eps_sky(2)

itype econ(5)

'+ req(6)

" typ_passive(5)
are;passive(S)
blegreen(5)
green_area(5)
sun-store
thermal;maés
lvespe_ht -
‘house_area
~a

totalla

totalua

Pl

200
Diffuse co néht of solar
radiatigpigpo =

Modifier for South window overhang.
Modifier used in the PSOVM routine.
Modifier based on ground
reflectivity

. n}’ , —

Values of solar flux coefficients
from weather file

Monthly sub elevations

»

Sine of day of year.
Clear sky emissivities day/night.

Economic info, Holds what fuel is
used for heating and cooling.

Component identifier.

Type of passive solar system.

Area of passive ;olar system,

Greeﬁhouse load coefficients,.

o~
Greenhouse area,

' Solar storage _factor. (unitless)

Thermal mass of the house
Height of living space. .

ared of house

leakage area for each component.

Accumilated leakage area Obtained
by summing leakage areas.

Accumulated UA-values from each
component:,



totallaceil

totallaflr

uvacei
uaﬁ%l

ho -
totalpsa
totalpsua

Xcollec

yeollec
rho,_gqround
swing
thi(;k
bar_press
bypassl
fan_flow

rhocp std

house_volume

iter’ class

ishld_class

201

Total leakage 'area due to. ceiling

{cm™)

Totil leékage area due to floor.
(cm™}

UA due to ceiling. (Btu/hr-FJ
UA due to wall,(Btu/hr-F)

Qutside air f£ilm coeEf Eor
convection Heat Transfer.

Solar aperture due to passive solar
system,

Total UA due to passive solar
system.

)

Dimensionless quantities used for
determining active solar
contribution to space heating.

Same as abgve.

Ground reflectivity.

Swing in indoor temp,(deg F)'
Floor slab thickness.(mm)
Pressure corrected for altitude.
Coil bypass factor, :
User;input fan flow rate
Product of specific heat and
density of air as a function of
bar press,

Volume of the house,

Terrain class of building
surroundings.

“Shielding class of surroundings,



alpha

gamma

cprime

sq fact
humidity_ratio {12)

]

free_heat ' e
ginfbal(2)

ginfinb(2)

abgua

Character variables

house_name*30
Occupant._name*30
City_name*30
Adjust_str*l
Usecol_str
syscol_str
Natvent_str
heat_ type*l
Cool_tyéé*l
foss_type*l
dist_type*l
Direction_letter(5)*1l

A}

dhw_type*l '

202
Terrain parameters Lﬁr
standard terrain classes.
Local shielding parameter
Solar gain Factor.

Humidity ratio of space.
&

Internal gains excluding solar

gains, (Btu/hr)

Unb@lanced infiltration Minimufl of
exhausts and supplies. .

Resultant forced infiltratiﬁh

" above grade UA value due to

basement:, :
Desérigtion
User input name for house,
Name of occupants.
City name,

Check to adjust results to
actual use

Solar collector
strings

Natural -ventilation (Y/N)
Heating type |
Cooling type

Fossil type

DisFrigEtion type

'NSEWH'

Y

Water heater tyt
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—_—

Shapé'ana Attenuation Factors for
Basement Heat Loss Calculations
Source: G.P, Mitalas,

,f’
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‘%: ﬁ
SEETION C:0 SOTL i eeta), cONpucTIVITY . % upper = 0.8 W/ (m.K); Kk lower = 0.9 W/ (m.X)
Insulation Sysrem Wall Segmenes \ Floor Segments
| o |" Top strip I ostrip
'-'--.'..-_ rruloetion just below' Boztom | adjacent Centro
Soll -] Concrote grude strip to wall
ut | noa2 n =3 n o= . n=>5s
N Rv3.52 21 5= 0.22 0.18 0.23 0.25
Ral.76 Va 0.2z 0.16 .15 0.10
| -_— Cs 0 0.6 2.4 0.5
e Red.52 22 Se 0.22 0.19 0.26 0.16
Rl 76 vs 0.22 0.17 - |9 0.15 0.07
’ - Ce g 0.6 2.4 0.5
L -R+3.52 23 o s- 0.23 0.19 0.16 0.18 °
Re1.78 V= 0,22 0.17 0.10 0.07
: . = 0 0.6 2.4 0.5
e L-R=3.52 24 $= 0.23 0.18 0.24 ©0.26
K /R=I 76 v= 0.3 0.16 0.13 .09
; (= . 0 0.6 2.4 0.5
25 . .
e |-Re3. 52 5+ 0,723 0.19 | 0.27 0.17
. /R-I.fé Ve 0.23 0.16 0.13 0.06
— e n 0.6 2.4 0.5
e LR*3 .52 26 Se 0.23 0.20 0.17 ’ . 0.18
. /R'i V74 Vs 23 0.16 0.09 .06
= (= 1 0.6 2.4 0.5
[
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Appendix G-1

Modified HOUSE.LOD file listing for Case 2

&



3

i

. CIRA enerqy dqta
21

1$0ccupants’ . Name
LIFE

™y

1$House name

Case 2

1l#House Area (sgm

109 .

l#House Volume (cum

266 : , - )
/

1city g : o~

OTTAWA - ‘

N /7;”—\\\\a

lilatitude (deg)

1#Altitude. (meters) ‘ : -

125 . . &

l#Azimath (deg)
0 .

1#Solar Storage Factor (unitless)’
0.22 )

1#Therml time constant (hr)
13,7953

1§Free Heat (W)
670,442

l#Moisture, (Kg.day)
1,9835

- 3% Building Load Coefficient (W/C): yearly/heating/cooling
80.4722
87.9405
73.0039

3# Conduction Coefficient {W/C): Total/ Ceiling / Floor
56,6769
12,1843
0.113606

34Leakage Area (sqcm) Total / Ceiling / Floor <
322,580 . - r\\//

210
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161.290 N
129,032

S#North/East/South/West/Hor1zontal December Solar access(%)
100,000 ‘

100,000 =

83.5427

100.000

100,000 —

- S#North/East/South/West/Horizontal June Solar access(%)

- 100,000 o
100,000, : : - ‘
44,2521

100.000

100,000

S#North/East/South/West/Horizontal heating season SA{sgm)
2.57936 S

0,121076

8.18879

0.12107E-01

0,.541762 e

-,
\‘

5#Nortn/East/South/Wést/Hor1zontal coollng season SA(sqm)
2.57936

0.121076

8.18879

0,121078-01

0,541762

S
4iHeating day/nlght thermostats(deqgC) Cooling  dy/night
thermostats(degC) '
21
21
26
26

ff

4#Yearly Electric Cons.(Kwh)/Cost{$} =-- Yearly Other fuel
Cons, (GJ)/($) . : :
3688.46
165.980
70,6572
374.400

Daytime Sensible Load
Dload

&J

i ¢

0.000001055
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\\‘ | \

0.129742E+07

769356 '

399855

116828

-96039.5 .

-830555

-858492 o T
~0,117796E+07

-500425 -
. -339931

270183 _ -
0.119901E+07 S

Nighttime Sensible Load
Nload
GJ
k. #
.000001055
0.337684E+07
0.252916E+07
0.184404E+07
8078990,
(.000000E+00 -
0,000000E+00
0.00000CE+QC :
~ 0.000000E+00 ‘ /
0.000000E+00 :
0.000000E+00 . . -
981107 ‘
0.280650E+07

Daitime HVAC on-time
Dayon

T . -
100 4
0.101731 . ‘
0.676658E~01 -
0.330263E-01 . ,
0.115843E-01"
0.166050E-01 \
0.149212
0.158757
0.204205
6.931967E-01
0.567858E~01
0.237614E-01 | -
0.942161E-01 o . -

Nighttime HVAC on-time - % -
Niton .

»

v



e

i35

100

0.259845
0.215933
0,143382 -
0.66376E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.800618E-01
0.216414

Space Cond. Enerqgy Use,

SpEgy

GJ

s

. 000001055
'0,681883E+07
0.483551E+07
0.333032E+07
0.142406E+07
~-58308.8
-565396
-648326
-819319
=324225
-187840
0.189666E+07
~ 0.586383E+07

Infiltration
Infil

ac/hr

#.44

[ I

(.375589E-02

101.327
99.2696
89,2992
74.4679
59,2587
46.8873
33,2205
33,1831
48,1351
59,9200
75.3436
97.6057

i~



Qverall gas use

Tgas

Bhas

1E-05
0.103863E+08

- 0,807661E+07«

0.694754E+07
0.495025E+07
0.366472E+07
0.354650§£9%
0.366472E+07
0.366472E+07
0,354605E+07
0.366472E+07
0,541614E+07
0.944497E+07

Overall Elec
Telec
Kwh
fi#i
.9291E-04
916358
808802
866602
812990
877410
0.135808E+07
0.146743E+07
0.163842E+07
0.111690E+07 "
0,100694E+07
19731
902737

Use

Indoor Dew Point

DewPt
deg C
#a4.#

-11.7992
-8.12101
~3.47064
1,74628
7.42444
10.9785
14,9005
13,4412
11,3232
7.39551

214
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2,77344
-8.52635

Useful Solar Gain

Sgain

GJ

8 - I

0.00002532 -

118042

112396

115306 -

789442

67233.4

76527.7

63625.9

82736.1

83229.8 '

106525 - ‘ J
74685.6 -
98270.6

28235,7

25056,1 , ) . , -
22093.6 _ o e,
23305.8 :
23754,1

26733.3

26827.2

28442.7

var, Base Degree days
VEDDY

C-day

#idd

619.860

440,719

311.690

136.494

-15,1474

-138,754 , ) . _
-153,444 v
-210.585

-83,1061

-53,4595

184,016

538,068

Space Cohd. cost ‘ '
Spces : : ™



-~

. 4

38,1190
270317
18,6173
7.96086
0.768569
7.45249
8,45858
10.7994
4,27361
2.47591 .
10.6030
32,7806

Overall Gas Cost

Gas$

i
0.559025E-05

0.103863E+08 ™

0.807661E+07
0.694754E+07
0,495025E+07
0.366472E+07
0.354650E+07
0.366472E+07

0,366472E+07

0,354605E+07

0.366472E+07

0.541614E+07
0.944497E+07

Overall .Elec
Elec$

HhFF ~

0.13181E-04
916358

- B08802

7866602
812990
877410
-0.135808E+07
0.146743E+07
0.163842E+07
0.111690E+07
0.100694E+07
819731
902737

Cost

0!

%

216
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mffectlve Temperature (day)
Teffd

deq B

fiv.0

11,706

15.838 :

20,590 <i\\
26.277 .
22,968 _

33,678 : : ,

34,660 ‘

37.814

29,557

26.529

21.390 \x““==
11,944 '

Effective Temperature (nght) - M
Teffn
Deg C ™

.5 ¢ ) ‘\lix_ﬁ
~4.692

0.951 . :

9,326

16.429 - : A
14,873 ‘

19,511

21,976

21.605

18.483

15.565

14,920

0.545 r

*\

. NOTE THE VALUES, FOR BASEMENT LOSS ARE 0.0 IN THIS CASE BECAUSE THE

SUBFLOCR IS OF SLAB-ON-GRADE CONSTRUCTION

Basement LosS

Bloss

GI .
R4 # 'y
.000001055 :

.000000E+00
0%QB80000E+Q0
0.000000E+00

0. 000000E+00
0.000000E+00
0.000000E+00Q
0.000000E+00
0.000000E+00
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0.000000E+0Q0
. 0.000000E+00
.0.000000E+00
0.000000E+00

Solar Util Factors
SolUr :
3
it
100
0.967
0.954
g 0,931
. 0.886
0.000
0.000°
0.000 ~ NOTE: Sclar Utilization factors are not calculated
0.000 for cooling months.,.
0,000
0.000
0.926 .
- 0.968 :

k-

Available Solar Gain
avsol
&J
L
..000002532 '
122061 5
117787 ‘ =
- 123818 »
89093.5
67233.4
76527.7
63625.9 ‘ )
82736.1 _ : R
83229.8 . 3
106525 ’
80573.1
101427

%3
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Appendix G-2

Sample Listing of the Related Data.Pri;n file

-
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Sample Listing of the Re&ated Data.Pri File

Y

RBEAP ENERGY DATA

Occupants Name:

House Name:

House Area (sqm):

-House Volume (cum):

City:

Latitude (deg):

altitude (meters):

© Azimuth (deqg):

Solar Storage Factor (unitless):

100.000

Thermal Time constant (hr)}:

Free Heat (Wj:

Moisture (Kg/day):

LIFE
Case 2
109.0000
266,0000
OTTAWA
45,0000
125,0000
0.0000
0.2200 -
13,8148
670,442

1.9835

Building\ Load Coefficient (W/C): Yeérly / Heatiné / cooling:

80.3856 /87,2869

72.8903

Conduction Coefficient (W/C): Total / Ceiling / Floor:

56,56 12.18

0.00

Leakage Area {sgcm): Total / Ceiling / Floor:

100.000

] -

83.5427

322,58 161,29

100.000

129,032

T : . ~
North/East/South/West Horizontal December Solar access (%):

100.000
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Noréh/East/South/WEst Horizontal June Solar Access(%):
100.0000 {ip0.0000 ~~..44.2521 100,6000 100,0000
North/East/So&th/Wést Horizdntal héatiﬂg season SA (sqm):
2.5794 0.1211 8.,1888 O.IOél 0,541
N@rth/East/South/Wést Horizontal cooling séascn S (sam): ,
| 2.5794 " 0.1211 8.1?88 0.1021 0.541
Heating Day/night thermostats {(deg C) Cooling day/night thermostats:
21.0000 21,0000 . ’ 26,0000 26,0000
Yearly Electric Cons.(KWh)/COst  {$) —~- Yearly other fuel
Cons. (GJ) /Cost. ($): o |

3681.76 . 165,6790 68.7318 1364.1970
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appendix H

Var iabalj‘yii‘t for the
Calcul on- Program, CEGY.FOR
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The following is a list of variables that appear in the Energy

Calculation Program,
program - calculations,

CEGY,.FOR. The units are the ones used in actual
The variables are converted to SI units before.

finally appearing in HOUSE.LOD and 'Graph Data' (Tabular Display).

Real Variables:

Name

tempav (12)
tend(2,2}
tavg(2,2)
sol_gain(12)
qinfil(12)
‘efftemp(z,lz)
blc(12)

dd(2,12)
1d(2,12)
plr{2,12)

energy(2,12)
phi3(2,12)

store_max(2)

rfossuse(12)

relecuse(12)

¥

ler (12}
slr(12)

Description

Average Daily Temperature
(deg F) ‘

. Heating/cooling end temperatures

(deg ) N

Heating/cooling average
temperatures, (deg F)

aAverage daily solar gain from

‘Solar apertures and fluxes

{Btu/day)
Infiltration (ft3/min)

] Monthly day/night effective
_temperatures, (deg F)

Monthly'building load
coefficients. (Btu/hr-F)

- Monthly degree days/nights
Monthly loads day/Night, (Btu)

Part load ratio for systems

The value that appears in Spegy
(Btu}

The fraction of the 'On-time'
for HVAC systems,

Amount of heat stored/released

Fossil use (wood, oil, gas etc)
{Btu)

Electric use (Btu)
Load collector ratio,

Solar load ratio,



ssf{12)

fchart _heat (12)
Echart_wa;r(lZ)
del_humidity. ratia_in(2)
_taulz

ell2
me

ihc

sun_fact

B

Active solar arrays.

Active solar arrays

Active solar arrays.

Indoor humidity ratio change.

Thermal time constant. (hr)

4 224

Temperature drop parameter as a

function of taul2,.

Mass f£low through codling
unit, (1b)

heating/cooling section flag

Modified solar storage factor.

<
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Appendix T
Variable List for
The Plotting Program

-GRAPH HOUSE,FOR

-
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A
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The following is a 1list of variables vsed in the plotting program,

GRAPH HQUSE,FOR,

Integer Variables

NAME

Pastebd
Main

R LS
dis_insert

dis_long

dis_data(100) -
dis_message

saved-dis

cur_pos

old_cur_pqs

Cor(8) ™

oldcol(8)
graph_num(4) -
num_files

.Character Variables

N

shor£ (100)
Long(100)
unit(100)

form(100) -

DESCRIPTION

Pasteboard Identifier,

Display Identifier

Display identifier
window.

Display IdentiEier
window,

Display identifier
Display Identifier

Display Identifier
graphing. ‘

for

for

for

for

for

for

by

main display

'insert column'

'Long Names'

£

data item display. .
pLay

el
satved display when

~

A eis
Cursor position on screen.,

0ld cursor position,

Pata displays to be,pasﬁng Eight columns
for each screen display,

Data display to be unpasted.

Number of variables to-be bar graphed

Number of Eiles in Hodée.Lod

Description

Short names of data items,

Long names of data items

Units of data items,

Format code for data gtsg;f

4

w



cur_type(5)

pos_ans_list
ﬁormula

Months

227

Rendition of scrolling cursor, Reverse,
Bold, Underline, Blink or combinations.

Possible answer list.

Character string to hold formula,

Character data for name of months.



v ' 228

Appendix J-1
CIRA Input Listings for the
Passive Solar Ranch House (Case 1)

~

iy



Cufrent answers for GENERAL named Casel:

RGN TIOM@OY O
gt e i Yt et et ot Mgl Nt Nt Nl St

NAME of this house......
What CITY . uuunne
AZIMUTH of north face {(degrees)....

What type of THERMOSTAT...:-cuvrrrrnnes
Heating THERMOSTAT setting (degF).....

Heating NIGHT getting (degF)..
Cooling THERMOS:AT setting (degF)...
Cooling NIGHT

Total house FLOQR AREA (sqft)......
House MASS.....% veenee ans

Y) < DELETE this Component >,
Z) < Changes COMPLETED >.

Which menu ITEM(S)..

s

4

’

/

. . ! \(/
Current answers for WALLS named Front:

TR LHIOTMED O
B R N il

\

NAME for the following walls........

-----------------------

tting (degF)....vvvvn

-------------

Solar STORAGE factor (unitless)......
SPECIFIC THE%MAL MASS (Btu/quft).m..

H

'Partiﬂﬂd “Nl
'0' degrees

OTTALW A

A~

'Dual heating & cooling'

70" degF

'70' degF

‘80" degF

'80' degf
'1176' sqft
'Light'

'.22' unitless

'1.79' Btu/Fsqft

-

? 'Front’ .
Which wall ORIENTATION .. v evronneesss ? 'South walls' -
Wall TYPE..... rrerirsenans srnretnaaa ? '"Two by Four Frame'
Walk\INSULATION..................... ? 'Fiberglass batts'
Insulation THICKNESS (inches). .7 '4' inches
INSULATABLE wall THICKNESS (1nchps) .7 '0'" inches
Exterior INSULATING SHEATHING......... 7 'None'! .- '
Wall R-VALUE (F-sqft/Btult).... cvevvaun ? "1y F-sqft/Btuh
Wall AREA wo/ windows & doors {(sqft)..? '173.14' saft
No. of WINDOWS (No.}........ Pereranee. ? '7' No.
No. of VENTS in wall (NO.).esveersss. %7 '"1' No.
No. of other PENETRATIONS (No.). .7 '1' No.

Specific LEAKAGE ARFA (sqln/sqft).....? '.048481' sqin/sqft
Y) < DELETE this Component >...
Z) < Changes COMPLETED >...

Which menu ITEM(S)...veseecs ceesrranes?



e
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Current answers for WALLS named Right:

A ) NAME for the following walls....... ...7 'Right!

B ) Which wall ORIENTATION ............. ? 'Rast walls'

C ) Wall TYPE.,....0huuns. h e berreaeas ? '"Two by Four Frame'
D ) wWall INSULATION ...................... 7 'Fiberglass batts'

E )} Insulation THICKNESS (1nches) ..... ? '4' inches

F )-INSULATABLE wall THICKNESS (lnches) .7 '0' inches

G ) Exterior INSULATING SHEATHING. ....? "None'

H ) Wall R-VALUE (F-sqft/Btuh}........... 72Ny F—qut/Btuh

I ) Wall ARFA wo/ windows & doors (qqft) W7 2240 sqft

J ) No. of WINDOWS (NOo.)uvswwusns ieseraeaan 7?7 '0' No?

K ) No. of VENTS in wall (No.)..... essena ? '1' No.

L ) No. of other PENETRATIONS (No.)....... ? '1' No.

M ) Specific LEAKAGE AREA (sqin/sqft).....? '.0154378' sqin/sqft
Y) < DELETE this Component AN

Z) < Cu‘““&S COMPLETED >,
Which menu ITEM(S)..cevvensrnvecrsanee?

&

Current answers for WALLS named Rear:

A ) NAME for the following walls..........? "Rear'"

B ) Which wall ORIENTATION......eeivesssa.? 'North walls'

C-) Wall TYPE.veurietvuunnnoonaennnnns +++v:? 'Two by Pour, Frame'
D ) Wall INSULATION.....cuovsrseornssensess? 'Fiberflass batts'
E- ) Insulation THICKNESS (inches).........7? '4!

F ) INSULATABLE wall THICKNESS (inches)...? 'O’ ! ,
G ) Exterior INSULATING SHEATHING......... 7 'Non -
H ) Wall R-VALUE.(F-sqft/Btuh)............ ? Y13 F-sqft/Btuh

I ) Wall AREA wo/ windows & doors (sqft)..? '293.28' sqft

J )} No, of WINDOWS (No.)....vveveennnnns ..? '4' No. '

K } No. of VENTS in wall (Nb.)............? '1' No,

L } No., of other PENETRATIONS (NO.)....... 7 '1' No. '
M') Specific LEAKAGE AREA (sqin/sqft).....? '.0245452' sqin/sqft
Y) < DELETE this Component >... -

Z) < Changes COMPLETED >... ' ' “)

kN

Which menu ITEM(S)..........:....7({..?'
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Current answers for WALLS named Left: - <
e o A
A) ﬂhME for the following walls.......... ? 'Left'
B ) Which wall ORIENTATION.,.....c0enrs... ? 'West walls'
C ) Wall TYPP.u.vnnrevnnnnnsnnnns Feerr e 7?7 'Two by Four Frame'
D ) Wall INSULATION.........00c.. TR ? 'Fiberglass batts'
E ) Tnsulation THICKNESS (inches)......... ? '4' inches
F ) INSULATABLE wall THICKNESS (inches)...? '0' inches
G ) Exterior INSULATING SHEATHING......... ? 'Nane'
H ) Wall R-VALUE (F-sqft/Btuh)............ ? '13' F-sqft/Btuh
T ) Wall ARFA wo/ windows & doors {(sqft)..? '224' sqft
J ) No. of WINDOWS (No,d....vvuiannsn vee-.7 '0' No.
K ) No. of VENTS in wall (No.)....vvennnn +?7 '1' No.
L") No. of other PENETRATIONS (No.)....... ? '1' HNo.
¥ ) Specific LEAKAGE AREA (sqln/sqft) ..... ? '.0154378' sqin/sqft
Y} < DELETE this Component >,
Z) < Changes COMPLETED >,
. . ‘
%ﬁ% Which menu ITEM(S).vevivverieannensees?

Current answers for WINDOWS named Front: K

A’') NAME oft the following windowsS.........7 'Front'
B ). Which window ORIENTATION............ .7 'South'
C ) Window TYPE....ocuivinuivnibunnnnnnans 7 "Double hung'
D ) GLAZING, .....L.?ﬂ... ......... Ceeerra ? 'Double pane'
E ) DRAPES & SHUTTERS....... A ?.:'None'
F ) U-value (Btuh/sqft/F).vvevec.. veresses? ', 48" Btuh/sqft/F
G ) Average sash FIT.........veivuveressa.? 'Average’
S H ) Specific LEAKAGE AREA (sqin/sqft).....? ',0790502' sqin/sqfft
‘ I ) Summer SOLAR GAIN factor (%)..........?7 '71' %~
J ) Winter SOLAR GAIN factor (Z).....ce0us A 4
K ) Window ARFA (SQft)....vuvueecenans cee.? '82.82 sqft
L ) Overhang PROTRUSION (inches).......... ? '42' inches
M ) HEIGHT above top of window (inches)...? '2.76' inches
N ) Average window HEIGHT (feet).......... 7 '5.17"' feet
Y) < DELETE this Component >.,. - _
Z) < Changes COMPLETED >... ! ©
Which menu ITEM(S)..viivvervrorseessnes?
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Current answers for WINDOWS named Sslid:

|

" A) NAME of the following windows........ .7
B ) Which window ORIENTATION..... teeraanan ?
€ ) Window TYPE..... et arenrrenaaans vaaa?
D ) GLAZING...... reseressnrseren erariras vu 7
E ) DRAPES & SHUTTERS ... vovveenroosanrnnnnn ?
F )} U-value (Btuh/sqft/F).c.vuurneennnnnns ?
G ) Average s5ash FIT. . vvviennnreonncassonns ?
H ) Specific LEAKAGE ARFA (sqin/sqft).....?
I ) Summer SOLAR GAIN factor (Z)........ &S?
J ) Winter SOLAR GAIN factor (%#)Y.......... ?
K ) Window AREA (sqft}...veeeeennnss eeeana?
L ) Overhang PROTRUSION (inches).......... ?
M } HEIGHT above top of window {inches)...?
N )} Average window HEIGHT .(feet)...... veed?

Y) < DELETE this Component >...
Z) < Changes COMPLETED >...

Which menu ITEM(S) ... invvvrcorecocnnae?

Current. answers for WINDOWS named Rear:

NAME of the\59110w1ng windows,.... eeva?
Which window ORIENTATION........0u.... ?
Window TYPE. eereeasat ittt tienen ?
GLAZING. . ivstrvvrennscossoncesnnsennal
DRAPES & SHUTTERS ..t evvssnrnrnennons?
U-value (Btuh/sqft/Fl.eeenennersvenses?

Specific LEAKAGE AREA (sgin/sqft)..... ?
Summer SOLAR GAIN factor (%)..........7

R IIDMOMmMmMmDAOQD®P
L A RGNS PN P

Y) < DELETE this Component >.,.
Z)} < Changes COMPLETED >..

Which.menu ITEM(S) i e it inrnnnennesnans 7

s

Average s5ash FIT....civeennocneens cerea?’

Winter SOLAR GAIN factor (%)...... eaea?
Window ARBA (sqft)............ vererase?

B2

's1id’

'South’ -
'Horizontal Sliding'
'Double pane’

'None'

'.48' Btuh/sqft/F
'Average'
'4,650011E-02" sqin/sqft
71 %

7 %

'60,03' sgft

'42' inches

'13.5"' inches

'6.67' feet

'Rear’

'North'

'Double hung'
'Double pane'
'"None'

'.48"' Btuh/sqft/F
'Average'
'.0790502' sqin/sqft
'71 %

‘71t %

'42,72' sqft

~a



Current answers for DOORS named Front:

A ) NAME of the following doors........ ...7 'Front'

B ) Door TYPE...esuuuuvvunnnn. Criasrensecann ? 'Plain (Hinged)'

C ) Door MATERTIAL . .uuisiiverennrnnesnnnnsas ?7 'Woad Solid Core’

D ) Approximate glass AREA (%)..... cenaran ? ‘0" % :

E ) Any STORM doors......... e ssssvares? "Rome'

F ) U-value (Btuh/sqft/F)..vieenerrarannes ? '.4"' Btuh/sqft/F

G ) Door FIT........ et renan ettt ernan ? 'Average' ‘
H ) Specific leakage AREA fsqln/sqft).....?‘l4b29A501' sqin/sqft
I ) Door AREA (sqft)....... Crererenerraaas ? '20' sqft

Y) < DELETE this Component >... '

Z) < Changes COMPLETED >...
Which menu ITFH{S)... ...... Cereieeneas ? '

Current answers fur ROOF-CEI named Attic:

A ) NAME for attic/roof or ceiling........? 'Attic’

B ) Roof-Ceiling TYPE. cevesssesssssssad 'Unfinished attic'

C ) Insulation TYPE........... ............ ? 'Fiberglass batts'
D )} Insulation THICKNESS {inches).........? '6' inches

E ) Insulatable AIR SPACE (inches)........? '0' inches

F ) Ceiling R-value (F-sqft/Btuh)......... ? '25' F-sqft/Btuh

G ) Ceiling ARFA (sgft)....ivevveenesnn wees?T "1176" sqft

H ) No. of ceiling VENTS (count).......... ? '5' count

I ) No. of ceiling PENETRATIONS (count)...? '10' count

J ) Ceiling sp. LEAKAGE area (sqin/sqft)..? '4.0885398-02' sqinm/sqft
K ) BRoof PITCH (B).vuviviiivinsvonnsieanns 7 '22:62' %

L ) Roof top MATERTAL, . v.vveeenenrncannans ? 'Asphalt Shingles'
M } Roof ABSORPTIVITY (Z)....cvvueriunn X 795 T

N )} Attic VENTILATION (cfm/sqft)..... .7 1.5 cfm/sqft

Y) < DELETE this .Component >...
Z) < Changes COMPLETED >0as

Which menu ITEM(S)..

\
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Current -answers for SUBFLOOR named Slab:

A ) Subflooy NAME..... . .coevevnernnnecnnns ? 'Slab' = - .
B ) Subfloor TYPE.............vvvvevveges.? 'Slab-on-grade'

C ) Floor AREA (Joists) (sqft)....... Cevees ? 120" sqft

D ) Exposed. PERIMETER (feet).........oevus. ?7 '140' feet

E ) Soil CONDUCTIVITY (Btuh-in/F-sqft)...ﬂ? '2.5' Btuh-in/F-sqft
F ) Floor R-VALUE (F-sqft/Btuh).....vevee. ? '40' F-sqft/Btuh

G ) Eqv Floor RESIST' outs'd (F-sqft/Btuh)? '100' F-sqft/Btuh

Y) < DELETE this Component >...
Z) < Chapges COMPLETED »>,... - -

Which menu ITEM(S)..uvivrrirennncnne a7

Current answers for ECONOMIC named Price & Use:

Economic HORIZON (YEAYS).s.vesvveeeess 7 '20' years

A)

B ) REAL DISCOUNT -rate (%).eveviererennens ? '3' %

C ) REPLACEMENT-RETROFIT esc., rate (%)....7? ‘4" %

D } Maximum INVESTMENT (S)...0cveeeocnnes .7 '2000' §

E } NON-ELECTRIC fuel......... srsassresess? 'Gas'

F )} GAS price ($/Therm)........ vessesnrese? '.559" $/Therm

G ) GAS escalation rate (%)......0v00000..? '2.8' %

H ) YEARLY Gas use (Therms)..... cervaneses? '960' Therms

T ) Gas BASE use (Therms/Mo).....e.v0vvev.? '48.33333' Therms/Mo
J-) BELECTRICITY price (S$/kwh)...eevvnenee.? '.0449999' $/kwh
K ) ELECTRICITY escalation rate (%}.......7 '1.5' %

L ) YEARLY Electricity use (kWh)..........7 '13500' kWh

M ) Electricity BASE use (KWh/Mo).........? '325.7387' kWh/Mo
N ) ADJUST results to ACTUAL use..........7 'No'

Y) < DELETE this Component >...
Z) < Changes COMPLETED >...

Which memu ITEM(S) ... v vvvevrvecannns W7



e
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et Vgt S o gt Nt Vgt S’

Current answers for INFILTRA named Ventilation: - _ N\
4

A ) Is there MECHANICAL Ventilation.......? 'None’

B ) NATURAL Cooling Ventilation..... e ? 'No' -

C ) TERRAIN ClaSS.iiivnesnncreennnsnnnsans ? 'Class 13"

D ) SHIELDING ClasS..eeveeensssnnns eeriea ? 'Class 13

E ¥ HEIGHT of living space {(feet).........7 '8' feet

F'} Approx. house VOLUME (cubic feet)..,..? '9408' cubic feet

G ) HOW was leakage area MEASURED.........?7 'All three measured’

H ) TOTAL leakage area (sqinm).......e.v..,? '117' sqin

I )} CEILING leakage area (sqin)......... .7 '61.,00011"' sqin

J ) FLOOR leakage area (sqin)............. ? '48.99991"' sq¥n

Y} < DELETE this Component >... ot

Z) < Chianges COMPLETED »>...

Which menu TTEM(S)..vev.s'vnns.

Current ansders for LANDSCAP named Yard & Trees:

Z) < Changes COMPLETED >...

Which menu ITEM(S).vesrerrnn vee

Ground SURFACE TYPE.....c0us
Ground REFLECTANCE (%).....
SOUTH solar EXPOSURE ~ DECEMBER (%)...
SOUTH solar EXPOSURE -~ JUNE (%)..ee...
EAST solar EXPOSURE - DECEMBER (%)....
EAST solar EXPOSURE - JUNE (Z).....
WEST solar EXPOSURE - DECEMBER (%)ﬂ...
WEST solar EXPOSURE - JUNE (%)..
Y) < DELETE this Component >...

-

¢

-~

LI )

-
LIS BES IR A IRt IR

-

r

'Green grass'
24" %

*100°
'100"
‘100’
'100!
'100'
'100'

2@ 38 3Q 2@ 29 32
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Current answers for APPLIANC named Life:

NAME of o0coupantsS....coveevnnnses S ? 'Life!

A)
B ) How. many DAYTIME OCCUPANTS (people)...? ‘1' people
C ) How many NIGHT OCCUPANTS (people). ....7 '2' people
D ) 'DAILY hot water USE (gal/day).........? '75' gal/day
E ) WATER HEATER tYD@.eeeuervenrcrncansnnes? 'Gas'
F ) Input RATING (KBLU/NIr)..eiveenrannnena 7 '40' kBtu/hr
G ) Hot water THERMOSTAT setting (degF)...? '140' degF
H ) WHERE is water heater........veveveeees ? 'Living space'
I ) Stdby/plumb. LOSSES (kBtu/hr}.........? '.95' kBtu/hr .
J ) REFRIGERATOR type........... csssesee? "Man. defrost & sep. freezer' ::? :
.. K} Average MONTHLY CONSUMPTION (kwh/mo) .7 '65" kWh/mo
"L ) DRYER and RANGE typPe....cveeevsesnsss..? 'Both Electric'
M ) Internal MOISTURE generation (lb/dy) ? '4.360011'._1b/dy
N ) LIGHTS & OTHER HEAT GAINS (kBtu/hr)...? '.1' k8tu/hr

Y) < DELETE this Component >...
Z) < Changes COMPLETED >... ,7

Which menu ITEM(S)........... veennnees?

Current answers for HVAC-S5YS named Heat-Cool:

A ) What HEATING EQUIPMENT......evvvvvy...7 'Gas Furnace'
B ) Rated INPUT capacity {(kBtu/hr)........? '50' kBtu/hr
C ) Steady-state EFFICIENCY (%)vevneeneea? '75' %
D ) FELUER gas temperature (degF)....... eess? 1250 degF
E ) What DISTRIBUTION system..............? 'Forced Air'
F ) WHERE are pipes or ducts..............? 'Living Space'
G ) INSULATION on pipes or ductS.,.........7 'None'
H ) Insulatable duct/pipe LENGTH (feet)...? '50' feet

"I ) Distribution LOSSES to outside (Z)....? ‘5%
J ) What COOLING EQUIPMENT....:...........? 'Central Air Conditioning'
K ) Rated TOTAL capacity (kBtu/hr)........? '24' kBtu/hr
L ) Rated SENSIBLE capacity (kBtu/hr).....7 '16' kBtu/hr
M ) Rated COP (unitless).....eeveeveassvs..? '2' unitless
N ) Actual Fan FLOW (cfm)ev.vvvonnenns cees? '700" cfm

.Y) < DELETE this Component >...
.2) < Changes COMPLETED >,.,

Which menu ITEM(S) .. vverevnncverannesa?



Appendix J-2

v

G " RBEAP Input listings for the

Passive Solar Ranch house (Case 1)
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Since the Passive Solar Ranch house is of slab-on-grade.construction,

the input data. for RBEAP 1is. guite similar to CIRA except for two

additional questions asked under 'GENERAL' component, These are:

1) Indoor temperatﬁe iNg..eeseeee 0.0 Or 2,75 or 5.5

é) Floor slab thigkness............,127 mm,

P

Various construction levels and indoor temperature swings may be.

modelled using this input data.



™
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Appendix J-3
CIRA Input listings for the

Passive Solar Ranch house (Case 2)
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The same input data as in Appendix J-1 with the following changes:/ L
: ) | |

WALLS o - |

Wakl R-value: 5,639 K-Sgm/W

ROOF

Ceiling R-value: 8.811 K-sqm/W

WINDOWS :

All windows are triple glazed’
U-value: 1.6456 W/sam-K

Summer Solar gain. factor: 61%
wintér Solar Gain factor: 61%
INFILTRATION )

Total leakage area . : 322,58 cm? ‘
_Ceiling leakage area : 161.29 cm?
tloor L;akage area : 129,03 cm2
. NOTE: The same_inéut is used to ﬁodel houses of virying construction,
Only the response to the 'House Mass...' queséion would have to be
changed from 'ﬂight' to 'Medium' or 'Heavy¥ as dgsired. Also, various

indoor temperature swings can be modelled.
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Appenéix J-4
RBEAP Input Listings for the

Passive Solar Ranch House (Case 2)
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The same input data as in Appendix J-1 with the following changes.

J

Wall R-value: 5.639 K-Sqm/W *
. .
ROOF . - ;b. | -

.
T

Ceiling R*value:_s.ailakésqm/w.

WINDOWS : ‘
All windows are triple glézed
U-value: 1.6456 W/sam=K
Summer Scolar gain factor: 61%

¥ '
Winter Solar Gain factor: 61%

INFILTRATION , .

) Total leakage area  : 322.58 cm’ .\\\\\\‘“\5
2 .

Ceiling leakage area : 161.29 cm

Floor Leakage area : 129,03 cm2

Also two additiqnai questions will be asked under 'GENERAL'. Thg¢se

are: |

1) Indoor temperature swing........0.0 or 2,75 or 5.5 deg C
: = ?

i

2) Floor Slab thiCKnesS...eeeeeesee127 1]1[!.

NOTE: The same input is used to model houses of varyiné construction.

Only the response to the 'House Mass...' question would have to be



) ' . 243

changéd ﬁer 'Light' to 'Medium' or 'Heavy' as desired., Also

different t:emperaliure swings coul Qe modelled by choosing either 0,0

or 2.75 or 5.5 deg C. . \
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Appendix K-1 .

Cbmparison of Available and Useful Solar Gains and free heats in

CIRA, RBEAP and DOE 2.lA
- 13
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b ' ~ Table: K-1-1 Case 1

Comparison of Selar Gains

_ MONTH CIRA (GJ) RBEAP (GJ) . DOE 2.1A (GJ)
avl, Use.,  Avl., - Use, Avl, Use.
JAN 3,09 309 3.09 2.78  3.08 3.08
FEB 3.08 3.08  3.08 2.59 - 2,99 ° 2.94
MAR 1 3.31 331 3.31 2.54 3,27 2.86
APR - 2,33 . 2,33 2.33 157 2.26 1.49
MAY .. 1.69 1.69 .69 0.93 ., 1.53 0.52
ocT 2,71 2.7 2.71 1.69 2,24 1,09
NOV 1.83 =~ 1.83  1.83 1.64  2.11 g 179
DEC 243 2.43 243 2,28 2.53 2,48
ToTAL 20,47 20,47 20,47 16,02 19.92  16.25

PN
Table: K~1-2 Case 2

’ 4
Comparison of Solar Gains @

MONTH CIRA (GJ)  RBEAP (GJ) DOE 2.1a (GJ)
Avl, Use, ‘Avl, . Use. Avl,  Use.

JAN 3.22 3.22 3.22 2,49 3.44 2.96
‘eEB 312 Y 32 302 2.29 i} 3.24 2.44

wR 326 324 324 218 7 3 2,03 :
R 223 2.23 223 128 2,200 0.91

MAY 1.58 1,58 1,58 0.60 143 0.24

ocr 2.77 2,77 2,77 0.99 2.38 0.53

NOV 2.01 2.0 2.0l 137 2.37 1,24

DEC 2.61 % 2.6l  2.61 2.05 2184 2.27
TOTAL 20,78 20,78 2078  1la12 21,13 12,2 7
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- Table: K-1-3 Case 1

Comparison of Free Heats

MONTH .'CIRA (GJ) RBEAP (GJ) * DOE 2.1A (GJ)
Avl, Use. Avl. Use. - AvlL. Use.
JAN 465 465 465 430 465 4.65
FEB 4.49 4.49  4.49 4,00 4.41 . 4,36
MAR 4.87 4.87  4.87 - 4.10 - 4.75 4,42
APR 3.84 " 3.84 3.84 3.08 3,78 - 2,87
nn v 325 3.25 - 3,25 2,49 310 1.9
ocT . 4.27 4.27 4.27 3.25 ° 3.8 - 2.52
NOV 333 3.33 3,33 315 3.62 3.31
DEC 3.99 3,99 3.9 © 3.8  -4.09 4,05
Gmn - 3269 3269 2.6 8.5 2.2 2097

Table: K-1-4 Case 2

Comparfson of Free Heats

MONTH CIRA (GJ) RBEAP (GJ) DOE 2.1A (GJ)

| avl, Use, \ avl, Use, avl, Use,

JAN 4 4.91 4.91 4.18 5,08 4,49

FEB 4,65  4.65 4.65  3.82 4,72 . 3,91
MR . 4.94 4.94  4.94 3.87 487 3.67

APR 3.86 . 3.86  3.86 2,92 3,78 2.32

MAY 121 327 327 2. 3.07 1.25

QCT 4,46 4.46 4.46 L 2,62 4,02 .75 °
Nv 365 3.65  3.65 3.00  3.95  2.81
" pEC 4.29° - 4,29  4.29 3.97  4.48 3.85

- TOTAL< - 34,03 34.03 34,03 26,59 33,97 . 21,05

!
»



Appéndix K-2 —
’Comparison of Heating Loads between B
CIRA, REEAP and DOE 2.1 A for
Case 1 and Case 2 ~
Indoor Temperature Swing is 0.0 deg C
Thermostat 70/70

Mass levels: Light, Medium and Heavy _ « - .
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Table:K-2-1 CASE 1 LIGHT 70/70

MONTH CIRA - RBEAP  DOE 2,1A VAR C/D VAR R/D

& W e ’r\%\ -
JAN 13.61 - 14.12 14,61 6.84  -3.35
FEB . 9.91 10,60 11,00 -9.91 -3.64
MAR 7.07 7.85 7.65 . =7.58 | +2,61
APR 3,17 3.83 3.96 10,95 -3,28’
MAY - L.27 1.66 - 1.66 -23.49 © 0,00
ocT 1.48 2.13 2.26 | -34.43 ~5.63
NOV. 4.66 5.13 | 4.89 ° -4.80 " 44,80
DEC 11.81 12,35 12,81 ~7.81 -3.59
TOTAL . 5315  57.67  58.27 -8.79 ~1.03

y ‘Table:K-2-2 . CASE 2 LIGHT 70/70 .
Y. . *

MONTH _CIRA  RBEAP .~/ DOE 2.1A VAR C/D ' VAR.R/D

aJ G . G g 3
S a3 4.94 5,06 ~14.49 ~2.45
FEB 2.88  "3.49 365 -21.05  -4.41
MAR 1,79 2.37 2.36 -24,33 24038
APR 0.72  1.02 _1.13 3617 957 7
Ay 0.00 0.3 0.38 -100,00  ~10.53
oCT 0.00 0.50 0.55 -100.00 -9.09
NOV 0.96 1.33 1.40 ~31.58 ~5.56
DEC  '3.75 424 440 -14,79 =3.75

0

TOTAL 14.43 18.222 18.94 -23.81 -3.79

&
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Table:K-2-3 _CASE 1 MEDIUM 70/70

MONTH CIRA RBEAP DOE 2.14 VAR C/D VAR R/D
GJ e & % R
JAN 13,67 13.83 14.20 -3.73 -2.61
FEB 10.02 10.35 10.65 -5.92 -2.82
MAR 6,45 7.28 7.27 ~11,28 +0.14
APR 3.10 . 3,65 3.70 -16.22 -1.35
MAY 1.24 1.46 1,49 -16.78 -2,01
OCT 1.38 1.96 2.01 -31.34 -2.49
NOV 4,38 4.51 4.63 -5.40 . -2,59
DEC 12,11,  12.14 12,41 -2.42 -2.18
TOTAL 52.35 55,18 56.36 -7.11 ~2.09
Fd

Table:K-2-4 CASE 2 MEDIUM 70/70° +»

MONTH CIRA RBEAP DOE 2,1A VAR C/D VAR R/D

GJ BN A e N )
gan 4,19 4.59 4,82 -13.07 -4,77
FEB 2.66 ' 3.54 3.72 -28.49 = -4.84
MAR 1.42 2.01 - 2.17 -34.56 -7.37
APR 052 _ 001 1.03 49,51 ~11.65
MAY . 0.00 0.29 0.33  -100.00 -12.12
ocT . 0.00 0.41 0.47 -100.00 ~12.77
NOV | 0.77 1.18 1.27 -39.37 T =7.09
DEC 3.66  4.09 4.28 ~14,49 -4.44

TOTAL 13,22 17,02 18.09 -26.92 =5.91
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Table:K-2-5 CASE 1 BEAVY 70/70 2
MONTH CIRA RBEAP DOE 2.1a . VAR C/D VaR R/D
GJ ' GJ GJ % %
JaN - 13,84 14,12 14,50 ~4.55 -2.62
FER 10,08 10.59  10.87 -7.72 -2.58
MAR 6.42 7.22 7.37 ~12.89 ~2.04
APR 3.06 3.3 3.66 ~16.39 ~8.74
MAY .09 . 1.5% 1,39 -21.58  -5.04
OCT 1.20 1,77 1.90 -36.84 -6.84
NOV 4.55 4.61 . 4,69 ~2.99 -1.71
DEC 2.1 12.32 12,64 -4,19 ~2.53
TOTAL 52.35 55,29 57.02 ~8.19 . -3.03

-

Table:K-2-6 CASE 2 HEAVY 70/70

MONTH " CIRA RBEAP DOE 2. 1A VAR C/D VAR R/D
\\ o v GJ S | % B
JAN 4.16 4.53 4.74 -12.24 -4.43
FEB 2.58 3.04 3.30 -21.82 ~7.88
MAR 1.23 1.88 2.01-  -38.81 ~6.47
APR . 0.35 0.84 0.93 l62.37 ~9.68
MAY 0.00 0,00 0.29 -100.00  -100.00
ocr  0.00 0.33 0.37 -100.00 - 10.81
NOV 6.7 1.07 1.15 -41.65 ~6.96
DEC 3,64 4.10 4.22 ~13.74 -2.84

~ TOTAL 12,63 15.79 17.01 -25.74 - =7.17



Appendix K-3
Comparison of Heating Load between RBEAP and DOE 2,1A
_ Temperature swings of 2,75 and 5.5 deg C

Mass Levels: Light, Medium and Heavy

2]
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Table:K-3-1 CASE 1 LIGHT 70/75

MONTH RBEAP . ICE 2.1A VARIATI_ON
GJ &3 . 3
JAN 14,09 14.61 T -3.60 .
FEB ©10.53 10.98 ~4.10
AR 7.61 7.54 +0.90
APR ' 3.82 3.80 +0.52
MAY 1.44 1.47 ~2.04
ocr S 1.93 - 2.05 -5.85
TURV- C 4,70 , 4,80 -2,08
DEC 1274 12.80 -0.50
TOTAL 56.86 " 58,06 -2.06

Table:K-3-2 CASE 1 LIGHT 70/80

MONTH RBEAP DOE 2.1A VARIATION
G G 3

JAN 11l | 14.61 -3.42
FEB 10.56 10.97 -3.73
MAR 7.33 7.51 -2.30
APR | 73?%5\3 3.72 22,70
MAY 1.36 1.39 - -2.16
OCT 1.84 . 1.96 -6.12

. NOV 4,67 L 4,77 - =2.09
DEC | 1267 1279 | -0.90

TOTAL 56,16 i 57.72 -2,.66
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Table:K-3-3 CASE 1 MEDIUM 70/7S

MONTH RBEAP" DOE 2.1A VARIATION
ey) GJ ' %
JAN 13,61 14,20 -4,15
FEB ‘ 10.24 10.63 - -3.67
MAR 7.14 7.17 -0.42 v
APR .. 3.23 3.50 -7.71
MAY 1.14 1.25 ~8.80
oCT . 1.62 1,76 7,95
" Nov 4.43 4,52 ~1.99
DEC 12,10 12.39 -2.34
JTOTAL 53.51 55.42 | -3.45

Table:K-3-4 CASE 1 MEDIUM 70/80 .

MONTH RBEAP ' DCE 2.1A VARIATION
G GJ %
JAN 13.66 - ,14.20 23,80
B 9,99 " 10.63 -6.07
wr  C 7.12 . 7.15 -0.42
APR 3.8 3,43 -7.29
MAY 1.07 LW -8.55
OCT " 1.53 1,68 -8.93
NOV 4.41 4.49 -1,78
DEC 11,92 12.39 ~3,79

TOTAL 52.88 55.14 -4,11
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" Table:K-3-5 CASE 1 HEAVY 70/75

MONTH | RBEAP . DOE 2.1a | VARIATTON
GJ . GJ . 2
JAN 1374 14.50 -5.24
, FEB | 10.17 10.86 -6.35
MAR . 7.10 L -2.87
APR 3,25 3.46 -6.07
my 1.03 1,12 _8.04.
oCT 1.47 1.63 ' -10.04
NV 4.37 4,57 -4.38
DEC 1236 12.63 -3.72
TOTAL 53.29 56.08 . -4.98

4

Table:K-3-6 CASE 1 HEAVY 70/80

MONTH RBEAP  DOE 2.1a VARIATION
GJ GJ %
JaN 12,35 12.56 ~1.67
FEB 10,22 - - 0.87 ¢ =5,98
MAR 7.03 " 7.31 -3.83
APR - 3.16 3,45 S -84
MAY 0.94 1.05 © -10.48
OCT 1.44 1.59 -9.43
NOV 4,39 - 458 -4.15
DEC 12.11 12.63 -4.12

TOTAL 51.64 54,04 -4,44
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Table:K-3=7 CASE 2 LIGHT 70/75

MONTH RBEAP DOE 2.1A VARIATION
GJ & g

JAN 4T3 4,83 -2.07
FEB 3.3 3.40 -2.65
MAR 1.95 2.07 ~5.80
APR 0.79 - 0.88 -10.23
MAY 0.00 0.18 ~100.00
OCT 0.24 0.28 ~14.29
NOV 1.04 1.11 -6.31
DEC PRI 4.30 -4.42
TOTAL 16.17 17.05 ~5.16

Table:K-3-8 CASE 2 LIGHT 70/80

MONTH RBEAP DOE: 2.1a VARIATION
GJ & %
JAN | 4,59 Co4m R L
fEB 3.14 36 ~3.68
MAR 1.76 1.90 ~7.37
APR 0.66 0,76 -13.16
MAY 0.13 - 0,14 . -7.14
ocr 0.00 0,16 -~ -100.00
NOV 0.9 0.98 -7.14
DEC 4,06 4.19  -3.10 u 5//)
TOTAL 15,25 6,01 -5.% ~
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Table:K-3-9 CASE 2 MEDIUM 70/75

. | ’ /
| L 256
| _

MONTH  RBEAP DOE 2.1A VARIATION

&J GJ ‘ %

JAN © 4,34 4,56 . -4.82
FEB o301 3,13 -3.83 -
‘MAR 1.71 - 1.86 . ~8,06
APR 0.64 21‘0.72 - Ao
MAY £ 0.00 . 0.12 - =100.00
oCT | 0.00 0.5 ~100.00
NOV . 0.85 | 0.91 -  -6.59 _

. ' ¢ o
DEC 3,92 4,05 oA
TOTAL “14.47 1550 . -6.65 N

|

Table:K-2-10 CASE 2 MEDIUM 70/80

MONTH ' RBEAP DOE 2.1A VARIATION
. | GJ ‘ GJ : ' %
;kN 4,30 450 s
FEB 2 3.00 .67
MAR 1.50 1.6l 6.83
ABR °  0.53 0.60 ~11.67
MAY 0.10 0.10 0.00 )
T 0.00 , 0.06 " -100.00
NV 0.74 | 0.79 6,23
DEC 3.87 ) 3.97 - -2.52
oA~ - 13.81 14.63 =559

$
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A

‘Table:K~3-11 CASE 2 HEAVY 70/75
. MONTH | RBEAP . DCE 2.1a VARIATION
GJ & %
JAN 433 . 456 -4.99
FEB . 2,73 3.01 ©=9.30
MAR , 143 1.59° ~10,06 -/
AR, 10.52  ase . ~11.86
mr ‘q.oo 10.09 100,00
oCT 7 0.00 ) 0.06 - -100.00
NOV 0.66 0.77 s T -14.28 °
‘DEC 3.88 o401 | '-3.24,‘
' toTaL 13,55 14.67 C-1.63
< ' Table;K-3-12 CASE 2 HEAVY 70/80
MONTH _ RBEAP  DoE 2.1a | VARIATION .+~
GJ GJ v %\ \
JAN 428 o oase 573
FEB 2,77 ;2.9 -6.42
wR 1.32 // 148 -10.81
aPR o 7 o051 o ¢ -15.69
MAY | .00 . 0.07 ~100.00
ccr 0.00 0,01 ~100.00
NOV 0.60 . 0.69 | ~13,04
DEC | 3,84 3 3.98 ~3.52

TOTAL 13.24 14,24 -7.00
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Appendix L-1
CIRA Input listings.for the

fvillages of Riverside' house

(With and Without Basement wall insulatign)

I

N



Current answers for GENFRAI, named V nf Rlé

NAME of this
What CTTY

What tvpe nf

House MASS

[~ SR R oo B B B s B e T =
D ™ e e

Heat ing THERMOSTAT setling
Heating NIGHT setting
Ave Tndoar SUMMER temperature {depPY, 7
Total house FLOOR ARFA fsqfr\

Wy 3

honen

..............................

AZTMUT& nf nnrth face ftdegrees) .,

THERMOSTAT
TR A SR

..........................

Y) < DELETE this Componenl >,
Z)} < Changes COMPLETFD >.

Which menu TTEM{S}.

Current answers for WALLS nawed Front:

NAME for the

Wall TYPE....

Wall R-VALUE
Wall ARFA wn

TOoORLHIOT@OOT >
At St S Nt awt et St et St Nt St Nt Nt

Which wall ORIENTATION....... .

Wall INSULATION......
Insulation THTCKNESS fwnrheq\
* INSULATABLE wall THICKNESS (1nchpq)
Exterior INSULATTNG SHEATHTNG.

No. of WINDOWS
No. of VENTS in wall (No.,}
No s ofy other PENETRATINNS (No.)
Specific LEAKAGE ARFA (=ginfanft)....

following walls,....

44 s s 2 u 08 s PRI R R R ) s

R

{Nn,?

Y) < DELETE this Component >..,
Z} < Changes CNMPLETED >, ..

Yhich menl TTEM(S)

K

.....................

L2 ight!

oooooo

SPFCIFIF THFRMAL MASS fﬂtu/qufr

--------

(F-sqfr/Btuhd.....oou.... ?
windows & doors faqfr),

-----

/

:x af M['

"Metrnit Mich'
W})/ZQBYPFS
'Weating nnlw!

) ? (5 he) ) ' ‘
sal ' depF -

trdegbad, oy e ;

'70" degF o

'78' degF -
Y1443 sqft

',22' unitless %5
'1.9" Btu/Fsqft

'Front.'

*South walls'

'Two by Four Frame!
'Fiberglass bhatts'
'3.5' inches,—-.

'0' inches

'None'

'11' F-sqft/Btuh
'123.4A" sqft

"1' No.,

1'' Nov,

'1' No.

'.015RA23! sqinfsqft

[



P'f_,_,_—

& Co

Current ansders for WALLS wamed Rear:

A ) NAME for the fnllowvine walle. .., ., 1
B 3} Which wall NRIENTATTON, .. ......... veal?
C Y Wall TYPE, . i inenn N ?
DY Wall INSULATTON . L., e e e e i nennen, ?
F Y Tnsulavinn THICKNFSS Finchesy, ., ., el ?
F Vv INSUTATARLF wall THICKNFSS {finchesdy,, .7
G YV fxteriny INSULATING SHFATHTNG, el ?
H v Wall R=VALUE (F-sqftikrahy, ... . ... ., ?
T ) Wall ARFA wn/ hindnwc & dnnr% fagfty, 7
J Y No. of WINDOWS (N0, Y L, .. i e e v e ?
K ) Nn, of VENTS in ualf NOLY L ?
I, ¥ No. affather PENFTRATINNS (Nn Y, ., .. ?
M ) Specific LEAKAGE ARFA faqin/sqftd, .. ?

Y} < DELETE this Component >,
Z) < Chanpes COMPLETED >, ..

. .
€, *

Which menu TITEMIS)Y ., . . .. .. i, ?

Current answers for WALLS named Right:

NAME for the fpilowing walls.. ..., .., ?
Which wall ﬂRTENTATION ................ ?
Wall TYPE................ et e e
Wall INSULATION.......ocvvurn. Ceee s

5

?
Insulation THICKNESS (dinches).........?
TNSULATABLE wall THICKNESS finches),..?
Exterinr TNSULATING SHFATHING. Pl ?
Wall R-VALUIE (F-gsqft/Rtuh), ., .. ?
Wall AREA wn!/ windnwe & danrs faqfe), . ?
No. of WINDAWS (Nn.) 7
No. of VENTS in wall an,‘

LR BN

LI A

.......

ZCRS AT TWEOSE>P
-t\-l\—t\-./-—r'_f'_d\_lvvwv:-f

Y) < DFLFTF rhjq anpnnenr >,
2) < Changeg CHEMPLFTED >

/

Which m&m TTEM(S) L7

o

| ¥S

260

"Rear'

'North walls!

'Twn hy Four Frame'*
'Fiberglass batts'
'31.5' inches

'0' inches

'None '

'11'" F-sqft/Btuh
270 sqft

‘1' No.

"1' Nn,

'1' No,

'.O174103" sqin/sqft

)

3

'Right'

'Fast walls"

'"T'wo by Four Frame'
'F1berglass batts
'3.3"' inches

'0' inches

'None'

11" F-sqft/Btuh
'260.93"' sqft

'0' No.

1' Nn,

1" No,

'.0150394" sqin/sqft
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NLZ=R=w—ATDD@O D -

Current answers for

\
Al

Which menu ITEM(S)

O A L

WAl s

P
\

NAME Eor the/Falbtowine walbs.. .. ... .00 '
Which wal) ORIFENTATTION, . oL L.ty R
Wall TYPF. . ... ... ... .. e 3
Wall TNSITATION, . ... ... . e, . T
Tosulation THICKNESS (inchesy, o, . ool ?
THSULATARLF wall THICKNESS tinches), ;7
Exterior INSULATING SHEATHING. . ... .. 7
Wall R-VALUE fF-aqft'Bruh), ., ......... ?
Wall ARFA wn/ windews & donrvs (sqfty, 7
No. af WINDOWS (Na Vv, o . . e ?
N, of VENTS in weald iNe v, R
No. ofe nthey PFNFTRATINNS (Nn 7

Y Specitic LFARAGE aREPA
< DELFTE rhis Samponen

“ Chanees COMPLETED

........

7

named Lert:

.............

(emin/satoy, ., 7

“_'val'

"West walls!

"Twa by Four Frame!'
'Fiberglass hatts'
"3.5" inchw
'0' inches
'None ' .
"11'" F- qqtr!Brnh
"1A7,22" aqft

ll! Nﬂ.
I“l N{1'
"1 Nn,
'.02h29340!

sijin/aqft

Curfent anawera Fay WINDOWS yamed Fronot

A ) NAME nf rhe ntIHW1ﬁL windows L, ..., ? I.Frm’]l'

B ) Which winrdntw NRTENTATION e ? 'South’!

C ) Window TYPR............... e ? 'Double hing'

D) GLAZING.........0h oo, e 7 'Double pane'!

E ) DRAPES & SHUTTERS...........0.. «ve.? 'Shardes nr Blinds'

F )} Are window covers VISED at DAYt1mP cees? "No!

G )} U-value (Btuh/sqft/FV,,..... e o7 1519443 Btuh/sqft/F
H } Average 5ash FIT. .. uuivensnnn .7 'Average'

I )} Specific LEAKAGE ARFA rtn1n/aqfr) ..... ? ',0790502' sqin/sqgft
J )} Summer SOLAR GATIN factnr (%Y, ,,...... I %

K ) Winter SOLAR GnIN factor (%Y., .. . ..... ?7 177 % A
L Y Window AREA fsnft). .. ... ovu.uns. 2719045 sqft

M )} Overhang PRHTRHQION $inchesy L, e...7 0" dAnches

%ﬁhﬁ DELETE this Component, », ;

7} < Changes CNOMPIETED -~

.
Which mennm TTFMISY. .. .. ..t inenn. 7
» »
7
i %
7 \'\\‘A
-y



NAMB af the

-4

"J »
Current answers lav WINDNUS Tnmﬂd lLeft:

¢

Falfowine winbows

A ) NAMB of the fallowine windows, o000, ?
> B ) Which windnw DRTENTATION.............. ?
C ) Window TYPE .., .. e R ?
D) GLAZTING . L i e e et i e 7
F2) DRAPES A& SHITTFRS . ., e ?
F ) Are window covers USED at DAYtime. ..., ?
G ) U=value {(Btuh/sqft/FY oo . . 0., .2
H ) Average sash FIT. .. n it iiivinnnnenn. 7
T ) Specific LEAKAGE ARFA (aqinfeqfrd.,,..7
J ) Summer SOLAR GAIN factor (%).......... ?
K } Winter SOLAR GATN fartor (%Y. .. ..., 7
L) Window AREA (sqfr) . i uereninnnnnann 7

Y) < DELETE thiz Compawent . .~ v
7%y < Changes COMPLETED -

-

Which merm TTEMIS)Y .
N

-~

£

Current anawers for F!NDHWS named Rear: =

)
)
)
)
)
)
6)
}
}
)
)
)

Avre window cnvers USED ar DAYtime....,
U-value (Btuhf=aqft/F)

o) NAME of the follnwing windows,..,....,7
B ) Whidh window ORTENTATION. ... ........ L7
C w@ﬁdnw I 20 AR ?
D Y GLAZING....... e e, -

E
F

H } Average sash FIT.......3%

I } Specific LEAKAGE ARFA /sqin ?
J ) Summer SCLAR GATN factor (%Y...... erae?
K } Winter SOLAR GATN factnr (%Y, ....... o ?
L ) Wirldow AREA (sqft)........ NN vaa?

Y) < DELETE this Compnnent >,

2) < Changes’ COMPLETED

° ¥

Whirh menu -TTEM(S)

..

.................

! . 262

'"Left!'

'‘Weat!

"Mouble hung!
'"NMouble pane'
-'Sharles or Rlinds'
'No! -
'.519443" Btuh/sqft/F
"Average'

'L0790502" sqin/sqft
17" %

‘77 %

'93.71" sqft

\\

)

h
‘Rear'
‘North' e
'Nouble hung'

‘Double pane'

!Shades or Blinds'ﬂ
"Npy ! '
'.519443" Rtuh/<@ft/F
'Average’ .
1,0790502" sqin/sqft
Y774 :
Y77 %

'35 sqft

Ve

g

a
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1. Subfloor without basement insulation: 4

a) Subfloor NHame...ivesessancssvenranse 'YRHEBASE'

+b) Subfloor type....................... 'Basement’ !
c) Joist insulation....cceverssvensanss 'Heated Basement'
d) Total Joist R-value (K—sqm/W) cecane '.9251935 K-sqm/W
e) Ploor area (joists) (sam)....eeeuvs . 144,686"' sqm
f) No. of floor penetrations (No, )..... ' ' No.

g) Floor Sp. Lkg. area (sgmm/sqm)......
h) Subfloor wall insulation material...
i) above grade wall R-value (K-sqm/W)..

'315,979¢6° sqmm/sqm
"None'
11,938497" K-sqxfﬁ;

j) Above grade height (M)..ceeversnsans '.03048" m

k) Exposed perimeter (m)...veeesevvanns '28.28544' m -
1)} Soil Conductivity (W/m-K).....veeaee '1,2972' W/m-K
m) No, of Windows (NO.).isseesnvnnvenoss 'Oizﬁwa\¥

n) No, of wall vents (No.)...eevennnnnn '0' No.-

o) No. of wall penetrations (No.)...... '0' No.

p) Wall sp. leakage area (sqmm/sqm),,..
g) Below grade wall R-value (K-sqm/W)..
r) Floor R-value (K-sWm/W )..eeeervnses
s) Eqv Floor resist' outs'd (K-sam/W)..

11159.576 sgmm/sqm
'.8247423" K-sam/W
¥352454" K~sgm/W

'6,247263" K-sqm/W

'\)'\J'\J'\J'\J'\)'\J'\J'\J*\!'\J’\J'\J'\J'\)'\J-\JM'\J

2. Subfloor with Basement insulation: ' AN *

\

The same: input data as above with the following changes:

q) Bélow grade R-value (K-sém/W)....L.. ? '1.93849?' K-sqm/W

{

B

o

e
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o y B
Currentt answers oy DONRS nared, Front: e
: 5 ™
A ) NAME of the foilawing donrs........... 7 'Front!
B ) DOoY TYPE., ittt it it ie e 7 'Flain (Hinged)'
C ) Dooy MATERTAL. . ..ovivie s N e e ae 7 'Waond Snlid Core’
i D ) Approximate glasze ARFA (%Y, ., .. ..., ALY A 4
£ Anyl\TORM AOOvre, e e ? 'None'
F ) U-valne {Btuh/sqft/FY........ e 7 '.33" Btnh/sqft/F
G ) DAOY FT . e i s ittt ienennannana 7 'Averagn'’
H V Specific leakage  ARFA qu1nqufr? ..... 7 '.0294501" sqin/sqft
. T ) Door ARFA f{sqftYy ., . o o, .7 "1R.09' gqft
N Y) < DELETE this Component =»... B
ZY < Changes COMPLETED >, .
T !
hich ment TTEM{SY. .. ... 0ol -
?
\ ’\ - T .
¢ ' o
T P
|
. ‘ . . : \\‘_//
Current answers for RnﬂF—ﬂET;naﬁﬁd TOP: _ &7, .
A ) NAME for artic/rool oy <n111ng...u.:.i? "TopP!
B } Roof-Ceiling TYPE. = . ioon s, +...7 '"Infinished attic'
€)Y Insulation TYPE.......... B vnennns ﬁ"? "Fiberglass batts',
@ D ) Insylation THICBNFQQ flnchpsi ........ .7 'A' inches”
E ) Instlatahle ATR SPACK (inches), .., . ... ? '6' inches -
P F .} Ceiling R-valne (F-sqft/8tuhv. . ... c.0.? 722 F-sqft/Btuh
T =67 ) Ceiling. AREA (sqltY,...... FTr s .7 Y4BT sqft
. H Y No, of ceiling VENTS fconfit)..... ceev.? 'S5 count
. I )} No, nf eriling PENETRATIONS (count),..? '10' count.
\ J ) Ceiling sp. LFAKAGE ATRR (sqin/sqft)..? ".0551685"' sq1n/sqft N
o “Kag) Ronf PILCH (%) ....... R e .? 30" % ““\\\H\\\
/) -RoOf top MATERTAL............0.#.....7 'Asphalt Shingles' -
, M) Roof ARSORPTIVITY (%)........... a2 RS T .
. : N Y Atgic VENTILATTON frfm’@qfr\ ..... .....? .5 efm/sqft
- Y)Y ¢ DELETE this anpnnpnt LI ‘
_ 21 < Changes™COMPLETRD > % \_, ‘ - ,
. - .ok . -
\ . ' L W’t ‘
U r: Which menu ITEMESY, ... .. ... e ae e K
S ’ , -
T '”\- *,
. :
" Y -
3
- M
T A,
K
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Current answers for INFTLTRA named Venrilatiod:

A ) TIs theye MECHANTCAD Veptilalion.,..... ? 'None!

B ) NATURAL Conling Ventritatinm........... ? 'Nn!

C ) TERRAIN ¢lnss. 5 .................. < .. Ylase

DY SHEELDING class, L e i inn ? '"Mlass V!

E Y HEIGHT nf living space (feery, 000 TR, 2 feet

F } Approx. house VOLUMF icubie feet), ., 7 "T85 cubic [eet
G ) HOW wazs leakage avea MFASURED,........ T 'A1Y three measured!
H Y TOTAL leakage arvea {zqini, ., .. e e T'78Y sqin

T ) CEILING leakage avea (sqind........ LL.T 2777540 sqin

J ) FLOOR “leakage avea (sqinmd... .. ....0.v.. ? '"16.12701"' sqin P
Y) ¢ DELETE this Companent o,

Z) < Changes COMPLETED - .

{
Which menu TTEMESY o o< (oo L .., ?
o ’ 9(’
E [,/” ¥
Current answers for LANDSCAP named Yard & <Trees: )
] . - .

& ) Ground SURFACE TYPE........o.ovnu.. cres? 'Greon grass’

B} GT nd REFLECTANCE (%), 5 ... .;$? 24 %

cH Sﬂl solar FEXPOSURE - DECEMBER (234782 rqnr 7

D ) solar EXPOSURE - TUNE (¥3), ..., ? '80' %

E EAq a 11rlr EXPOSURF — DECFMRER (ZY...,7 "AOY %

F \ EAST solar EXPNSIIRF - JHINE (% 0 N L R 4

G )} WEST snlar FXPQOSIRF —\["FP!‘MHFI‘ L T L Y 0 4

H ) WEST ‘solar FXPOSIRE - gHNE (7). /AL A 4

Y) < DELETFE thia tnrrmnnr-m . :

Z} < Changss COMPLETFDé%i.. S
Whigh menu ITEM‘S\......E? ...... el

S
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Current answers for APPLIANC npamed RESIDENTS:

A ) NAME of ocenpants. oo oo v vnens.. ? 'RESIDENTS'

B ) How many DAYTIME QDCUPANTS /peopled.,.? '2' people

C ) How many NIGHT OCCIPANTS fpeople).....7 '4' people R
D )} DAILY hot water HSE (eal/davy, . ....... ? '75' gal/day

E ) WATFR HFATER fyvpe.. .., .. o... 0., e ? 'Electric’

F ) Input RATING (KW) .\t ivnurinonnnnnnn.. 7 Y4 kW

6 ) Hot water THERMNSTAT setring (desF),.,? '140' degF

H ) WHERE is water heater,...........ou... ? 'Living space'
I) Stdby/plumh. LOSSES (KBru/hud......... 7 '.423316' kBtu/hr
J ) REFRIGERATOR type..,..... i 7 'Man, defrost & sep. freezer’
K ) Average MONTHLY CONSUMPTTON (kWh/mo},.? "65' kWh/mo

[ ) DRYER and RANGF type ., ... ..., ? 'Both Electric'

M) Internal MOTSTURE 3nnnrﬂrinn fih/dvdy, .7 "4.360011" 1b/dy
- N ) LIGHTS & OTHER HEAT nATNS JkRtu/hrd), .7 'lfﬁh' kBtu/hr
Y) - DELETFE this Componeat -, . .

21« Changes COMPLETFD ~. ., r
Whirh menu DTEMOSY, 000 oo o oo u. ?
I
. | —~ .
Covrent ansuweyps For HVAR-SYS namerd Heaf-Cnot:
A} What HEATING EOMIPMENT.. ... ... ....... ? 'Flectric Baseboard' .
B ) Rated INPUT caparcity (ERrn/hved, ... ... T 'I0' kBtushr e
C )} Steady-state EFFICTIENCY (90 .., ., ... 7 100" % :
D } What DISTRIBUTTON system,,,.,.,.... ...7 'Tn Room'
E } Distribution LOSSES ro nmtzide (%),,,.7 ‘08 7 .
F ) What COOLTNG EQUIPMENT........... cv...? 'Nope'
Y} < DELETE this Canponent ", .
2) < Changes COHPLETFE S )
hich menu TTEM(S).................... g O
- . - " ‘ -
&
\3 C; k/ﬁ\
"
- ;.‘,‘M
x
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Current answers far FOONOMIC wamed Price & Use: e
A Fconemic MORIZON fweaved .. L. 5 ... 20t vears
B ) REAL DISCOUNT rate (31 .. .. ... . ... . .. AR
C ) REPLACEMENT-RETROF(T esrd yate 3V, .7 40 %
D ) Maximum TNVESTMENT (SY. .. .= ... . ...... Toremnnnt s
E )} NON-ELECTRIC fuel............ e ? *Gas!
F ) GAS price (S/Therm). ... uiisurn . oon. .. T80 S/ Theym
G ) GAS escalation rave (23, .. ... .. — ORI
H ) YEARLY Gas use (Thevmz'...............7 '360" Thems i
I.) Gas BASE use (Thevms/Mod, ., . .......... 7 '48.313333"' Therms/Mo
J } ELECTRICITY price (S/kwhi,............ T N449999 " §/kwh
K ) ELECTRICITY escalatinn rate L2 I TR G
L ) YEARLY Electricitv nse (KWhY, . ........ 7 Y1800 kWh
M ) Flectrici Ly BASE e /Moy, L L, DOVIL L TARTY kML /Mo
N) ADJUST results &n ACTUAL nee . .., 4. . .7 "No! . . ~
Y) < DELETE ¢ g Component Q
"Z) < Changeg COMPLETED -,
Which memu TTEM(SY. ... ... ... ... ?
i ; )
N : s
- - ! .
. % -
. . . o 2
o
-,
!
/\_
ro . /
/
E‘.‘ >
3 .
C (BLL/E
: 7 — A
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Appendix L-2

REEAP Inpg; listings for the

''yillages of Riverside House'

w

o

(With and without basement wall insulation).

268 -
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The input data for all the components is the same as in Appendix L-l

except for 'SUBFLOOR' which is described below.

1. Subfloor without Basement wall insulation,

‘SULEL1OOr NAME vivvvenrevecrosessnnssernesss VRHEBASE
,Subf,loquype-.oo-ooo....-----.----:_.u...-. Basement

SOi w‘l..-.llll.lll.’-llll.l..ll.l!.llll wéll drained Clay

Where is the Basement Insulation .......... Inside
‘Basement Temperature ......eveveevssesasees 21,11111
Above grade R-~value .....evevose vesraraeess 1.938497
Above-Grade Height ....veeevesnnasnsnssssss 0,030480
Exposed Perimeter ....vieeveescsosersseeses 28.28544
Floor Area (JOLSES) ...veiveveveseessnnesas 44.68641
Floor Sp. Leakage Aread ...ieeevesessesesss. 315.9796
No. of Windows ....cveeeernccrcosncas civees 0.0

Wall Specific Leakage A€ ,..vesenssvessnss 1159576
CBTEA A2ennrenreneenneenennenninianeney 16,4502
R-value for A2 .,,.ucvveerersecnnanersanars 0.82474
Area-A3 Li.iiiiennans teresserasssansenassas 33,708
R-value for A3 ...iiieeeiveaveccscesneesess 0.82474
CBArRA B4 L iiiierenniesvsrarestestrrraenneees 23,432
R-value for A4 ......ceveeveenvanesisansasss 0.35245
ATA A5 L.iivieeesesensrrsanrssernsanseseses 22,462
R-value fOr A5 .....evvveseenearcvenvnnssans 0:35245

= :

2. Subfloor with Basement Wall insulation:

deg C
K-sqm/W
m

m

sqm
sqmm/sam
No.
sqmm/sgm
sgm
K-sam/W
sqm
K-sqm/W
sqm
K-sgm/W
sgm -
K~sgm/W

* The same input.data as mentioned abpve with the following changes:

-1, R=value for A=Z.iiiiittecncesnnvernnanas 1,938497 K-sgm/W

2' R—value for A_3otttcoooo..o‘lool.,loo.lo. 10938497 K-Sqm/w

f

}g addition two extra questions are asked under GENERAL,. These are:

1., Indoor temperature swing.......ceese0... 0.0 deg C

2, Floor slab thickness........cevveeeven., 127 mm

- 5

Pred
N

L
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Appendix M
Comparison of Heating Loads between |

CIRA, RBEAP and DOE 2.1A for _\

'Villages of Riverside' \

‘,-i) Using REBEAP with Mitalas basement model only.

2) Using RBEAP with Mitalas model as well as utilization:ff;tors.
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 Table M-1: ~
Villages of Riverside (With Basement Wall insulation)
| RBEAP with Mitalas basement model only.
MONTH - CIRA' - RBEAP » DOE 2.1A VAR c/D GAR R/D Cel
GJ GJ & o Sy
JAN . 11,11 . 11,10 11.56 -3,89 . -3.98
FEB 9.8 ' 520 | 959 - 5.4 -a.07
© MAR 5.05 5.70 5.75 -12;17 ?;EB.ag
APR CLss 260 2.76 -43.8¢ | -5.80
OCT 1.46 2,10 2,16 ~ -32,41 - -2.78
NOV 476 5.10 . 522 -8l 22.30 )
DEC £ 9.14 m0——— 9.44 - -3.18 . -2.54
TOTAL 42.10 45,00 " - 46,48 -9.42 ~3.18°
Table M-2; ?

Villages of Riverside (Without Basement Wall insulation)

RBEAP with Mitalas basement model only.

MONTH - CIRA RBEAP ‘DOE 2.1A VAR c/o 'VAR-R/]S ..
GJ GJ . GoJ . g
JAN 11770 11,70 12,13 . -3,5¢ =3,54"
FEB 9.50  9.80 10,27 7,50 -4.58 .
wR  © 5.0 630 O 6.9 20,75 -9.22
aR 170 3.00 ' 301 -45.34  -3.54
oct 1.70 ' 2.30 243 -30.04-  -5.35 .
MOV 5.10  5.51 5.61 -9.09 -1,78
pc 9.80  9.80 - 10.14 -3.35 -3.35
* TOTAL 45.00  48.41  50.63 . -llil2. . -4,38
- - )
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Table M-3

_Villages of Riverside (without basement wall insulation)

> ‘ 'RBEAP with Mitalas model and Utilization factors,
MONTH CIRA RBEAP DOE 2,1A :iAR C/D VAR R/D .7
. GJ GJ GJ 3 %
JAN 11.70 11.80 12.13 ~3.54 ~2.72
EEB . 9,50 9.90 10.27 - =7.50 -1.60.
cia' ' 5.50 6.40 6.94 -20.75 ~7.78
APR 1.70 3.0 3.11 ~45.34 -0.32
0CT T L0 2.0 7 2.43 -30.04 1,23
NOV "5.10  5.50 5.61 ~9.09 ;; -1.96
_DEC 9.80 9.90 10.14 ©-3.35 -2,37
~ mora 7 45200 49.00 50.63 -11.12 -3.32
\% " rable m>4: -
F\i C Villageé of Riverside. (with basement wall insulation)
. RBEAP with Mitalas model and Utilization factors.,
- MONTH ' CIRA RBEAP DOE 2,14 V2R C/D VAR R)/D )
' ) & o S 3 .
JaN 11.10° 11lzov/(r" 11.53 -3.89 \\\ RN
FEB < 9.00 . 930 . 9,59 -5.84 % -3293;3.
MAR | 5.05- 5.90 5,75 -12,17 =2,61
APR 1.5 2.80 - 276 o -43.84 1.45
ocT o 1.46 2.10 2.6 -a2.41 -2.78
NOV. 4.76 . 5.10 5.22 8.8 2.30
~ DEC 9.14 9.30 9.4 . -3.18 . -l48

‘f

TOTAL 142,10 45,70 . -46.48 - -9.42 -1.68
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