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Simplified heating and Cooling Energy Analysis 
Calculation for Residential Applic~tions 

T. Kusuda and T. 
Center for Building 

National Engineering 
National Bureau of 
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ABSTRACT 

Saitoh* 
Technology 
Laboratory 
Standards 

20234 

ln order to reduce the lengthy computational labor and costs common to 
most existing hourly simulatlon computer programs, a simplified e nergy 
calcul~tion procedure suitable for a handheld calculator was developed . 
for the evaluation of home retrofitting with respect to energy cons~=­
vation. The procedure utilizes monthly normal weather paraiueters such 
as temperature, humidity, wind data, and solar radiation, in lieu of 
the traditional degree-day procedure. 

The thermal time constant was used to account for the effect of building 
thermal mass on seasonal heat transfer performance. In adaition to stan­
dard retrofit procedures such as addition of thermal insulation, use of 
storm windows, and sealing of cr•cks, this calculation includes energy 
conservation effect due to the use of solar collectors. hot water tank 
inaulation, and insulation around the heat distribution systems such as 
duct• and pipes. 

Also included are comparative annual heating and cooling requirements 
determined by the simplified procedure and that calculated by the OOE-2 
computer program for a typical residence. 

Keywords: Energy 11nalysis calculation; euer~y retrofit; home audit; 
thermal time constant. 

* Guest worker from Ohbayashi-Gumi 1 Tokyo, Japan. 
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1. INTRODUCTION 

The purpose of this report is to describe detailed algorithm, data base 
and Fortran listing of a simplified home energy analysis procedure suit­
able for small computer or pocket calculator. This simplified procedure 
was originally developed for DOE to assist the state and loca l government 
energy officials who are making economic benefit analyses of va r i ous 
home improvement options, such as insulation, storm uindows, hot water 
tank insulation, !nsulation around pip ·~ s and ducts, etc. 

The procedure calculates the annua l energy requirement calculations 
for heating and cooling of single- f am ~~J residences in conjunct i on with 
the Department of Energy Project Home Energy Audit questionnaire and eco­
nomic analysis. Since the Project ~ome ~~ergy Audit Program mandated 
that the computation time, equivale~ t to the UNIVAC 1100 CPtT (Central 
Processing Unit) time, is to be within 3 seconds, it precluded the 
comprehensive hourly simulation proced\•res such as used in BLAST, l>OE-2, 
and NBSLD. 

A scheme adopted in the DoE Home Energy Audit calculation procedure is 
to develop a simplified yet relatively comprehensive heating and cooling 
load calculation routine where most of the major building heat transfer 
elements are addressed in an approximate manner. Th~ results of the 
calculation obtaided by this 4implified routine are then compared against 
those obtained from a DOE-2,2.I the comprehensive hourly sio1ulation computer 
program designated as the Standard Evaluatiqn Tech nique for tiuilding ~nergy 
Performance Standarde, for a ranch house. 

2. OVERALL ALGORITHMIC STRUCTURE 

The flow chart for the simplified procedure is shown in Figure 1, and 
detailed algorithms, including Fortran listing, for each of the &ubrou­
tines are given in the following sections. 

The basic scheme of the calculation is to detemine monthly no:nual values 
of daytime and nighttime heat gains (heat lof.\s will be considure:d • u1::ga­
tive heat gain) separately for all of the naj?r heat exchange compon~nts, 
and to integrate them into monthly normal daytime .and nightti111e heating and 
cooling requirements. 

In Figure l, all of the major heat gain (loss) through various elements 
of building envelope is denoted with symbols ending with U and N, indicatin~ 
daytime heat gain and nighttime heat gain, resp~ctively. 

Although not described in detail in this report, a special subroutine, 
SOLDAT, was developed to generate daily total solar radiation data for 
the normal day for each of 12 months for any .given orientation ;ind 
tilt angle of the wall in a given locality, while a separate routine 
called SAT determines the normal ~aily average sol-air temperature to 
be applicable for the calculation of heat gain through walls, roofs, 
and doors. Detailed documentation for SOLDAT can be found in reference 2. 
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S O" E ErJ GY UDIT CALCUL TIO 

!zoH I solar data 
SOtDAT . 

floor heat 
transfe! r sol-air templuature 

-----~----~----r>trSAT 

~T~ICj BSMT 

CRAWL 
GF 

crawl space 

slab-cm-grade 

window heat 
transfer QG 

QGD/QGN 

air leakage 

INFIL 

OECHG ~~-----'!I 
OWD/OWN - walls 
QDD/GDN - doors 
QFD /QFN • floor 
QCD/Ql~N • ceilini 

psychrometrics internal heat gain ....---. 

basf!mt~nt 
I - - - .... --- -

DBRH QI • I Off I QRSD/QRSN - sensible 
PVSF ....,..__~,,._..-~. . ORLD /QRLN • lateral 

OISD/QISH 
QILD/QIU• duct pipe heat transfer 

hot water heating CSDUPI crawl space 
solar energy utilization requirement ASDUPI attic space 

SEU 
QS 

HLHG 
HCRT 

HREQ 
CREQ 

HWHREQ 
WREQ 

OSDUPI outside 
BMDUPI basement 

...___~ EREQ i......--..._ ____ _ 
QQC .. heat gain 
QQH • heat loss energy reifu irement 

Figure 1. Flow chart of the Heating and Cooling Load Program 
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Where the roof has vencilated attic space, the program determines the 
attic space temperature based upon heat balance, which is in turn used 
to determine the heat gain through the ceiling. 

The SOLDAT routine will also provide the solar radiation data for the 
s~lar collectors, which may be available in some of the ener~y conserva­
tion designs. The solar collector performance will be simulated by 
a simplified linear relationship between the collector efficiency and 
6T/I, where 6T represents the average tenperature difference between 
the outdoor air and collector inlet fluid temperatures, while I repre­
sents the daily average of hourly solar insolation. 

Heat gain from the floors is determined by the use of special algorithms 
to ~imulate the heat transfer process of basement, slab-on-grade, and 
crawl space under the floor, respectively. 

In addition, there are several other subroutines in the calculation, 
such as INFIL to determine the air leakage rate, DBltii to determine 
the moist air properties, and subroutines to determine the energy loss 
from hot water tanks, ducts and pipes. 

The major distinction of the present method from the existing degree-day 
or bin procedures is that th~ new method is based upon the monthly normal 
day data for each of the 12 months of the year. The monthly normal data 
neede.:l are: 

daytime average temperature 
nighttime average temperature 
total solar radiation upon hori~ontal surface 
average relative humidity (morning and afternoon) 
average wind speed 
ground temperature 

for the normal days of the month. 

Fortunately, these data are available in the existing literature for most 
of the major Weather Bureau stations throughout the United States. The Liu 
and Jordan paper, entitled, ·Availability of Solar Energy for Flat-Plate 
Solar Collectors,· ASHRAE Symposlum on Low Temperature Engineerlng Appli­
cations of Solar Energy, 19~7, provides the average daytime temperature 
and the solar radia~ion data for more than 80 stations in the .United 
States (see Appendix A). A U.S. Weather Bureau publication called •compar­
ative Climatic Data Through 1976"* prov1.des tha long-period (3U years 
or more) normals and extremes of monthly average temperature, precipitation, 
relative h1liilidity, and wind data. 

Ground ter11perature data, previously developed by Kusuda and Achenbach, 
shown in Appendix B, are also employed for the heat transfer calcula­
tion for slab-on-grade floor, basement walls and basement floor. 

*For sale by the National Climatic Center, Federal Bldg., Asheville, 
N.c., 28801 (Tel. 704-258-2850, X 683). $1.50 copy. 

3 



I 
t 
t 

4.4. SOLAR ABSORPTIVITY, ABS 

Thee~ data are used to determine the outside surface temperature of 
exterior walls as influenced by the solar radiation data. Typical 
val-.1es are: 

for very dark surface 0.95 
medium dark surface 0.7 
light surface 0.4 

4.5. SHAOOW FACTORS 2SHDW 

This factor iodicatea how much of the exterior surf ace ii? qhaded 
from direct sun by ~djaCI!!!!: b!.!! !di~c;e, ext:;:::io:- ;ha.ding d.:vi.: :;r;, u1 Uy 
trees. Typical f~gure9 are: 

if completely shaded 
if partially shaded 
if not shaded at all 

4.6. SHADING COEFFICIENT, SC 

1.0 
0.5 
o. 

Thia factor relates to the internal shading devices used for the windows. 
Typical values for a single glaze window are: 

for venetian blinds 
roller shades 
tinteci films 

4.7. WALL ORIENTATION, ~A.i 

0.5 
0.4 
O.J. 

These dat~ indicate the orientation of walls and windows, measured clock­
wise from the south. Thus, for example, 

WAZ • 0 for south-facing wall/window/door 
WAZ • 90 for west 
WAZ • 180 for north 
WAZ • 270 for east. 

4.8. WALL TILT ANGLE, WTLT 

These data ace fC't' the slant angle of the walls or windows. Ji'or most 
constructio~, the value is 90° for walls and windows ar.d 0° for roofs. 
For solar collectors, the actual tilt angle will be used and will ueually 
be an angle other than o• or 90•. 

'· SUBROU'rIN~ ALGORITHMS 

5.1. SOLDAT 

Using the Liu/Jordan method~/, this program g~nerates 12 monthly values 
of total sola~ radiation over the roofs, floors, walls, windows, and solar 

6 
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collectors. lhe details of the calculation procedure are given in NBS 
Building Sciences Series 96 entitle·d "Hourly Solar Radiation Data for 
Vertical and Horizontal Surfaces on Average Days in the United States 
and Canada." This routine also includes the shadow effect of the roof 
overh~ng upon the direct radiation incident on a given vertical surface. 

Input: XLAT • latitude, degr~e 
WAZ • wall azimuth angle, degre.~s from south 
WTLT • wall tilt angle, degree from horizontal surface 
ZKT • Liu/Jordan constants 
H • daily normal s~lf r r&diation over a horizontal 

surface Btu/ft 
RHO • ground reflectance 
TOWN • zip code 

OVHANG • roof overhang, ft 
WALLllT • wall he.i ght, ft 

Output: XIDT • daily tci: .. al solar radiation, Btu/hr £t2 

XIDD • daily total diffuse sky radiation, Btu/hr ft2 
WU>AY • daytim~ hours, hr · 
HRNIT • nighttime hours, hr 

5.2. SAT 

Sol-air temperature routine 

Input: WTLT • tilt angl~, degrees from horizontal surface 
It • incident total solar insolation, B~u/day ft2 
Id • incident sky radlation, Btu/day ft 
SHOW • shadow factor 

0 • no shadow 
0.5 • partial shadow 
1.0 • complete show 

AB 
FO 

• 1urface absorptivity 
• surface heat transfer coefficient, Br.u/h ft 2 •F 

TOD 
TON 

HRDAY 

• 4 for J ,J ,A 
• 5 for H,A,M,S,O,N 
• 6 for D,J,F 
•• daytime temperature, •F 
• nighttime temperature, •r 
~ daytime hours, hr 

Total radiation inci~ent upon a surf ace 

I • (It-Id) * (1-SHDW) + ld 

Output: Sol~air temperature 

AB*l 
Daytime SATO • TOD + 1:1.RDAY*FO 
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Nighttime SATN • TON --'fo * cos (WTLT) 

5.3. INFIL 

Infiltration calculation. cfm 

v 
ACHS 
TO 
TI 
WS 

• volume of the room, f t3 
• standard air change data, air change/hr 
• outdoor temperature, °F • (TOU + TON)/2 
• indoor temperture, °F • (TIU + TIN)/2 
• wind speed, mph 

AC (air leakage rate) • (ACHS/0.695)* [0.15 +
1

0.013 * WS 
+ 0.005 *ABS (TO-Tl)]± 

Standard Air Leakage Data (ACHS) 

In lieu of the crack method, hourly air-change values are to be provided 
because there are mor~ experimentally measured data reported by the use 
of He and SF6 tracer gas dilution technique. Recommended values are as 
follows: 

'!/ 

Living space: 1.5 for leaky building 
l.O for standard building 
0.5 for modern-type building 

Attic space: mechanical ventilation 20 Ac/hr 
natural ventilation 6 Ac/hr 

Crawl space: 3 Ac/hr 

Output: Air leakage rate 

AC 
RlNFIL• (V) * 60 

Assumed average sky heat loss: 10 Btu/hr, ft2 • 

ti Modified Achenbach/Coblenz equation. 
~Field Measurement• of Air Infiltration in Ten Electric:ally Heatf.d 
Houses· ASH.RAE Trane. fa9, 1963, pp. 358- 365. 
UoE • 2 program uses, however, different equations such as 
AC • 0.2!i2 + 0.02HI * WS + 0.0084 * ABS (TO-TS) 
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5.4. ATTIC 

Attic temperature calculation 

Input: 

AR • roof area, ft 2 

TRD • daytime roof sol-air temperature, •p 
TRN • nighttime roof spl-air temperc>.ture • •F 
AC • ceiling area, ft~ 
TAD • daytime room temperature, •p 
TAN • nighttime room te~perture, °F 
AW • end wall area, ft 
TWD • daytime end wall sol-air teQperature, °F (average 

of two end walls) 
TWN • nighttime en~ wall sol-air temperature, °F 
CFM • air flow, ft /min 
UR, UC, UW • U-v!lue for roof, ceiling and end walls, 

Btu/h ft °F 
TOD • daytime outdoor air temperature, •p 
TON • nighttime outdoor air temperature, °F 

Output: Attic temperature (daytime and nighttime) 

5.5. CRAWL 

ATTICD • UR*AR*TRD + UW*AW*TWD + UC*AC*TAD + l.08~CFM*TOD 
UR*AR + UW*AW + UC*AC + l.08*CFM 

ATTlCN • UR*AR*TRN + UW*AW*TWN + UC*AC*TAN + l.08*CFM*TON 
UR*AR + UW*AW + UC*AC + l.08*CFM 

ATTICD • TID 

ATTICN • TIN 
if attic temperature is controlled 

Crawl space temperature routine 

Input: Daytime and nighttime crawl space temperatures 

TOD 
TON 
TC 
TAD 
TAN 
TWO 
TWN 
CFM 
UF 
uw 
... c 

I 

i 

• daytime outdoor temperature, °F 
• nighttime outdoor temperature, °F 
• ground temperature, °F 
• daytime room temperature, •p 
• nighttime room temperature, •p 
• daytime wall sol-air temperature, •F 
• nighttime wall so~-air temperature, •r 
• air flow rate, ft /min 
• floor heat transfer coefficient, Btu/h fi' •F 
• wall heat transfer coefficient,Btu/hr ft °F 
• ground sur~ace heat transfer coefficient • O.l, 

Btu/h ft °F 
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Output: 

AW 
AF 

• crawl space wa}l area, ft2 

• floor area, ft 

CRAWLN • UF*TAD*AF + UW*TWD*AW + UG*(TG + TOO)*AFl2 + l.08*CFM*TOD 
UF*AF + U'.l*AW + UG*A.F + l.O»*CFH 

CRAWLN • UF*TAN*A.F + UW*TWN*AW + UG*(TG + TON)*A.F/2 + l.08*CFH*TON 
UF*AF + UW*AW + UG*A.F + l.08*CFM 

5 .6. GF 

Ground floor heat transfer routine (slab-on-grade floor) 

AF 
p 

• floor area, ft2 

• expoaed perimeter length, ft 
• wall thickness, ft 
• daytime room ~~mperature, •F 
• nighttime room temperature, •F 
• daytime outdoor te~perature, •F 

WT 
TAD 
TAN 
'.".OD 
TON 
B. 

• nighttime outdoor temper&ture, °F 

ZK 

• Thermal resistance of hour layers, which is bet .. ·een 
the room air and the floor slab-ground ~nterface, 

• Ground thermal conductivity Btu-in/h ft •F 

Calculation Procedure 

The slab-on-grade heat transfer calculation ~yesented herein is based 
upon an exact solution of Muncey and Spencerl • 

The Base Ground Thermal Resistance RS shown in Fig. 
for a square s!ab of 40 ft x 40 ft over a ground of 
12 Btu-in/h ft •r. 

J was precalculated 
thermal conductivity 

I 
In order to correct the value of RS for the specific slab under considera-
tion, which would be different from the basic structure, the thre~ correc-
tion factors a. B and FS are needed. i 

The Perimeter length correction factor 

The Conductivity correction factor 

' The •lab ahap• ~orrection factor F::i can b~_detetmine~ from Fig. 4 by 
knowing AF/ P I 

---­. -- -7 

4 

10 

,· 

_. .. -· 

---

,, 
·/ 



' I ... , 
,· t~ 

·, . ' 
\j 

' '-... 

..., 

.... ..- ..... (IQ 
c: ... 
ftl 

w . 
>-i 
:T 
ID 
t1 

~ ...... 
"'f 
ftl 
(j) .... 

...... {II .... ... 
D> 
::I 
n 
fl) 

0 .... 
{II 
...... 
D> 
o' 
I 

0 
::I 
I 

(IQ 
"'f 
D> 
i:l. 
ID 

.... ..... 
0 
0 ... 

\ 
• I 

-· / 
\ 

14 

13 

B 12 
llD 
......... ... 
0 

11 . 
... .,_ 

10 .... 
• --:t: 9 

LU 
C.,) 
:a: 

8 •• .,_ 
en 
c;; 
&A.I 

7 a: 
..... 
c 
::&' a: 6 
&A.I 
:z: .,_ 
a 5 
z 
~ 
Q 

i\ a: 
CD 

&A.I 
en 3 c 
llD 

v; 

l 
a: 

1 -

0 
0.1 

Wall thickness IFtJ 
£ :: 1.25 
E :: 0.833 
E :: 0.416 --- ........ 

/ 
/ 

0.2 

1. The Base Graund Thermal Resistance has been determined for 40ft 1 40ft 
slab on 1roun~ havin1 the thermal conductivit~ of 12 Btu -in / hr ft2 °f. 

2. for other floors, the base value must be corrected ia accordance with 
the procedure described in the teit. 

3. Tht floor Slab Thermal Resistance Includes the floor surface film 
resistance and the resistance of the floor layers above the soil. 

0.3 0.4 0.5 1.0 2.0 3.0 4.0 5.0 

RF : FLOOR SUB THERMAL RESISTANCE, Hr - Ft 2 - 0 f /Btu 
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Calculation 8 
RF • (a* UF): adjusted floor resi&tQnce 

E • a adjusted wail thickness 

Read from Figure 2 the value of RS corresponding to these JU' and E data. 

Ground Thermal Resistance: 

a 
B.G • * RS * FS 

Overall heat transfer coefficient of the slab-on-grade floor: 

l 
UF • (RC + R) 

Heat lose through the slab-on-grade floor: 

daytime: 
nighttimes: 

s.1. gg, 

QFD • UF * M * (TAD-TO) 
QFN • UF * M * (TAN-TO) 

where TO • TOD+TON 

2 

Window heat gain routine 

AG • gleGa area, ft2 

SC • shading coefficient 
UG •heat transfer .coefficient, Btu/h ft2 •r 
TOD • daytime outdoor temperature, •r 
TON • nighttime outdoor temperature, •r 
TID • daytime indoor temperature, •r 
TIN • nighttime indoor temperature, •p 
SHDW • external shadow factor 

O. • no shadow 
O.S • parti~l ahadow 
1.0 • complete ahadow 

It • total incident solar radiation, Bt~/day ft2 
Id • diffuse sky radiation, Btu/day, ft 

HRDAY • daytime hours, h1· 
HRNIT • nighttime hours, hr 
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Output: Daytime and nighttime ~indow heat gain 

5.8. HLHG 

I • (It-Id)*(l-SHDW) + Id 

Daytil'l.e 
Nighttime 

QGD •AG* [I*(SC)*0.87 + UG* (TOD-TID)* .HRDY) 
QGN • AG* [UG*(TON-TIN)* H.ltNITj 

Heat loss and heat gain ca._~lations 

Input: 

QlD • dayt1me 1n111Lration heat gain, DLu/<l~y 
QIN • nighttime infiltration heat gain, Btu/day 
QWD • daytime wall heat gain, Btu/day 
QWN • nighttime wall heat gain, Btu/day 
QDD • daytime door heat gain, Btu/day 
QDN • nighttime door heat gain, Btu/day 
QCD • daytime ceiling heat gain, Btu/day 
QCN • nighttime ceiling heat gain, Btu/day 
QGD • daytime window heat gain, Btu/day 
QGN • nighttime window heat gain, Btu/day 
QFD • daytime floor heat gain. Btu/day 
QFN • nighttime floor heat gain, Btu/day 
QRD • daytime internal heat gain, Btu/day 
QIN • nighttime internal heat 1ain, Btu/day 

The above values will be negative if they are heat loss. 

THTC • thermal time constant, hr 
SGO • daytime solar heat gain through windows, Btu/day 
CFM • air leakage, cu ft/min 
u1 (1 • 1,2, •• N) •overall heat transfer coefficien~ of each 

of the building envelope elements, Btu/h ft •r 
Ai(i•l,2 1 •• N) •area of each of the building envelope 

elements, ft2 

N • total number of buildJng envelopP. elements 
IACNV • natural ventilation index: • l if open windows in 

&UDliDer when oudoor 
temp. < thermost~t 
aetting. 

• 0 if never Open win-
dows. 

PUH • pick•up time or pull-d~wn time (see Appendix E) 
HlWAY • daytime houn, hr 
HRNIT • nighttime hours, hr 
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Output: 

·--~- I ' 

HLD • dayti~ •ensible heating load, Btu/day 
HLN • ~..!ghttime &~nsible heating load, Btu/day 
CLD • daytime sensible cooling load, Btu/rlay 
CLN • nighttime sensible cooling load, Btu/day 

Calculation Procedure 

This routine uaea the building thermal time constant (THTC) concept, 
detail of which is ~iven in the Appendix E. 

Total envelo~a heat gain 

daytime 

QTD • QID + Q~D + QDD + QGD + QFD + QR.D + QCD 

nighttime 

QTN • QIN + QWN + QDN + QGN + QFN + QRN + qCN 

If ?ID• TIN 
HLD • QTD if OTD<O 
HLN • QTN if QTN <.O 
CLD • QTD if QTD>O 
CLN • QTN if QTN >O 

otherwise the following calculation& are necessary 

Envelope heat transfer factor 

alao let 

ZK • 
N I 
t Ui Ai + 1.08 * CFH 
i - l 

ZX • EXP ( _:!!!!! ) 
THTC 

ZY • EXP c-12+PUH) 
THTC 

Cooling aeaaon calculations: (QTD>O and QTN>O) 

PULDWN: Evening pull-down cooling requirement o~ce~sary to lower 
the building ~emperatur~ from TID of daytime to TIN of nightti~ 
within a •pecified pickup period of PUH hours. 

PULDWN • ZK * (TON - TID + (TID-TIN) ) 
1-Z.X 
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DH • duration of morning warm-up hour during which the cooling is off 

DH • THTC * 1.n ( ZQ-T .N+TOD+TD ) 
ZQ-Tll)+1'0D 

where ZQ • SGD+<}RD 
HRDAY*ZK 

CON: total daytime cooling hour 

CON • HRDAY - DH 

daytime cooling load 

QTD • QTD • CUNill 

QTN: actual nighttime cooling requirement 

CLN • QTN*(HRNIT-PUH) + PULDWN * PUH 
HRNIT 

I:l the natural cooling ia used as 

if lACNV•l, CLD-0 for TOD! TlD 

CLN-0 for TON ! TIN 

Heating aeaeon calculations: (QTD<o and QTN<O) 

PICKUP: early morning pick-up heat.ing requirement rieceasary to raise 
the building temperatures from TIN to TIO within PUH hours 

PICKUP • ZK * ( 
(TIN - TOD) + ('!ID-TIN) )*PUH 

1- ZX 

DH: duration of evening cool-dow~ houra during which the heating 
ayatem is off 

DH • THTC* .l.D 

... ban ZQ .. ~RN .. ZK HRNIT 

CON: total heating houra 

CON • HRNl T-DH 

daytime heating load 

( 
TID-+TD-TON-ZQJ 

TlN-TON-ZQ 

BCD • gTD*(l:lRNIT-PUH) - PICKUP * PUH 
HRNlT 
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I 
nighttime heating requirement 

HLN • QTN*CON/HRNIT 

5.9. HCRT: Heating and cooling requirement calculations 

Input: 

HLD • dayti~e sensible heating load, Btu/day 
HCN • nighttime sensible heating load, Btu/day 
CLD daytime sensible cooling load, Btu/day 
CLN • nighttime sensible cooling load, Btu/day 
HL • daily sensible heat load • l:ILD + HLN 
HG daily sensible co~Alng load • CLD + CLN 
lU.GH • latent heat gain 
AIRLOS • air leakage through ducts • AIR LOSS x 1U04 

supply air 

Heating requirement: HREQ • HL * (l.O + AlRLOS/100) 

if cooling season, HREQ • 0 

Cooling requirements: CREQ • (HG+ LHG) * (1.0 + AIRLOS/100) 

if open windows in sum.mer when outdoor 
temp. < thermostat setting, J.JiG • 0 

if heating season, CREQ • 0 

S.10. EREQ: Energy r~quirement 

Input: 

HREQ 
CREQ 
EH 
E~ 

WHllEQ 
QS 
QQC 
QQH 
lSYS 

• heating requirement 
• cooling requirement 
• heating efficiency 
• cooling effici~ncy 
• hot water heating requirement 
• en .. rgy from solar collector 
• heat gain throu~h ducts and pipes 
• heat loss through ducts and pipes 
• system index 

1 • heating + no cooliug 
2 • no heating + cooling 
3 • heating + cooling 
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Output: 

System Index 

l~YS • l 

2 

J 

EllEQ (Energy Requir~ment) 

Heatinai t:nergy Coolin~ Ener¥Y 

Requirement Requirement 

(HREQ + WHREQ + Q~ + QQH)/EH 0 

(WHREQ + QS + QQH)/EH (CRJ::4 + 4~C) 

(HREQ 'f" Wlil.lli\.! + Q8 + QQM)/El:i (Ciili(;l + QQC) 

5.11. SEU: Solar collector heat gain 

Input: 

----- -

SA, SB • Collector efficiency curve data 

AY· (TE·TimJ 
I 

Typical 1olar collector performance. 
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f 

SA 

High Performance o.s 

(double glaze, selective surface) 

Medium Performance 0.15 

(double glaze, common black) 

(single glaze, selective surface) 

Low Periormance 0.1 
(single glaze, common black) 

T.£ • inlet fluid temperature to the collector, °F 
TOD • daytime outdoor temperature, •F 
I • daily total solar radiation, Btu/day 
SUP • solar heat utilization factor 

0.8 for large storage tank system 
0.5 for small st~rage tank system 

AS • collector area, ft2 

HRDAY • daytime hours, hr 

Solar heat utilized 

QS • AS*SA* (1 - HRDAY*(TE-TOD~'*SUF w I 
SB*I :; 

5.12. .9,!.: Infiltration heat gain 

Input: 

Outputs 

.. ... .__ .~ ... -... . --... ,,,- .... ·----· 

I 

INFIL • infiltration rate, cfm 
TOD • daytime outdoor temperature, •F 
TON • nighttime outdoor temperature, •F 
TID • daytime indoor temperature, •p 
TIN • nighttime indoor temperature, •F 
RH - room relative humidity, % 
RHA • afternoon outdoor relative humidity, % 
RID! • morning outdoor relative humidity, % 
HKDAY • daytime hours 
HRNIT • niahttime hours 

Daytime sensible heat gain 
QID • l.08*INFIL* (TOD-TID)*HRDAY 
Nighttime sensible heat gain 
QIN • l.08*1NFIL*(TON-TlN)*liRNIT 
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Latent heat 

Determine the humidity ratio of indoor and outdoor air from 
psychrometric chart or by calling the psychrometric routine 
described in (S.15). 

Calculate in1oor humidity ratio WIN and WID by 
nighttime Call DBRH (TIN, RH, WIN) 
and daytime Call DBRH (TID, RH, WID). 

Determine the daytime and nighttime humidity ratioa of 
outdoor air, WOD and WON by 

Call DBRH (TOD, RHA, WOD) 
Call DBRH (TON, RHM, WON) 

Daytime lateat heat gain: 
QlLD • 4.5*INFIL*(WOD-WID)*l06l*HRDAY 

Nighttime latent heat gain: 
QILN • 4.S*INFIL*(WON-WIN)*l06l*HRNIT 

It is important to note that QID, QIN, QIU> and QILN are 
all zero when the natural cool.ing is used to minim.:I ze 
or eliminate the need for mechanical cooling. 

5.13. ~CHG: Opaque envelope conduction heat gain (walls, doors, roofs 
and floors) 

Input: For all the opaque envelope such as atticless roofs, walls 
and doors, the following input data should be provided: 

SATD 
SATN 
u 

A 
TID 
TIN 
HRDAY 
HRNIT 

• daytime ~ol-air temperature, •F 
• ni~httime sol-air temperature, °F 
• overall h~at transfer coefficient, 

Btu/h f~ 0
t' 

• area, ft 
• daytime indoor temperature, •F 
• nighttime indoor temperature, °F 
• daytime hours, hr 
• nighttime hours, hr 

For daytime heat gain, QlJ • U*A*(SATD-TlD)*HRDid Btu/day 
For nighttime heat gain, QN • U*A*(SATN-TIN)*HK..~IT Btu/day 
For the attic ceiling and crawl space floor, the sol-air 

temperature should be- replaced by the attic temperature 
and crawl-space i:emperature. 

5.14. _9!: t1.1ternal heat gain 

Input: 

NPD • number daytime occupants 
NPN • number nighttime occupants 
WTD • average daytime lighting power, w 
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1,(!N • average nighttime lighting power, w 
WED • average daytime equipment power, w 
WEN • average nighttime equipment power, w 
HRDAY • daytime hours, hr 
HRNll • nighttime hours, 

Sensible heat gain 

It is assumed that 1/3 of the equipment heat is used for t.he 
evaporation of water vapor such as from cooking. 

Daytime: QRSD • [NPD*240 + [WTD+(WED*0.66)J*3.413]*tlRDAY 
Nighttime: QB.S-!'! • [NPN*240 + [WTN+(W.C:N*0.66))*3.413]*HRNIT 

Latent heat gain 

Daytime: QRLD • [NPD*l60 + (WED*0.34)*3.413)*H~lDAY 
Nighttime: QRLN • [NPN*l60 + (WEN*0.34)*3.413]*WtNIT 

5.15. DBRH: Relative humidity routine (oee Appendix C-27) 

Input: 

DB • dry-bulb temperature, •y 
RH • relative humidity, % 

Calculation alg~rithms for psychrometric routines are provided in 
reference [4). 

Output: 

W • humidity ratio, lb/lb 

S .16. BSMT: Bllsement temperature and heat loss cal<'.ulation 

Input: 

ZK 
UBW 
UBF 

UFLRl 

BWAEX 
ZwA 
BFA 

ground thermal conductivity Bty-in/hr ft2 •r 
• basement wall heat conductance, Btu/hr ft2 •r"!l 
• basement floor heat conductance, Btu/hr ft2 •y~I 

• heat condu~tance of floor above the basement, 
Btu/hr ft °F 

• Area of the exposed seition of the basement wall, ft2 
• basement wall area, ft . 
• basement floor area, ft2 

t. • height of the basement wall which ia ground covered, ft 

. .!.IUBW and UBF are to be determined from the room air to the external 
surface of the wall/slab (soil interface). 
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Output: 

TID • daytime temperature of the room above, °F 
THl • nighttime temperature of the room above, °F 
?OD • daytime outdoor ~e~perature, °F 
TON • nighttime outdoor temperatur~, °F 
TG • ground temperature, °F 
HRDAY • daytime hours, hr 
HRNIT • nighttime hours, hr 

QBHG basement heat gain from furnace, boiler, or other 
equipment, Btu/hr 

BSMTD • daytime basement temperature, °F 

BSMTN • nig;ttime basement temperature, °F 

BQFD 
BQFN 
TO 

• daytime basement heat loss, Btu/day 
• nighttime basement heat loss, Htu/day 
• (TOD + TON)/2.0 

There are no exact solutions, similar to those desLribed in the slab·-·on­
grade calculation, for the basement wall heat condition. An approximate 
value of UW may be obtained by the following equation. 

l 

uw - l + 1 for the exposed section. 
UFW 1iO 

ln(l • * UFW * L ) uw - 2*ZK * + for the ground·covered 
(• *L) 2 * ZK section. 

The latter equation was derived from the assumption that the heat flow 
path between the basement wall and the ground surface is a quarter circle. 

Baaement flow heat transfer coefficient. 

UP • The value should be determined by the same procedure 
used in the calculation of slab-on-gradl. floor heat 
transfer coefficient described in section 5.6. 

BSMTD • QBHG+uW*BWA*TO+uF*BFA*TG+uFLRl*BFA*TID 
UW*BWA+UF*BFA+uFLRl*BFA 

BSMTN • SBHG+ulY*BWA*TO+uF*BFA*TG+lJFLRl*BFA*TIN 
UW*BWA+UF*BFA+uFLRl*B~A 
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If basement is heated 

5 .17. HWHREQ: 

BQFD • (-UW*(TID-TO)*BWA-UF*(TID-TG)*BFA)*HRDAY 
BQFN • (-UW*(TIN-TO)*BWA-UF*(TIN-TG)*BFA)*HRNIT 
BSMTD • TIO, BSMTN • TIN 

If basement is not heated BQFD & BQFN are calculated by 
using Subroutine 
QECHG (•7.13. Opaque envelope conduction heat 
gain calculations) and the basement temperatures, 

BSMTD a~d BSMTN above. 

hot water heating requirement 

Input: TOUT • hot water outlet temperature •F 
TIN • hot water inlet temperature • ground tempera-

ture °F 
HWT • hot water usage, gall~ns/day 
A • total jacket area, ft 
BSMTD • daytime basement or indoor temperature, •F 
BSMTN • nighttime basement or indoor temperature, °F 
01 • thickness of existing tank insulation, ft 
RAMl • thermal conductivity of existing insulation, 

Btu/hr, ft, °F 
D2 • thickness of additional insulation, ft 
RAM2 • thermal conductivity of additional insulation, 

Btu/h, ft, °F 
HRDAY • daytime hour, hr 
HRNIT • nighttime hours, hr 

Output: lleat loss through existing jacket insulation around tha 
hot water tank 

where 

where 

HLHWHl • Ul*A*((BSMTD-TOUT)*HRDAY) + (BSHTN-TOUT)*HRNIT) 

Ul • 1.0/(0.685 + Dl/RAMl) 

Heat loos through additional jacket insulation of 
hot water tank 

HLHWH2 • U2*A*((BSMTD-TOUT)*HRDAY) + (BSHTN-TOUT)*HRNIT) 

U2 • 1.0/(0.685 + Dl/RAMl + Dl 1°RAM2) 

Energy saving by additional insulation over the hot 
water tank 

SAVE • HLHWH2-HLHWH1 

Hot water heating requirement, including jacket heat 
los& 
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WHREQ • 500.0/60.0*(TIN-TOUT)*HWT + liLHWH2 

If WHREQ > 0, WHREQ • 0 

Hot water heating requirement, excludin~ jacket heat los5 

WHREQ2 • WHREQ - HLHWH2 

5.18. CSDUPI: heat loss and gain through ducts and pipes in crawl 
space 

Input: ADUCT • total surface area of due~ in crawl space, ft 2 

UDUCT U value of duct, Btu/h ft °F 
APIPE • total surface area of pipI in crawl space, f t 2 

UPIPE U value of pipe, Btu/h ft °F 
TCSUPA • supply chilled air temperature~ •F 
TCSU~W • Hupply chilled water temperature, ~F 
THSUPA • supply hot air temperature, °F 
THSUPW • suppl-y hot water temperature i --°F 
CRAWLD • daytime crawl temperature, °F 
CRAWLN • nighttime crawl temperature, °F 
CFAC • factor for estimating operation time of cooling 

equipment 
HFAC • factor for estimating operation time of heating 

equipment 
HRDAY • daytime hours, hr 
HRNIT • nighttime hours, hr 

Output: Heat gain through ducts and pipes 

QC • ADUCT*UDUCT*((CRAWLD - TCSUPA)*HRDAY + (CRAWLN -
TCSUPA)*HRNIT) *CFAC + APIPE*UPIPE*((CRAWLD -
TCSUPW)*HRDAY + (CRAWLN - TCSUPW)*HkNIT)*CFAC 

Heat loss through ducts and pipes 

QH • ADUCT*UDUCT*((CRAWLll - THSUPA)*HlU>AY + (C.l<AWLN - THSuPA) 
*HRNIT) *HFAC + APIPE*UPIPE*((CRAWLD • TttSUPW)*Hl:UlAY + 
(CRAWLN - THSUPW)*HRNIT)*h.FAC 

If cooling ee~son, QH • 0 
If heating season, QC • 0 

5.19. ASDUPI: heat loss and gain through ducts and pipes in attic 
space 

Iaput: ADUCT • total surface area of duct in attic apace, ftl 
UDUCT • U value of duct, Btu/h, ft2 OF • 

ft2 APIPE • total surface ar~a of pipe in attic space, 
UPIPE • U value of pipe, Btu/h, ft2 , •r 
TCSUPA • supply chilled air temperature, •F 
TCSUPW • supply chilled water temperature, •r 
Tl:iSUPA • aupply hot air temperature, • io· 
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Output: 

THSUPW • supply hot water temperature, OF 
AID • attic daytime temperature, OF 
ATN • attic nighttime temperature, OF 
CFAC • factor for estimating operation time of cooling 

equipment 
HFAC • factor for estimating operation time of heating 

equipment 
HRDAY • daytime hours 
HRNIT • nighttime hours 

Heat gain through ducts and pipes 

QC • ADUCT*UDUCT*((ATD - TCSUPA)*HRDAY ~ (ATN - TCSUPA) 
*HRNIT)*CFAC + APIPE*UPIPE*((ATD - TCSUPW)*HRDAY + 
(ATN - TCSUPW)*HRNIT)*CFAC 

Heat loss through ducts and pipes 

QH • ADUCT*UDUCT*((ATD - THSUPA)*HRDAY + (ATN - THSUPA) 
*HRNIT)*HFAC + APIPE*UPIPE*((ATD - TliSUPW)*HRDAY + 
(ATN - THSUPW)*HRNIT)*HFAC 

If cooling season, 4H • 0 
If heating season, QC • 0 

s.20. ~..!..= heat loss and gain through ducts and pipes in basement 

Input: 

Outputi 

ADU CT • total surf ace area of duct in basement, ft2 
UDUCT • U value of duct, Btu/h tt2 •F 
I.PIPE • total surf ace area of pip~ in basement, ft2 
UPIPE U value of pipe, Btu/h ft °F 
TCSUPA • supply chilled air temperature, °F 
TCSUPW • supply chilled water temperature, •r 
THSUPA • supply hot air temperature, •F 
THSUPW • supply hot water temperature, °F 
BSMTD • basement daytime temperature, •F 
BSh1'N • basement nighttime temperature, °F 

CFAC • Iactar for estimating operation time of 
cooling equipment 

aFAC • factor for estimating operation time of 
heating equipment 

HRDAY • daytime hours, hr 
HR.NIT • nighttime hours, hr 

Heat gain through ducts and pipes 

QC • ADUC'.i'*UDUCT*( (BSMTD - TCSUPA)*H.lWAY + (BSMTN - TCSUPA) 
*HRNIT)*CFAC + APIPE*UPIPE*((BSMTD - TCSUPW)*HlillAY + 
(BSMTN - TCSUPW)*HRNIT)*CFAC 
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Heat loss through ducts and pipes 

QH • ADUCT*UDUC'I*((liSMTD - THSUPA)*HRDAY + {BSMTN - THSUPA) 
*HRNIT)*H.FAC + APIPE*UPIPE*((BSMTD - TH~UPW)*H.lUJAY + 
(BSMTN - THSUPW)*HRNIT)*HFAC 

If cooling seaeion, QH • 0 
If basement heated, QH • 0 
If he~ting season, QC • 0 

5.21. OSDUPI: heat loss and gain through outdoor ducts and pipes 

Input: ADUCT • total surface area of out~oor duct, ft2 

ULUCT • U value of duct, Btu/h ft °F ~ 
Al:'IPE • total s~rfe ~e -r~& ~f ouc~uor pipe, ft6 

UP!PE U value of pipe 9 Btu/h ft °F 

Output: 

TCSUPA supply chilled air temperature, °F 
TCSUPW • supply chilled water temperature, °F 
THSUPA ~ suppl y hot ai r t emperature, °F 
THSUPW • supply hot water temperature, °F 
TOD • daytime outdoor temperature, °F 
TON • nightti~e outdoor temperature, °F 
CFAC • factor for estimating operation time of 

cooling equipment 
HFAC • factor for estimating operation time of 

heating ~quipment 
HRDAY • daytime hours• hr 
HRNIT • nighttime hours, hr 

Heat gain through ducts and pipes 

QC • ADUCT*UDUCT*((TOD - TCSUPA)*HRDAY + {TON - TCSUPA) 
*HRNIT)*CF.i.C + APIPE*UPIPE*({TOD - TCSUPW)*HRDAY + 
(TON - TCSUPW)*HRNIT)*CFAC 

Heat loaa through ducts and p!~ea 

QH • ADUCT*UDUCT*((TOD - THSUPA)-'~AY + {TON - THSUPA) 
*HRNIT)*HPAC + APlPE*UPIPE~{(TOD - IHSuPW)*liRUAY + 
{TON - THSUPW)*HRNI'I')*HFAC 

If cooling •easoo, QH • 0 
If heating sea~on, QC • 0 

i'\ 

The routines described above are incorporated into a Fortran p1ogram, 
listing of which ia g~ven in Appendix c. 

26 

I 

-v l 
I 

~, '._ 

/ 

I 
I 
I 

/. 

y 
,, 

d 
I 
-~ 

I 
ho. 

l ~· 
~· - .. 



I 

./ 

.. 

,. , . 

Appendix D pre•ent• a description of the data file and suggested default 
values to be used for the heating and cooling requirement calculations. 

~. COMPARISON WITH DOE-2 RUNS 

Figures5 and 6 are compari*ons of annual heating and cooling requirements 
obtained by the simplified procedure described herein ~1th those obtained 
by DOE-2, a comprehensive hourly simulation program for building energy 
analysis, for ten cities and for a combination of several ener~y conser­
vation options aa •hown in Table 1. The basic building data used for 
these comparative calculatioe7 are described in a recent report of the 
Lawrence Berkeley Laboratory4 • 

Ae can be seen, the total annual heating and cooling requirements obtained 
by the simplified proc~dure do not agree well with those determined by 
the DOE-2. 

Since the DOE-2 uaes TRY (Typical Reference Year) weather data, a aet of 
monthly nor~al day data were generated from the llOE-2 p~ogram from the 
TRY weather data tape and used in the simplified calculation procedure. 
The infiltration routine waa also modified to be consistent with the 
DOE-2 algorithm. Figures 7 and 8 show the improved relationships between 
the two calculations as the result of these t~o adjustments • 
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Table 1. Building Data for the Comi'ai:ative Calculations with DOE-2 

' .. . 

"' Citv Base Case Additions to Base Levels of Insulation, Glazing 

Wall Attic Windows Floor Options 
-- 1 2 3 4 .s 6 7 8 

Minneapolis Alum Siding R-22 Double Basement R-38 R-19 Triple R;;:.25 ' . R-ll U=.0001)01 Attic Wall Glaze Wall 

Chicago Alum Siding R-19 Double Basement R-38 R-30 R-19 R-38 Triple R-25 
-\· t R-11 U=-.000001 Attic Attic Wall Attic Glaze Wall 

Portla.'ld Alum Siding R.-19 Double Crawl Space R-19 R-19 R-38 Triple R-25 
R.-11 R-7 Vall Floor Attic Glaze Wall 

U-.04339 

Washington Alum Siding R-19 Double Basement R-30 R-19 R-38 Triple R-25 
'I,_ 

DC R-ll u-.000001 Attic Wall Attic Glaze Wall 

Atlanta Ahn Siding R.-19 Single Crawl Space Double R-ll R-30 R-19 R-38 Triple R-19 R-25 
R-ll R-7 Glaze Floor Attic Wall Attic Glaze r-'loor Wall 

Ca.04339 .., 
CD 

Fresno Stucco R-19 Single Slab-on- Double R-30 R-19 R-38 Triple 
R-11 Grade Glaze Attic Wall Attic Glaze 

.. 

' 
Um.1202 

Burbank Stu CCC• ll-19 Single Slab-on- Double R-30 R-19 R-38 Triple -
ll--11 Grade Glaze Attic Wall Attic Glaze ,, I U=.1202 . 

Phoenix Alum Siding R-19 Single Slab-on- Double R-30 R-19 R-38 Triple 
~ ' ... f 

R-11 Grade Glaze Attic W<.11 Attic Glaze 
U•.1202 

Houston Alum Siding R-19 Single Slab-on- Double R-30 R-19 R-38 Triple 
R-11 Grade Glaze Attic Wall Attic Glaze 

U=.1202 
' . I · .. Ft. Worth Alum Sidin~ ll-19 Single Slab-on- Double R-30 R-19 R-38 Triple 

lt-11 Grade Glaze Attic Wall Attic Glaze 

""" 
U=.1202 
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APPENDIX A. LIU-JORDAN SOLAR CALCULATION DATA 

t Rad.talion and Other Data for 80 LocaUons In the United States and Canada 

. . u/ 2 
(H. Monthly averace dally total r4.diation on a horlz.ontal aurface, Bt day-ft ; Ki• the fracUon of the extra terrestrial radiaUon tr•.Aamitted throucl 
the atmosphere; t

0 
• ambient temperature, des F.) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec 

Albuquerque, N. M .•.•.... R 1150.1 1453.9 1925. 4 2343.5 2560.1 2757.5 2561. z 2387.8 2120.S 1839.8 1274.Z 1C51.I 
Lat. 35•03'N •••••.••..• ,· ~ 0.704 0.691 0.719 0.722 0. 713 0. 73'1 0.695 0.708 0.728 0. 'Ill 0.684 0.704 
El. 5314 fl ............ t 3'1.3 43. 3 50.1 59.6 69.4 79.1 82.8 80.6 73.8 62.1 47.8 39.( 

0 

AA'lctte Is., Alask.a .•.••.. R 231.2 428.4 883.4 -1357.2 1634.7 1638.'1 1132.l 1269.4 962 454.8 220.S 152 
L:it. 55°02'N •..•.•••.•. !'t 0.427 0.415 0.492 0.507 0.484 0.441 0.454 0.427 0.449 0. 347 0.304 0.311 
El. 110 ft : •.....•....• 35.8 37. 5 39.7 44.4 51.0 56.2 58.6 59.8 54. 8 48.2 41.9 37.4 

0 

Apalachicola, f1orlda .•••. R 1107 1378.2 1654.2 2040.9 2268.8 "2195.9 1978.6 1912.9 1'103.3 1544.8 1243.2 . 1182.3 
Lat. z9•45•N .••.••.•••• Kt 0.577 0.584 0.576 0.612 0.630 0. 594 0.542 0.558 0.559 0.601 0.57' 0.543 
Ei. 35 ft .......• • •.... t 57.3 59.0 62.9 69.5 76.4 81.8 83.l 83.l R0.6 73.2 U.7 58. 55 o. 

Astoria, Oregon ••••.••.• 11 338.4 607 1008.5 1401. 5 1838.7 1753.5 200'1 . ., 1'121 1322.5 780.4 413.8 295.2 
Lat. 46 12 'N ••••••••••• ~ 0.330 0.397 0.454 0.471 0.524 0.468 0. 551 0.538 0.526 0.435 0.336 0.332 
El.an ......... ;_ •..•. 41. 3 44.7 46;9 51. 3 55.0 59.3 62.6 63.8 62.2 55.7 48.5 43.9 

0 
> AUanta, Georgia .••.•••• R 848 1080.l 1426.9 1807 2618.lZ 2002.8 2002.9 1898.1 1519.2 1290.8 997.8 '151. 8 I ..... Lat. 33°39 1N .•.•••.•••• Rt 0.493 0.496 0.522 0.551 0.561 0.564 0.545 0.559 0.515 0.543 0.510 0.474 

El. 976 ft .••..••..•.•. to 47.2 49.6 :S.9 65.0 73.2 80.9 82.4 81. 6 17.4 66.5 54.8 4'1.1 

Burow, Alaska. •••..•••. Ji 13.3 143.2 '113.3 1491. 5 1883 2055.3 1602.2 95:,,5 428.4 152.f 22.9 
Lat. '71°20'N ••••••.•••• Kt - 0.776 ·o. 773 0.726 0.553 0.533 0.448 0.377 0.315 0.35 
El. 22 ft ...••.•••••••. . to -13.2 -15.9 -12.7 2. 1 20. 5 35.4 41.6 40.0 31., 18.6 2.6 -8.8 

•:' Bethel, Al~ka .•.......• R 142.4 404.8 1052.4 1662.3 1711.8 1698.1 1401. 8 S38.7 755 430.8 164.9 83 ,(\. 
J}' ~. Lat. 60°47'N •.•.•.••... Kt 0.536 0.557 0.704 0.675 0.519 . 0.458 0.398 0.336 0.406 . 0. 432 0 . 399 0.459 

' El. 125 ft ..••......... to 9.Z 11.6 14.2 29.4 42.'1 55.5 56.9 54.8 47.4 33.7 19.0 9.4 

Disrnarck, North Dakota .•. R 587. 4 934. 3 1328.4 1668.2 Z056.l 2173.8 2305.5 1929. l 1441.3 1018.1 600.4 464.2 
Lat. 46° 47'N. , •••••...• Kt 0.594 0.628 0.6CS 0.565 0.588 0.579 0. 634 v.606 0.581 0.584 0.510 0. 547 

'> El. 1660 ft .••••••..••. t 12.4 15.9 29.7 46.6 58.6 07.9 76.1 73.5 61. 6 49.8 31. 4 18.4 
0 

Blue Hill, Mass •....•... R 555.3 797 1143. 9 1438 1776.4 1943.9 1881.5 1622.1 1314 941 592.2 482.3 
Lat. 42°13 'N ..•••••••.. !'t 0.4-i5 0.458 0.477 o. 464 0.501 0.516 0.513 O . .C95 0.492 0.472 0.406 0.436 
El. 829 ft . ••.•.....•.• 28.3 28.3 36.9 46.9 58.5 67. 2 72.3 70.6 . 64. 2 54.1 .C3.3 31.5 

0 

Boise, Idaho .......••.• Ji 518.8 884.9 1280.4 1814.4 2189.3 237fi.7 2500.3 2149 . 4 1717. 7 1128.4 678.8 458.8 
Lat. 43° 34'N .••..•••.•• Kt 0.446 0. 533 0.548 0.594 0.619 0.631 0.684 0.660 0.656 0.588 O . .C94 0.442 

. El. 2841 ft .......••.•. t 29.5 36.5 45.0 53.5 62.1 69.3 79.6 77.2 66.7 56.3 42.3 33.1 
0 

............ _ 



Appendix A (Continued) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec . 

Boston, Mass. ••.••.•..• P. 505.5 738 1067.1 1355 1769 1864 1860. 5 1570. l 1~67.5 896.7 535.8 442.8 
Lal. 42°22'N •••. • . . ...• ~ 0.410 0.426 0.445 0. 438 0.49:> 0. 495 0.507 0.480 0.477 0. 453 0.372 0.400 
El. 29 ft .•.••.. • •..... 31. 4 31.4 39. 9 49.5 60.-4 69.8 74.5 73.8 66.8 57 . 4 46.6 34.9 0 

Brownsville, Texas •••..• R nos. 9 1262.7 1505 . 9 1714 2092.2 2288.5 2345 2124 1774.9 1536.5 1104. 8 98l.3 
Lat. 25°5S'N •.•. •.. •... Rt 0. 517 0.500 0.505 0. 509 0.584 0.627 0.650 0.617 0.566 0.570 0.468 0.488 
El. 20 ft . .••••• . ..•••. t 63.3 66.7 70 . 7 76.2 81.4 85.1 85.5 86.9 84.1 78.9 70.7 65.2 

0 

Caribou, Maine .• • • • .•.• R 497 861. 6 1360.1 1195. 9 1779.7 1779.7 1898.1 1675.6 1254 . 6 793 415.5 398 . 9 
Lat. 46° 52'N .••.. .. ••.• R:t 0.504 0. 579 0.619 0.507 0. 509 0.473 0.522 0.527 9.506 0.455 0. ;)!:~ 0. 470 
El. 628 ft . •• ••. . • . ••.. t 11. 5 12. 8 24 . 4 ~7.3 51. 8 61.6 67.2 65.0 56 . 2 44. 7 . 31.3 16. 8 

0 

Charleston, S. C .• •.. .... TI 946.1 1152. 8 1352.4 1918.8 2063.4 2113. 3 1649.4 1933.6 1557.2 1332.l lil7.:. . .) ; :; ;t 
Lat. 32.0 ~4'N ~ ... . . . . • .. Rt 0 . 541 0.521 0. 491 0. 584 0.574 0. 567 0.454 0. 569 0.525 0. 554 0.5JS 0. 5()6 
El. 46 ft . • .•... . . . .... t 53.6 55.2 6~.6· 6'1.8 74.8 80.9 82.9 82.3 79.l 69.8 59.e 5·~- 0 

0 

Cleveland, Ohlo .•.•.•.•. R 466.8 681. 9 1207 1443.9 1928.4 2102.6 2094.4 1840.6 1410. 3 997 526.6 427.3 
Lat. 41°24'N •....•...•. Rt 0.3&1 0.383 0.497 0. 454 0.543 0.559 0.571 0.559 0.524 0. 491 0.351 0. 371 
El. 805 ft • ...•••.. . ••. t 30.8 30.9 39.4 50.2 62.4 72. 7 77. () 75.1 68.5 57.~ 44.0 32.8 

0 

Columbia, Mo . . . . . ..... H 651. 3 941. 3 1315 . 8 1631. 3 1999.6 2129.1 2148.7 1953.1 1689. 6 1202 . 6 839.5 590.4 

> Lat. 38°58'N .•. .. ...... K:t 0. 458 0.492 0.520 0. 514 0.559 0. 566 0.585 0.588 0.606 0. 562 0.510 0.457 
I El. 785 ft . • .•••..•..•• t 32: 5 36.5 45.9 57.7 66 . 7 75.9 81. 1 79.4 71.9 61. 4 46 . 1 ~5.8 

N 0 

Columbus, Ohlo . .. . . .... Ti 486.3 746.5 1112.5 1480.8 1839.1 . (2111) 2041. 3 1572.7 1189. 3 919.5 ng 430.2 
Lat. 40°00'N ..•. • ...... ~ 0.356 0.401 0.447 0.470 0.515 (0. 561) 0. 555 0.475 0.433 0.441 0.302 0.351 
El. 833 ft ...••• ..• .•• . 32.1 33.7 42.7 53.5 64.4 74.2 78 75.9 70.1 58 44. 5 34.0 

0 

Davis, Calif ..•..••..••. H 599.2 945 1504 1959 2368.6 2619.2 2S65.6 2287.8 1856.8 1288.5 '795.6 550.S 
I..;at. 38° 33'N ••••.••..•• · R 0.416 0.490 0.591 0. 617 0.662 0.697 0.697 0.687 0.664 0. 598 0.47'? 0.421 
El. 51 ft .• • •.•.......• . t t 47.6 52.1 56 . 8 63.l ""~ ~ 75.7 91 79.4 '16.7 6'1 . 8 57 48.7 OP.v 

0 

Dodge City, Kan .. . ...... R 953.1 1186. 3 1565.7 1975. 6 2!26.5 2459.8 240<>. r 2210. 7 1841. 7 1421 1065.3 873.8 
Lat. 37"46'N ..•••. . •.•. Rt 0.639 0.598 C.606 0.618 0. 594 0.655 0.652 0.663 0. 654 0.650 0.625 0.652 

,. El. 2592 ft .•.• •• • . .. • . t 33.8 38.7 46 . 5 57. 7 66.7 77 . 2 83 . 8 82.4 73.7 61. '1 46.5 36.8 
0 

East Lansing, M!chlga.."t ••• 'R 425.8 739.l 1086 1249 . 8 1732 . 8 1914 1884.5 1627. 7 1303 . 3 891. 5 4~'3.1 379 . 7 
Lat. 42° 44'N .••• .. ..•.. Rt 0. 35 0 . 431 0.456 0.406 0.489 0.508 0. 514 0.498 0. 493 0.456 0.333 0.349 
El. 856 ft .. ... . .. ' ..... t 26.0 26.4 35 . 7 48 . 4 59.8 70.3 74 . 5 72. 4 65 . 0 53.5 40.0 29.0 

0 

East Wareham, Mass ••••• H 504.4 762.4 1132. l 1392.6 1704.8 1958 . 3 1873.8 1607.4 1363.8 996.7 636.2 521 
Lat. 41°46'N . . . .. . . .... Rt 0.398 0.431 0. 46!? 0.449 0.480 0.520 0. 511 0. 489 0.508 0. 496 0.431 0.4fil 
El. 18 fl ... . . . ... . .... t 32.2 31. 6 39.0 48 . 3 58.9 67.5 74 . :i n.8 65.9 56 46 34.8 

0 

.... 
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Appendix A (Continued) 

Jan Feb Mar Apr May Jun Jul Aug S21> Oct NOT Dec 

Edm<lnton, Alberta •••.••• 1t 331. '1 652.4 1165. 3 1541. 1 l9C-O. 4 1914.4 1964.9 1528 1113. 3 704.4 413.6 245 
Lat. 53° 35 'N .•..• . •.••. Kt 0.529 0. 585 0.624 0.564 0.558 0.514 0.549 0.506 0. 508 0.504 0. 510 0.492 
El. 2211 ft •••••••••••• t 10.4 14 26.3 42.9 55.4 61.3 66.6 63.2 54.2 44.1 26.7 14.0 0 

El Pa.so, T~xa.s ••••.•..• R 1247.6 1612. 9 2048.'1 2447.2 2673 2731 2391. l ~~!)0.5 2077.5 1704.8 1324.'1 1051. G 
Lat. 31°48'N •.•.••••••• ~ 0.686 0. 714 0.730 0. 741 0.743 0.733 0.652 0.669 0. 693 0.395 0.647 0.628 ""t El. 3916 ft ••••..•. • .•. t 4'r l 53.1 58.'l 67.3 75. '1 84.2 84. 9 83.4 78.S 69.0 56.0 48.5 0 

Ely, Nevada. ••••..••••• R 171.6 1255 1749.8 2103.3 2322.l 2649 2417 2307.7 1935 1473 1078. 8 814.1 
Lat. 3c• 111N •.......... 

:<i 
0.618 0.660 0.692 0.664 0.649 0. 704 0.656 0.695 0.696 0.691 0.658 0.64 

El. 6262 ft ...•.•...... 27.3 32.l J9.5 48.3 57.0 65.4 74.5 72.3 63.7 52.1 39.9 31.1 0 

Fairbanks, Alaska .•....• ii 66 283.4 860.5 1481. 2 1806.2 1970.8 1702.9 1247.6 099.6 323.8 104.1 20.3 
Lat. 64° 49'N •.••.•••••. Kt 0.639 0.556 0.674 0.647 0.546 0.529 0. 485 0.463 0.419 0.416 0.47 0.458 
El. 436 ft . . " . . . . . ..... t -'1. 0 0.3 13.0 32.2 50.5 62.4 63.8 58.3 47.l 29.6 5.5 -6~6 0 

Fort Worth, Texas ..•••.. 1l 936.2 1198. 5 159'1.8 1C29.1 2105.l 243'1.t' 2293.3 2211>. e 1880.6 1476 1147.8 913.8 
Lat. 32°50'N .•••••••.•. y't 0.530 0.541 0.577 0.556 0.585 0.654 0.624 0.65!4 0.634 0.612 0.576 0.583 

' El. 544 ft .••.......••• to 48.1 52.3 59.8 68.8 75.9 84.0 87. 7 88.6 81.3 71. 5 58.8 50.8 
·j_ 

l Fresno, CalU ....•.••.•• 'R 712.9 1116.6 1652.8 2049.4 2409.2 2641.7 2512.2 2300.7 1897.8 1415. 5 906.6 816.8 . ' Lat. 36°46'N .••.••••••. xt 0.462 0.551 0.632 0.638 0.672 0.703 0.682 0.686 0.665 0.635 0.512 0.44 > 

r 
I El. 331 ft •.••..••••••• t 47.3 53. 9 59.1 65.6 73.5 80.'1 87.5 84.9 78.e 68.7 57.3 48.9 w 0 

·I Gainesville, Fla .•....... R 1036.9 1324.'1 1635 1956.4 ·1934. 1 1960.9 1!195.6 1873.8 1615.1 1312.2 1169. 7 919.5 
'-1 .. Lat. 29° 39 'N .••••• • .••• ~ 0.535 t.56 0.568 0.587 0.538 . 0. 531 0.519 0.547 0.529 0.515 0.537 0.508 

El. 165 ft ....•........ 62.1 63.l 61.5 72.8 '19.4 83.4 83.8 84.1 82 '15.7 67.2 62.4 0 

Glasgow, Mont ... . .. , ..• D 5'12 . ., 965.7 1437.8 l74l.3 2127.3 2261. 6 2414.7 1984.5 1531 997 574.9 428.4 
Lat. 48° 13 'N . . . . . . ..••. R 0.621 0.678 0.672 0.597 0.611 0.602 0.666 0.630 0.629 0.593 0.516 0.548 
El. 2277 ft ...•.•••..•• t t 13.3 17.3 31.1 47.8 59.3 67.3 76 73.2 61.2 49.2 31.0 18.6 0 

Grand Junction, Colo ..... if 848 1210.7 1622 . 9 2002.2 2300.3 2645 . 4 :?517. '1 2157.2 1~57 . 5 1394.8 969.'1 793.4 
Lat. 39°07'N ..•..•.•..• ~ 0.597 0.633 0.643 0.632 0.643 0.704 0.690. 0.65 0.705 0.654 ·0.59 0.621 
El. -4849 ft •••••••••••• 26.9 35.0 44.6 55.8 66.3 75.7 82.5 79.6 71. 4 58.3 42.0 31.4 0 

Grand Lake, Colo .•...••• if 73ri 1135. 4 1579.3 1876.7 1974. 9 2369.7 2103.3 1708.5 1715. 8 1212.2 7·,:-,. 6 660.5 
Lat. 40°15'N ...••••.•.• Rt 0.541 0.615 0.63'1 0. 597 0.553 0.63 0. 572 0.516 0.526 0.583 0.494 0.542 
El. 8389 ft •• , .•.••.•.. t 18.5 23.1 28 . 5 39.1 48.7 56.6 62.8 61. 5 55 . 5 45.?. 30.3 22.6 0 

·' I ii:: 
Great Falls, Mont ...••.. R 524 869.4 1369.7 1621. 4 1970.8 2179.3 2383 1986.3 1536 . 5 98"1.9 575.3 420.7 
Lat. 47° 29'N .••••.••••• Rt 0.552 0.596 0.631 0.551 0.565 0.580 0.656 0.527 0.626 0.574 0.503 0. 518 . 
El. 3664 ft ..•••.. •.•.•• t 25.4 27.6 35 . 6 47.7 57.5 64.3 73.8 71. 3 60.!I 51. 4 38.0 29.1 0 -

\ ' 
\ ' 
\ 

\ 



Appendix A (Continued) 

Jan Feb Mar Apr May .,, Jun Ji:.l Aug Sep Oct NoY D.:!c 

Greensboro, N. C .•..•••• R 743.9 1031. 7 1323.2 175!\.3 1988.5 2111. 4 203:1. 9 1810.3 1517.3 1202.6 908.1 890.8 
Lat. 36°05'N .•..•...••• .Rt 0.469 0.499 o. 499 0.543 0.554 0.553 o. 5:i2 0.538 0.527 0.531 0.501 0.47P 
El. 891 ft ••••••.•.•••• t 42.0 44.2 51. 7 60.8 69.9 78 . 0 do.:! 78.9 73.9 62.7 51. 5 43.2 0 

Gri.Uin, Coor'1a ..•.•.•.. il 889.6 1135. 8 H50.9 1!123. 6 2163.1 2176 206~~. 9 1961. 2 1605.9 1352.4 1073.8 781. 5 
L.lt. 33• 1s•N .•........• Rt 0.513 0.517 o.::2a 0.-586 0.601 0.583 0. Sti2 0.578 0. 543 0. 565 0.545 0.487 
El. 980 ft ..••••••••••• l 48.9 51.0 59.1 66.7 '14. 6 81. 2 83. ,, 82.2 78.4 68 57.3 49.4 0 

Hatteras, N. C ••••.••.•• H 891.9 1184. l 1590.4 2128 2376.4 2438 . 233•L3 2085.6 17~8.3 1337.6 1053.S 798.1 
Lat. 35° 13 'N •••.••••••• !'t 0. 546 0.563 0.5:}3 0.655 0.661 0.652 0.6H 0.619 0.605 0.58 0.566 0.535 
El. l It . ••..•.•..•••.• 49.9 49.5 54.7 61. 5 69.9 77. 2 80.0 79.8 76.7 67.9 59.1 51. 3 0 

Indianapolis. Ind . . .•.••• R 526.2 797.4 1184. l 1481.2 1828 2042 203!L 5 1832 . 1 1513.3 1094.4 662.4 491. 1 
Lat. 39°44'N .....••••.• Kl 0.380 0.424 0.472 0. 47 0. 511 0.543 0. 554 0.552 0.549 0.520 0.413 0. 391 
El. 793 fl. •••••• • .••••• l 31. 3 33.9 43.0 54.l 64.9 74.8 79.6 77.4 70.6 59.3 4.4.2 33.4 0 

lnyo1<ern, Calif ••••••••• R 1148 . ., 1554.2 2136.9 2594.8 2925.4 3108.8 2908.8 2759.4 2409.2 1819.2 3170.1 1094.4 
Lat. 35' 39'N ••••.•.•••• !'t 0.716 0.745 0.803 0.8 0.815 0.830 0.7~:> 0.820 0.834 0.795 0.743 0.742 

> El. 2440 It •••..•••.... 47.3 53.9 59.1 65.6 73.5 80.7 87.5 84.9 78.6 68.7 57.3 48.9 I 0 

"'"' Ithaca, N. Y. • • • • • . • • • • • i1 434.3 155 1074.9 1322.9 1'179.3 2025.1 2031.. 3 1'136.9 1320.3 918.4 466.4 370.1 
Lal. 42° 27'N •••..••...• ~ 0.351 0.435 0.45 0.428 0.502 0. 538 0. 55•l 0.530 0.49'1 0.465 0.324 0. 33'1 
El. 950 ft .•••.•.••.... 27. 2 26.5 36 48.4 59.6 68.9 73.9 71.9 64 . 2 53.6 41.5 29.6 0 

Lake Charles, La •.•.... n ~~9,i_~_l145. 7 1487. ( 1801. 8 2080.4 2213.3 J968.8 1910.3 1678.2 1505.5 1122.1 875.S 
Lat. 30°13'N .• - .-. ; ••..•• Kt 0.473 0. 492 0.521 0. 542 0.578 0.591 0.53(1 0.558 0.553 0.597 0.524 0.494 
El. 12 ft .•.••••••..•.. l 55.3 58.7 63.5 70.9 77.4 83.f 84.8 85.0 81. 5 73.8 62.6 56.9 0 

Lander, Wyo • . • • • • • • • . • 11' 786.3 1146. 1 1638 1988.5 2114 2492.2 2438.4 2120.6 1712.9 1301. 8 837.3 694.8 
Lat. 42• 48'N .•••••••.•. !'t 0.65 0.672 0.691 0.647 0. 597 0.662 o. 66~i 0.649 0.647 0.666 0.589 0.643 
El. 5370 ft •••••••••••• 20.2 26.3 34.1 45.5 56.0 65.4 '14. 8 12.5 61.4 48.3 ,3,4 23.8 0 . 
Lal v~gu, Ney ••••••••• R 1035.8 1438 1926.5 2322.I 2629.5 2799.2 2524 2342 2062 1602.8 1190 964.2 
Lat. 36° 05 'If •••••••••.. ~ 0.654 0.697 0. 728 0. '119 0.732 0.746 0.685 0.697 0. 716 0.704 0.657. 0. 668 
El. 216:1: ft •••••••••••• 47.5 53.9 60.3 69.5 78.3 88.2 95.0 92.9 35.4 71.7 57.8 50.2 0 

Lemont, llll~ls ••• • ••• • • R (590) 879 1255.'r 1481. 5 1666 2041.., 1990.8 1836.~ 1469.4 1015.S (639) {531) 
Lat. 41•4o•N ••.•••••... ~ (0. 464) o. 496 0.520 0.477 0.525 0.542 0. 542 0.559 0.547 0.508 (0. 433) (0. 467) 
El. ~95 ft ••••...•••••• 

0 
28.9 30.3 39.5 49 _7 59.2 70.8 . 75.6 74.3 67.2 • 57.6 43.0 30.8 

· ~ : J L~~ngU>n, Ky • , •••••••. ii - - - 1834.7 2171.2 - 2246. 5 2064.9 1775.5 1315.8 681. 5 ~~"'. f -
7~· 

Lat. 38°02'ri ••••••••••• ~ - - - 0.575 0.606 - 0. 610 0.619 0.631 0.604 - 0.513 
. '~ El. 979 ft ..•.•.••••.•• 36.5 38.8 47.4 57.8 67. 5 76.2 79.8 78.2 72 . 8 61. 2 47.6 38.5 

\ r: ~ 0 
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I .· f~ Appendix A (Continued) 
I / i Jan Feb Mar Apr May JUJ\ Jul Aug Sep Oct Noy Dec 

Lincoln, Neb . . • . . . . • • • . · Jl '112.5 955.7 1299 .8 1587.8 1856.1 2040.8 2011 . 4 1902.6 1543. 5 1215.8 'M3. 4 843.2 
J,at. 40°51'N ••••••••••• !'t 0.542 o.s:e 0.532 o. 507 0.522 0.542 0.547 0.577 0.588 0.598 0.508 0.545 
El. 1189 ft .. • •. . .•• • .• 27.8 32.1 42.4 55.8 65.8 76.0 82.8 80.2 '11. 5 59.9 43.2 31 . 8 0 

LltUe Rock, -4rk • ••.• • •• H 704.4 974.2 1335. 8 1669.4 1960. 1 2091. 5 2081. z 1933.'1 1640.8 1282.8 913.8 701.1 
Lat. 34°44'N ••••••••••• ~ 0.424 0.458 0.496 0. 513 0 . 545 0.559 0. 566 0.574 0.561 0.552 0.484 0.463 
El. 265 ft .••••.••••••. 44.6 48.5 56.0 65.8 73.1 76.7 85.1 84.6 78.3 87. 9 54.7 46.7 0 

Los Angeles, Calli. (WBAS). D 930.8 1284. 1 1729.5 1948 2196.7 2272.3 2413.8 2155.3 1898.1 1372.'I 1082.3 901.1. 
Lat. 33• 56 'N • . • .••••. . . !'t 0.54'1 0.596 0.635 0.595 0. 610 0.608 0.657 0.63~ 0.841 0.574 0.551 0. 566 : 
El. 99 ft .. • •.•.•••••• • ·56.2 56 . 9 59 . 2 81.4 64.2 66 . 7 69.6 70.-2 69.1 66.1 &2.8 58.7 0 

Los Angeles, Crull. CWOOi • il 911.8 1223.8 1640.9 1866. 8 2061. 2 2259 2428.4 2198.9 1891. 5 1362.3 1053.1 877.8 
Lat . 34°03'N .••.. . ..... ~ 0.538 0.568 0.602 0.571 0.573 0.605 0.66 0.648 0.643 0.578 0.548 0. 586 
El. 99 ft .. . • . •...•..••• 57.9 59.2 61. 8 64.3 67.6 70.7 75.8 76.1 .74.2 69 . 8 85.4 60.2 0 

Mad13on, Wl is • •. •• • •• •• ii 564.8 812.2 1232.l 1455.3 1745.4 2031. 7 2046.5 1740. 2 1443.9 993 . 555 .. , 495.9 
Lat. t3°08'N •••. . ...... ~ 0. 49 0.478 0.522 0.474 0.493 0.540 0.559 0.534 0.549 0.510 0.396 0.467 
El. 866 ft ..••.•...• . .. 21.8 24.6 35. 3 49.0 61.0 70.9 '16.8 74.4 65.6 53 . 7 . 37.8 25.4 0 

Matamiska, Alaska . . • • ... R 119. 2 345 - 1327.6 1628.4 1727.8 1526.9 1169 737 . 3 373.8 142 f. r.11 •• 
> LaL. 61° 30'N .. . • , ••.. . , ~ 0.5l3 0.503 - 0.545 0.494 0.466 0.434 0.419 0.401 0.390 o.3n "· 35-4 I 

,i;:l. 180 ft ....... ' .••.• 13.9 21.0 21.4 38.6 50.3 57.6 60.1 58.1 50. 2 37. 7 22.9 .i;i. ti V> 
0 

Medford, Oregon H . ...••• H 435.4 804.4 12:;9.8 1807.4 2216.2 2440.5 2607.4 2261. 8 1672. 3 1043.5 ::r.F. . . , J4t;.5 
Lat. 42°23'N .•••••••••. ~ 0.353 0.464 0.527 0.584 0.625 0.648 0. 710 0. 689 0.628 0. 526 0.384 0. 313 
El. 1329 ft •••••.••• • •• 39.4 45.4 50.8 56.3 63.1 69.4 76.9 76.4 69.6 58.7 47.1 40.5 0 

·Mlanll, Jiorlda ••.•..••• D 1292.2 1554.8 1828 . @ 2020.6 2068.6 1991. 5 1992.6 1890.8 1646.8 1436.5 1321 1183. 4 
I I Lat. 25° 47'N •• , ••.• • ••• Kt 0.604 0.616 0.612 0.600 0.578 0.545 0.552 0.549 0.525 0.534 0.559 0. 588 
\ El. 9 ft .••....••...... to 71.6 72.0 73 . 8 '1'1. 0 79.9 82.9 84. l 84.5 83 . 3 80 . 2 75 . 6 '12 . 6 

Midland, Tex.as . • • . . • . • . 1l 1066.4 1345.'1 1784.8 2036.l 2301.1 2317.7 2301. 8 2193 1921. 8 1470.8 1244.3 1023.2 
Lat. 31°56'N ..••••• • .• . !<i 0.587 0.596 0.638 0.617 o.639 0.622 0. 628 0.643 0.642 0.600 0.609 0.611 
El. 2854 rt ..•••..•... • t 47.9 52.8 60.0 68.8 77.2 83.9 85.7 85.0 78.9 70 . 3 56.6 49.1 0 

Nashville, Tenn • • •• • ...• ff 589. 7 907 1246.8 1662.3 1997 2149.4 2079.7 1862. 7 1600.7 1223.6 823.2 614.4 
Lat. 36°07'N .• •• •••. •.• !'t 6.373 0.'440 C.472 0. 514 0.556 0.573 0.565 0.554 0.556 0.540 0.454 0. 426 
El. 605 ft ...••.••.•.•• 42.6 45.~ ~/! . 9 63.0 71. 4 80.1 83.2 81. 9 '16 . 6 65.4 52.3 44.3 0 

New Port, R. L ......... ii 565. 7 856.4 1231. '1 1484. 8 1849 2019.2 1942. 8 1687.1 1411. 4 1035.4 658.1 527.'7 
Lat. 41"29'N ••.•••••..• Rt 0.438 0.482 0.507 0.477 0.520 0. 536 0.529 0.513 0.524 0.512 0.44 0.460 
El. 60 ft .•.• , ••.•.•••• t 29.5 32.0 39.6 48.2 58.6 67.0 73.2 72. 3 65.7 56 . 2 46.5 34.4 0 

/ ..... .. , 
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New York, N. Y. . •.••••• 
Lal. 40° 46 'N • • • • • • • • • . • 
El. 52 ft .••••••••••••• 

Oak Ridge, 'I' el\.'\ •••••••• 
Lat. 36°01 'N .•••••••••• 
El. 905 It .•.••••...••• 

Oklahoma City, Oklahoma •• 
Lat. 35°24'N ••••••••••• 
!:l. 1304 fl ..•..•...•••. 

Ottawa, Ontario ..••••••• 
Lat. 45° 20'N •...•.••••• 
El. 339 ft ......•••.•.. 

Phoenix, Ariz . . • . . ••••• 
Lat. 33° 26 'N • • • . •.••••• 
El. 1112 ft .•..•••••.•. 

Portland, Maine .•••• · ...• 
Lat. 43° 39'N .•••••. , .•. 
El. 63 fl .............. 

Rapid City, S. D ••••••••• 
Lat. 44°09'N ..••••...•• 
El. 3218 !t •.••.•.••.•• 

Riverside, Calif ..••.••. 
Lat. 33°57'N ••...•••• , • 
El. 1020 fl • ..•...•.••• 

St. Cloud, Minn ••••••••• 
Lat. 45• 35'N .•••••••••• 
El. 1034 (l •••••••••••• 

Sall Lake City, Utah •••••• 
Lat. 40°46'N ••••••••••• 
El. 4227 ft .••••••••••• 

San Antonio, Tex ...•••.. 
Lat. 29"32'N .••••••... , 
El. 194 ll .....••••...• 

·'' 
' ' 

' 
,_, 
/~\ . . 

Jan 

D 539.5 
Rt 0.406 

to 35.0 

Ii 604 

!'t 0.382 
41. 9 

0 

Jl 938 
Rt 0.580 
t 40.1 
0 

'R 539.l 

~ 0. 499 
14.6 

0 

R 1126.8 
Rt 0.65 
t 54.2 
0 

ll 565.7 
Rt 0.482 
t 23.7 
0 

JI 68'1.8 
xt 0.601 
to 24.'1 

·R 999.6 

~ 0.589 
55.3 

0 

Ji 632.8 

~ 0.595 

0 
13.6 

ff 622.l 
Rt 0.468 
to 29.4 

R 1045 
Rt 0. 541 
t 53 . ., 
0 

\\ 

Appendix A (~ontinued) 

Feb Mar Apr May 

790.8 1180."' 1426.2 1738.4 
0.435 0.48C 0.455 0.488 
34.9 43.l 52.3 63.3 

895.9 1241. '1 1689.6 1942.8 
0.435 0.471 0.524 0.541 
44.2 51.7 61 ... 69.8 

1192.6 1534.3 1849. 4 2005.1 
0. 571 0.576 0.570 0.558 
45.0 53.2 63.6 71. 2 

852.4 1250.5 1~1>6.6 1857.2 
0.540 0. 554 0.502 0.529 
15.6 27.7 43.3 57.5 

1514.'J 1961.1 2388.2 2709.6 
0.69\ 0. 716 0. 728 0.753 
58.8 64 . ., '12. 2 80.8 

874. 5 1329.5 1528.4 1923.2 
0.524 0.569 0.500 0.544 
24.5 34.4 44.8 55.4 

1032.5 1503.'1 180'1 2028 
0.627 0. 649. ~ o. 594 0.574 
27.4 34.7 48.2 58.3 

1335 1750.5 1943. 2 2282.3 
0. 61'7 0.643 0. 594 0.635 
57.0 60.6 65.0 69.4 

1176.'7 1383 1598.l 1859.4 
0.629 0.614 0.534 0 .. 530 
16.9 29.8 46.2 58.8 

986 1301.1 1813.3 -
IJ.909 0.529 0.579 -
36.2 44.4 53.9 63.1 

1299.2 1560.l 1664.6 2024.'l 
0.550 0.542 0.500 0.563 
58.4 65.0 72.2 79.2 

-, ~ \ .J 

Jun 

1994. l 
0.53 
72.2 

2066.4 
0.551 
77.8 

2355 
0.629 
80.6 

2084.5 
0.554 
67. 5 

2781. 5 
0.745 
89.2 

2017.3 
0.536 
65.1 

2193.1 
0.583 
67.3 

2492.8 
0.667 
74.0 

2003.3 
0.533 
68.5 

-
-

'11. ., 

814.1 
0.220 
85.0 

i 
I 
I 

Jul Aug 

19311. 7 1605.9 
0.5:!8 0.486 
76.11 75.3 

19T.!. 3 1795.6 
0. 5:J6 0.534 
80.:2 78.8 

221.J. 8 2211 
0.618 0.565 
85.S 85.4 

2045.4 17~2.4 
O.:i60 0.548 
71.9 69.8 

2450.5 2299.8 
0.1!67 0.677 
94.6 92. 5 . 

2095.8 1799.2 
o. 572 0.554 
71.1 69.7 

2235.8 2019.9 
0. f.12 0.622 
76.3 '15.0 

2~13.5 2263.8 
o.~165 0.668 
81. 0 81.0 

20117.8 1828.4 
O.!i73 0.570 
74.4 '11.11 

,,. -.. -
Bl. 3 '19.0 

22154. 2 2185.2 
0.'547 0.637 
8'1. 4 87.8 

Sep Oct Noy Dec 

1349.4 977.8 598.l 476 
0.500 0.475 0.397 0.403 
19.5 59.3 48 13 37.7 

1559.8 llH.8 '196.3 810 ...... 

0.542 0.521 0.438 0.422 
74.5 62.7 50.4 ~.5 

l819.2 1409.6 1085.6 897.4 
0.628 0.614 o. 588 0.608 
77.4 66.5 52.2 43.1 

1326.6 828.9 458.7 408.5 
0.521 0.450 0.359 0.436 
61. 5 48.9 35 19.6 

2131. 3 1688.9 1290 1040.1 
0.722 0.708 0.657 0.652 
87.4 75.8 83.8 56.7 

1428.8 1035 5111.5 507.'7 
o. 546 0.539 0.431 0.491 

\ 

61.9 51.8 40.3 28.0 

1628 11711.3 '1tl3. 1 590.4 
o.~28 0.6'1 0.566 0.588 
64. '1 52.0 38.7 29.2 

1955.3 1509.6 11611 9711.7 
0.665 0.839 0.606 0.626 
78.5 71.0 63.l 57.2 

1369.4 890.4 545.4 453.1 
0.539 0.490 0.435 0.504 
62.5 50.2 32.1 18.3 

1689.3 1250.l - 552.8 
0.621 0.610 - 0.487 
68.7 57.C . 42.5 34.0 

1844.8 1487.4 1104. 4 1154. 8 
0.603 0. 584 0. 507 0.528 \ • 

\ 
82.6 74.7 63.3 56.5 

' 

' ... - ' - " . 
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Appendix A (Continued) 

Jan Ft:b Mar Apr May Jun Jul ALlg Sep Oct Noy Dec 

Sant.a Marla, Calli .•.•... JI 983.8 1296.3 1805.9 2067.9 2375.6 2599.8 2540.8 2293.3 19e5.7 1566.4 1169 943.9 
Lat. 34°54'N •• • •.••••.. Kt 0.595 0.613 0.671 0.635 0.661 0.695 0.690 0.678 0.874 0.678 C.624 0.627 
El. 238 It •••.••••••.•• to 54.l 55.3 57.8 59.5 61. 2 63.5 65.3 65. 7 65.9 H.1 60.o 58.1 

' 

Sault Ste. Marie, Michigan • Ji 488.6 843.9 1336.5 1559.4 lll62.3 2064.2 2149.4 1767.9 1207 809.2 3P2.2 359.8 
Lat. 46° 28 'N •.••.••...• ~ 0. 490 0.560 0.606 0.526 0.560 0.549 0.590 0.564 0.481 0.457 0.323 0. 408 
El. 724 it .....••••..•. 16.3 16.2 25.6 39.5 52.1 61.6 67.3 66.0 57.9 46.8 33.4 21. 9 0 

Sayvtlle, N. Y .••••••••. Ii 602.9 936.2 1259 ... 1560.5 1857.2 2123.2 204-0.9 1734.7 1446.8 1087.4 897.8 533.9 
Lat. 40° 30'N .••••.•.••• ~ 0.453 0. 511 0.510 0.498 0.522 0.564 0.555 0.525 0.530 0.527 0.450 0.447 

.:"'~ 
El. 20 ft ............... 35 34. 9 43.l 52.3 63.3 72.2 76.9 75.3 69.5 59.3 48.3 37.7 

0 

Schenectady, it. Y ••••.••. R 488.2 ~·53_ 5 1026.6 1272. 3 1553.1 1687.8 1662.3 1.f94.8 1124. 7 820.6 436.2 356.8 
Lat. 42° 50'N ••.••.••••• Kt 0.406 0.441 0.433 0.,413 0.438 0.448 0.454 0.458 0.426 0.420 0.309 O.:J31 
El. 217 ft ••••••••••.•. t 24.7 24.6 34.9 48.3 61. 7 70.8 76.9 73.7 64.6 53.1 4-0.1 28.0 

0 

\ i Sea1Ue, Wash .•••...••• Ii 282.6 520.6 992.2 1507 1881. 5 1909.9 2110. 7 1688.5 1211.8 702.2 388.3 239.5 

\ \ ' 
Lat. 47°2'J'N ..••.••.••• Rt 0. 296 0.355 0.456 0.510 0.538 0.508 0.581 0.533 0.492 0.407 0.336 0.292 
El. 386 ft ...•.•• · .•.••• to 42.1 45.0 48.9 54. l 59.8 64.4 68.4 67.9 63.3 56.3 48.4 44.4 

Seattle, Wash ••••••.••• JI 252 471. 6 917.3 1375.6 1664.9 1724 1805.1 1617 1129.i 638 325.5 218.1 
> Lat. 47° 36'N •..•....••• Kt 0.266 0.324 0.423 0.468 0.477 0.459 0.498 0. 511 0 . 459 0.372 0.284 0.269 
I El. 14 rt .•.•••...••••• to 38.9 42.9 46.9 51. 9 58.1 62.8 67.2 ti6.7 61. 6 54.0 45.7 41. 5 -..J 

Se:i.brook, N. J •.•••••.•. Ji 591.9 854.2 1195. 6 1518.8 1800.7 1964.6 1949.8 1715 1445.7 1071. 9 721. 8 522.5 
Lat. 39° 30'N .••...••••. ~ 0.426 0.453 . 0. 476 0.461 0. 504 0.522 0.530 0. 51'.' 0. 524 0.508 0. 449 0. 418 
El. 100 ft •..••.•..•••• 39.5 37.6 43.9 54.7 64.9 74.l 79.8 '17.7 69.7 61. 2 48. 5 39.3 

0 

Spokane, Wash .••..•.•.• R 446.1 837.6 1200 1864.11 2104.4 2226.5 2479. 7 2076 1511 944. 6 486.3 279 
\ Lat. 47° 40'N ....••.••.• ~ 0.478 0.579 0.556 0.602 0.603 0.593 0.684 0.656 0.616 0.494 0.428 0.345 

El. 1968 ft .•••.•••••.• 26.5 31.7 40. 5 49.2 57.9 64. 6 73.4 71. '1 62.7 51. 5 37.4 30.5 
0 

State College. Pa .••..••• R 501.8 749. l 1106 . 6 1399.2 1'154 . 6 2027.8 1968. 2 1590 1336.l 1017 580. 1 443.9 
Lat. 40°4B'N ........•.. ~ 0.381 0. 413 9.451 0.448 0.493 0.539 0.536 0.512 0.492 0.498 0.379 0.376 
El. 1175 ft ••.••••••••• 

0 
31.3 31. 4 39.8 51.3 63.4 71. 8 75.8 73.4 66.f ·55. 8 43.2 32.6 

SWl water, Okla ....•.•.. Ii 763.8 1081. 5 1463.8 1702 . 6 1879. 3 2235 . 8 ?" .' ·L3 2039.l 1724 . 3 1314 991. 5 783 
Lat. 3G"09'N ..•.••...•. ~ O.i84 0.527 0.555 0.528 0.523 0.596 c J4 0.607 0.599 0.581 0.548 0. 544 
El. 910 ft .••••••••••.. 41. 2 45. 6 53.8 64.2 71. 6 81. 1 8: 9 85.9 77.5 67.6 52.6 43.9 0 

Tampa, Fla .....•...•.• Ji 1223.6 1461. 2 1771.9 2016.2 2228 2146.5 1991.9 1845.4 1687.8 1493.3 1328.4 1119.5 
Lai. 27°5S'N .•••••••••• ~ 0.605 0.600 0.606 0.602 0.620 0.583 0.548 0.537 C.546 0. 572 0.590 0.589 
El. 11 fl .........•.... 64.2 65 . 7 68.8 74.3 79.4 83 . 0 84.0 84.4 5., o 77.2 69 fl 65.c 

0 
... 

·. ., 
\ " ·· ....... , ... ..... 
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Toronto, Ontario .••••••• Ji 
Lat. 43° 41 'N .•.•..•••.. ~ El. 379 ft ..•. · .••..• • ••• 

0 

Tucson, Arizona •.••. . •. ii 
Lat. 32°07'N .•••.••• • •. :'t El. 2556 ft ..•••.••.•. • 

0 

Upton, N. Y ..••••••.••• R 
Lat. 40"52'N •••••.•.••. Kt 
El. 75 ft . .•••.••.•••••• to 

Washington, D. C. (WBCO) .. D 
Lat. 38°51'N .•. . • . .•••• ~ El. 64 ft ...••. . • . ....• 

0 

Winnipeg, Man . • . ....• • . Ji 
Lat. 49° 54 'N ......•.••. Rt 
El. 786 ft .••••.••••.•• t 

0 

\ \ .. \ "" ' \ ·, ~.\ 

Jan Feb 

451 . 3 674.5 
0.388 0.406 
26.5 26.0 

1171. 9 1453.8 
0.648 0.646 
53.7 57. 3 

583 872. 7 
0. 444 0 . 483 
35. 0 34. 9 

632 . 4 901. 5 
0.445 0.470 
38.4 39.6 

488.2 835.4 
0.601 0.636 
3.2 7. l 

\ 
· · ;-·"1· ·r, - ~\-- . . 

. . \~ 

Appendix A (Co!'tiriued_) 
Mar Apr May 

1088 . 9 1388 . 2 1785 . 2 
0.467 0.455 0.506 
34.2 46.3 58 

- 2434.7 -- 0.738 -
62 . 3 69.7 78.0 

1280.4 1609. 9 1891.5 
0. 522 0. 514 0.532 
43. l 52. 3 63.3 

1255 16\J0.4 1846.8 
0.496 0.504 0. 516 
48.1 57.5 67.7 

1354.2 1641. 3 1904.4 
0.661 0.574 0.550 
21. 3 40.9 55.9 

' • ,, \ . .. 
', -~ 

\ 

Jun · Jul Aug Sep Oct Noy Dec 

1941. 7 1968. ·6 1622.5 1284.1 835 458 . 3 352. 8 0.518 0. 539 0.500 0. 493 0.438 0.3~6 0.346 68 . 4 73.8 71. 8 64 . 3 52.6 40.9 30.2 
2601. 4 2292. :! 2179.7 2122.5 1640.9 1322.1 1132.1 0.698 0.625 0.640 0. 710 0. 672 0.650 0.679 87 . 0 90.1 87.4 84 . 0 7.1 . 9 62.5 SP . 1 

2159 2044. 0 1789.8 1472.7 1102.8 686.7 551. 3 0.574 0. 557 0. 542 0. 542 0 . . )38 0. 448 0. 467 72 . 2 76.9 75 . 3 69.5 59.3 48.3 37.7 

2080.8 1929. SI 1712.2 1446.1 108.'3.4 763.5 594.1 0.553 0.52' 0. 516 0.520 0.506 0.464 0.460 76.2 79.9 77.9 72.2 60 . 9 50.2 40.2 

1962 2123 . •. 1761. 2 llSO. 4 767. ~; 444.8 345 0.524 0.587 0.567 0. 504 0. 482' 0.436 0.503 65.3 71. 9 69.4 . 58.6 45 . 6 25.2 10.1 

..... 

-- · · -- -·~ - ... _ , ___ _ 
.· --" .. 
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Appendix B 

. 
AVERAGE EARTH TEMPERATIJRE FOR 

UNDERGROUND HEAT uISTRIP.UTION SYSTEM DESIGN 

The following list presents the average earth temperature from 0 to 10 
feet below the surface fer the four seasons of the year and for the whole 
year for the indicated locals. The temperatures were computed on the 

.basis of the method described in the 1965 ASHRAE technical.paper entitled 
"Earth Temperature and Thermal Olffusivity at Selected Stations in the 
United States" by T. Kusuda and P. R. Achenbach (in ASHRAE Transactions, 
Volwne 71, Part I, p. 61, 1965) using the monthly average air temperatures 
published by the U.S. Wea~her Bureau for the listed localities in 'the 
United States. Earth temp~ratures are expressed in fahrenheit degrees. 

Winter Spring Summer Location 
~~~~~~M_o_n_t_h~~~---12_,~1~·-2~---3~,_4_,_s _____ 6~·?!8 

Alabama 
Anniston AP8 

Birmingham AP 
Mobile ~ 
Mobile cob 
Montgomery AP 
Montgomery CO 

Ariz.ona 
Bisbee COOPC 
Flagstaff AP 
Ft Huachuca (proving 

ground) 
Phoenb. AP 
Phoenix CO 
Prescott AP 
Tucson AP 
Winslow AP 
Yuma AP 

Arkansas 
Fort Smith AP 
Uttle Rock AP · 
Texarkana AP 

CalifoTnia 
SakeTSfield AP 
Beaumont CO 
lishop AP 
llue Canyon AP 
Burbank AP 
EuTeka CO 
Fresno A~ - . - -
Los Angeles AP 
Los Angeles CO 

.. .... .. ..... 
.. ······· .. : .. .... 

SS. 
S4. 
61. 
61. 
SS. 
S9. 

SS. 
35. 

5~. 
60. 
61. 
46. 
S9. 
4S. 
6S. 

52. 
S3. 

- S6 . 

-· 

56. 
53. 
47. 
43. 
SS. 
so. 
54. 
SS. 
60. 

B-1 

SS. 
S8. 
63. 
64. 
61. 
62. 

SS. 
39. 

58. 
64. 
65. 
49. 
62. 
49. 
69. 

56. 
S7. 
60. 

60. 
56. 
Sl. 
~.6. 

60. 
SI. 
SS. 
S9. 
61. 

70. 
71. 
74. 

· 7S. 
73 . 
74. 

70. 
S4. 

71. 
79. 
80. 
65. 
76. 
65. 
84. 

72. 
72. 
74. 

74. 
67. 
6S. 
58 . . 
68. 
S4. 
72. 
64. 
68. 

Autumn Annual 
9, 10,11 

67. 
:SS. 
',-1. 
72. 
10. 
71. 

67. 
so. 

68. 
75. 
76. 
61. 
73. 
61. 
80. 

68. 
68. 
11. 

70. 
64. 
61. 
SS. 
66. 
54. 
6S. 
63. 
66. 

63. 
63. 
67. 
68. 
65. 
66 . 

62. 
45. 

63. 
69. 
70. 
SS. 
68. 
SS. 
7S. 

62. 
62. 
65. 

6S. 
60. 
S6. 
so. 
63. 
S2. 
63. 
61. 
64. 

______ .... 
. ;: 

'· 

/ 

/ / 
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Loca~icn Winter Sprine Suauner Autumn Annual 

California 
Mount Shasta CO 41. 44. 57. 54. 49. 
Oakland AP S3. 54. 60. 59. 56. -I 

Red Bluff AP 54. 58. 72. 69. 63. 
Sacramento AP Sl. 56. 67. 64. 60. 
Sacramento CO S4. 57. 6S. 6S. 6L 
Sandberg CO 47. so. 63. 60. SS. 
San Diego AP 59. 60. 66. 65. 62. i I 
San Francisco AP 53. 54. 59. 57. S6·. I 
San francisco CO SS. SS. S9. SS. 57. 
San Jose COOP SS. S7. 64. 62. S9. \ 

Santa Catalina AP S7. 58. 64. 62. 60. ~ 

S1onta Maria AP S4. SS. 60. 59. S7. ....:. 
,,.-

•' . 
Colorado 1-~ ...... 

Alamosa AP 30. 3S. 52. 48. 41. 
Colorado Springs AP 39. 43. 59. SS. 49. 
Denver AP 39. 43. 60. 56. so. 
Denver CO . 41. 45. 61. SS. SI. / Grand Junction AP 39. 44. 65 . 60. 52. 

. Pueblo AP 41. 4~. 62. 58. 51. , ,,. 

Connecticut 
Bridgeport AP 40. 44. 61. 57. so. 
Hartford AP 39. 43. 61. S7. so. 
Hartford AP (Br:i.iner) 39. 43. 60. S6. so. 
New Kaven AP 40. 44. 60. S6. so. 

Delaware 
Wilmington AP 44. 4S. 64. 60. 54. 

\ 

Washington, D.C. 
Washington AP 47. Sl. 66. 63. 56. 

, 
·' 

Washington CO d 47. 51. 66. 63. S7. -·; 
Silver Hill OBS 46. so. 6S. 61. SS. 

Florida 
Apalachicola CO 63. 65. 75. 73. 69. 
Daytona Bea.;h AP 6S. 67. 7S. 74. 70. 
Fort J.lyers At' 70. 71. 78. 76. 74. 
Jacksonville AP 63. 66. 75. 73. 69. 
Jacksonville CO 64. 66. 76. 73. 70. 
Key West AP 74. 75. 80. 79. 77. I , 

ley West CO 7S. 76. 81. 79. 78. 
Lakeland CO 68. 69. 77. 75. n. 
Melbourne AP 68. 70. 77. 75. 72. 
Miami AP 72. 74. 79. 78. 76. 
Miami CO 72. 73. 78. 77. 75. 
Miami Beach COOP 74. 7S. 80. 78. 17. 
Orlando AP 68. 70. 77. 75. 72. 

B-2 
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Location 

Florida 
Pensacola CO 
Tallahassee AP 
Tampa AP 
West Palm Beach 

Georgia · 
Albany AP 
Athens AP 
Atlanta AP 
Atlanta CO 
Augusta AP 
Columbus AP 
Macon AP 
Rome AP 
Savannah AP 
Thomasville CO 
Valdosta AP 

Idaho 
Boise AP 
Idaho Falls 46 w 
Idaho Falls 42 N W 
Le.,iston AP 
Pocatello AP 
Salmon CO 

Illinois 
Cairo CO 
Chicago AP 
Joliet AP 
Moline AP 
Peoria AP 
Sprin2field AP 
Springfield CO 

Indiana 
Evansville AP 
Fort Wayne AP 
Indianapolis AP 
lndiana:;>olis CO 
South Bend AP 
Terre Haute AP 

Iowa 
Burlington AP 
Charles City CO 
Davenport CO 
Des Moines AP 
Des Moines C.O 

. - . ., . 
,' . 

_,/ / 
_/ / 

. ·- · A . 

Winter 

62. 
61. 
68. 
71. 

60. 
54. 
54. 
54. 
56. 
56. 
SS. 
53. 
60. 
62. 
61. 

40. 
30. 
28. 
42. 
35. 
32. 

49. 
38. 
37. 
38. 
39. 
41. 
43. 

47. 
39. 
41. 
43. 
38. 
42. 

39 ,. 
33. 
39, 
37. 
38. 

/ 
/ 

,Spring Sununer 

64. 74. 
6(. 74. 
69. 77. 
73. 79. 

63. 75. 
58. 71. 
57. 70. 
57. 70. 
59. 72. 
59. 72. 
61. 74. 
56. 70. 
63. 74. 
64. 74. 
64. 74. 

44. 62. 
35. SS. 
33. 54. 
46. 63. 
40. 59. 
37. 56. 

53_ 70. 
4.i. 62. 
42 . 61. 
43. 62. 
44. 63. 
45. 64. 
47. 66. 

Sl. 67. 
43. 61. 
46. 64. 
48. 65. 
42. 61. 
47. 65. 

44. 64. 
38. 60. 

,44, 64 . 
42. 63 . 
43. 64. 

B-3 
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Autumn Annual 

72. 68. 
72. 68. 
75. 72. 
71. 75. 

72. 67. 
68. 63. 
67. 62. 
67. 62. 
69. 64. 
69. 64. 
71. 66. 
67. 61. 
71. 67. 
72. 68. 
72. 68. 

SS. Sl. 
so : 42. 
49. 41. 
59. 52. 
SS. 47. 
52. 44. 

,,. 
OJ, 60. 
S7. so. 
56. 49. 
58. so. 
SS. Sl. 
60. S2. 
62. S4. 

~ 

63. 57. 
57. so. 
59. S2. 
61. 54. 
56. 49. 
60. 53. 

59. 51. 
ss. 46. 
59. SL 
58. so. 
59. 51. 

I 
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Location Winter Sprina Summer AutUJllJl Annual 
~ 

Iowa 
Dubuque AP 34. 39. 60. SS. 47. 
Sioux City AP 3S. 40. 62. S7. 49. 
Waterloo AP 35. 40. 61. S6. 48. 

~nsas 

Concordia CO 42. 47. 67. 62. S4. 
Dodge City AP 43. 48. 67. 62. SS. 
Goodland AP 38. 43. 62. S7. so. r 

Topeka AP 43. 47. 66. 62. SS. ·1 
Topeka CO 44. 49. 68. 63. 56. .. 
Wichita AP 45. so. 68. 64. 57. 

Kentucky 
Bowiing Green AP 47. 51. 67. 63. 57. 
Lexinaton AP 44. 48. 6S. 61. S4. 
Louisville AP 46. so. 67. 63. S6. 
Louisville CO 47. 51. 67. 64. 57. 

Louisiana 
Baton Rouge AP 61. 63. 74. 72. 67. 
Burrwood CO 6S. 67 . 77. 74. 71. 
Lake Charles AP 61. 64. 75. 73. 68. 
New Orleans AP 63. 65. 75. 73. 69. 
New Orleans CO 64. 66. 77. 74. 70. 
Shreveport AP . 58. 61. 75. 72. 66. 

Maine 
Caribou AP 24. 29. so. 4S. 37. 
Eastport CO 33. 37. Sl. 48. 42. 
Portland AP 33. 38. S6. SL 44. 

Maryland 
Baltimore AP 45. 49. 65. 61. SS. 
Baltimore CO 47. Sl. 67. 63. S7. 
F;;:~erick AP 44. 48. 65. 61. SS. 

Massachus'!!':: 
8os1·on AP 41. 44. 61. S7. 51. 
Na - •' · et AP 41. 44. S7. 54. 49. 
p: ~ "' leld AP 34. 38. SS. Sl. 44. 
Wo.-:.:.:ter AP 36. ~o. S8. 54. 47. 

Michigan / 
, 

Alpena CO 33. l7. S4. so. 43. / "' 
Detroit Willow Run AP 3S. 4:?. 60. S6. 49. 
Detroit City AP 38. 43. 60. S6. 49. 
Escanaba CO 30. 3S. SJ. 49. 42. 
Flint AP 36. 40. SS. 54. 47. ---Grand Rapids AP 36. 40. SS. S4. 47. 
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Location tiinter Spring SW11111er Autumn Annual 

Michigan 
Grand Rapids CO 38. 42. 60. S6. 49. 
East Lansing CO 36. 40. 58. 54. 47. -. Marquette CO 31. 35. 53. 49. 42. 
M.lskecon AP 36. 40. 57. 53. 47. 
Sault Ste Marie AP 28. 32. 51. 47. H. 

Minnesota 
Crookston COOP 25. 31. 55. 49. 40. 
Duluth AP 25. 30. 52. 47. 38. 
Duluth CO 26. 31. 52. 47. 39. 
International Falls 22. 27. 51. 45. 36. 
Minneapolis AP 32. 37. 60. 54. 46. 
Rochester AP 31. 36. 58. 53. 44. 
Saint Cloud AP 28. 33 .. 56. SL 42. 
Saint Paul AP 32. 37. 60. 54. 46. 

Mississippi 
! . Jackson AP 57. 61. 73. 70. 65 . 

Meridian AP S7. 60. 72. 69. 64. 
Vicksburg CO 58. 61. 74. 71. 66. 

Missouri 
Columbia AP 43. 48: 66. 62. SS. / 

Kansas City AP 44. 49. . 68. 64 . 56. 
Saint Joseph AP 42. 47. 67. 62. 54. 
Saint Louis AP 45. 49. 67. 63. 56. 
Saint Louis CO 46. so. 68. 64. 57. 
Springfield AP 45. 49. 66. 62. 56. 

Montana \ 
I 

Billings AP 35. 40. 59. SS. 47. l 

Butte AP 27. 31. so. 45. 38. 
Glasgow AP 27. 33. S6. Sl. 42. 
Glasgow CO 28. 34. S7. 52. 43. 
Great Falls AP 34. 38. 56. 52. 45. 
Harve CO 31. 36. 57. 52. 44. 
Helena AP 31. 36. SS. so. 43. 

f 
Helena CO 32. 36. SS. so. 43. 

l 
lalispell AP 32. 37. 54. so. 43. 
Miles City AP 32. 37. 59. 54. 45. 
Missoula AP 33. 37. 56. Sl. 44. 

Nebraska 
~ Grand Island AP 38. 43. 64. S9. Sl. 

! Lincoln AP 39. 44. 64. 60, 52. 
Lincoln CO University 40. 45. 65. 61. 53. 

t 
Norfolk AP 35. 40. 62. 57. 48. 
North Platte AP 37. 42. 62. 57. 49. 

f Omaha AP 39. 44. 65. 60. 52. 
\ 
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Locat~on t:finter Sprina Swmer Autumn Annual 

Nebraska 
Scottbluff AP 36. •l. 60. 56. 48. 
Valentine CO 35. 40. 61. 56. 48. 

~evada 

Elko AP ~- 39. 57. 53. 46. 
Ely AP 35. .S9. 56 . 52. 45. 
Las Vegas AP 56. 60. 78. 74. 67. 
Reno AP 40. 44. 58. SS. 49. 
Tonopah 41. . 45. 61 . 57. Sl. 
Winnemucca AP 38. 42 • 60. 56. 49. 

..,_ •. u .. -- .... .: --...... ·---!"··· .. ·-
Concord AP 33. 38. S6. S2. 45. 
Mt Washington COOP 17. 21. 37. 33. 2i. ~ · 

New Jersey 
Atlantic City CO 4S. 49. 63. 60. 54. 

~ .. 
Newark AP 43. 47. 63. 59. 53. 
Trenton CO 43. 47. 64. 60. 53. 

New Mexico 
AlbuQuerque AP 46. so. 67. 63. S7. 
Clayton AP 43. 47. 63. S9. 53. 
Raton AP 38. 42. 58: 54. 48. 
Roswell AP 51. 54. 6S. 66. 60. 

New York 
Albany AP 36. 40. S9. 54. 47. 
Albany CO 38. 43. 61. 56. 49. 
Bear Mountain CO 38. 42. 59. SS. 48. 
Binghampton AP 34. 38. S6. 52. 45. 
Binghampton CO 38. 42. S9. SS. 48. , I 

Buffalo AP 37. 41. SS. 54. 47. l 

New York AP (La Guardia) 44. 48. 64. 60. S4. 
New York CO 44. 47. 63. S9. 53. 
New York Central Park 44. 48. 64. 60. 54. -.. 
Oswego CO 36. 40. 58. 54. 47. 
Rochester AP 37. 41. S8. 54. 47. 
Schenectady COOP 35. 40. 59. SS. 47. 
Syracuse AP 38. 42. ()0. 56. 49. 

North Carolina 
Asheville CO 48. 51. 64. 61. 56. 
Charlotte AP S2. SS. 6~. 66. 60. 
Greensboro AP 49. 53. 67. 64. 58. 
Hatteras CO 56. 59. 70. 68. 63. 
Raleigh AP SI. SS. 69. 65. 60. 
Raleigh CO 52. S6. 70. 66. 61. 
Wilmington AP 56. 59. 71. 69. 64. 
Winston Salem AP so. 53. 67. 64. 58. 
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Location Winter Spring Swum er Autumn Annual 

North Dakota 
Bismarck AP 27. 33; S6. 51. 42. 
Devils Lake CO 24. 29. 54. 48. 39. 
Fargo AP 26. 32. 56. so. 41. 
Minot AP 25. 31. 54. 49. 39. 
Williston CO 27. 33. S6. so. 41. 

Ohio 
Akron-Canton AP 39. 43. 60. 56. so. 
Cincinnati AP 43. 47. 64. 60. S4. 
Cincinnati CO 46. so. 66. 63. S6. 
Cincinna.ti ABBE OBS 4S. 49. 65. 61. SS. 
Cleveland AP 40. 44. 61. S7. Sl. 
Cleveland CO 41. 45. 62. 58. 51. 
Columbus AP 41. 46. 62. S9. 32. 
Columbus CO 43. 47. 64. 60. 53. 
Dayton A.D 42. 46. 63. S9. 52. 
Sandusky CO 41. 45. 62. 58. 51. 
Toledo A...0 38. 43. 60. 56. 49. 
You.nastown AP 39. 43. 60. S6. so. 

.. Oklahm.a. 
Oklahoma City AP so . 54. '71. 67. 60. 
Oklahoma City CO so. SS. 71. 68. 61. 
Tulsa AP so. 54. 71. 67. 61. 

Oregon 
Astoria AP 47. 48. S6 : 54. 51. 
Baker CO 36. 40. 56. S2. 45. 
Bums CO 36. 40. 58. S4. 47. 
Eugene AP 46. 48. 59. S7. 52. 
Meacham AP 34. . 38. 52. 49. 4.3. 
Medford AP 46. 49. 62. 59. 54. 
Pendelton AP 42. 46. 63. S9. 5.3. 
Portland AP 46. 49. 60. 57. 53. 
Portland CO 48. so. 61. 59. SS. 
Roseburg AP '7. 49. 60. 57. 53. 
Roseburg CO 48. Sl. 61. 59. SS. 
Salem AP 46. 49 • 60. 57. 53. . . 
Sexton Sununit 42. 44 SS. 52. 48. 
Troutdale AP 45. 48. 59. 57. 52. 

Pennsylvania 
Allentown AP 40. 44. 62. SS. 51. 
Erie AP 38. 42. 58. SS. 48. 
Erie CO 40. 44. 60. 56. so. 
Harrisburg AP 43. 47. 63. 59. 53. 
Park Place CO 36. 40. 57. 53. 46. 
Philadelphia AP ~4 • . 48. 64. 61. 54. 
Philadelphia CO 46. so. 66. 62 : 56. 
Pittsburgh Alle&heny 42. 46. 62. SS. 52. 
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Location 

Texas 
Galveston CO 
H?uston AP 
t\1)uston CO 
Laredo AP 
wbbock AP 
MidlanC: AP 
i'alestine CO 
Port Arthur AP 
Port Arthur CO 
San Angelo AP 
San Antonio AP 
V.ictoria AP 
Waco AP 
Wichita Falls AP 

Utah 
Blanding CO 
Milford AP 
Salt Lake City AP 
Salt Lake City CO 

Vemont 
Burlin&tc-n AP 

Vir&inia 
Capt: Henry CO 
Lynchburg AP 
No:rfolk AP 
Norfolk CO 
Richmond AP 
Richmond CO 
Roanoke AP 

Washington 
Ellensburq AP 
Kelso ·p 
North Head L H RESVN 
Olympia AP 
Omak 2 111i N W 
Port An&ele3 AP 
Seattle A~ (Boeina 

Field) 
Seattle CO 
Seattle-Tacoma AP 
Spokane AP 
Stampede Pass 
Tacoma CO 
Tattosh Island CO 
Walla Walla CO 
Yakima AP 

Wi~ter 

63. 
62. 
63. 
67. 
so. 
SS. 
58. 
61. 
63. 
58. 
61. 
64. 
SS. 
S3 • . 

39. 
37. 
40. 
4L 

32. 

51. 
48. 
Sl. 
52. 
48. 
so. 
48. 

37. 
45. 
47. 
44. 
36. 
45. 

46. 
47. 
44. 
37. 
32. 
46. 
46. 
44. 
40. 
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Spring 

66. 
6S. 
66. 
70. 
S4. 
59. 
62. 
64. 
6S. 
61. 
64. 
67. 
62. 
S7. 

43. 
42. 
44. 
46. 

37. 

SS. 
51. 
54. 
S6. 
52. 
SJ. 
Sl. 

41. 
47. 
49. 
46. 
40. 
46. 

48. 
so. 
47. 
41. 
35. 
48. 
47. 
48. 
44. 

Summer Autumn 

77. 74. 
76. 73. 
77. 74. 
81. 79. 
69. 65. 
73; 70. 
74. 

0

71. 
75. 72. 
76. 74. 
74. 71. 
77. 74. 
78. 76. 
76. 73. 
73. 69. 

60. 
61. 
63. 
65. 

5 :'. 

68. 
66. 
68. 
69. 
67. 
68. 
66. 

S9. 
57. 
54. 
56. 
59. 
53. 

58. 
S9. 
57. 
58. 
48. 
!i8. 
S2. 
65. 
61. 

S6. 
56. 
S9. 
60. 

S2. 

65. 
62. 
64. 
66. 
63. 
64. 
62. 

SS. 
S4. 
SJ. 
54. 
SS. 
52. 

56. 
57. 
SS. 
S4. 
45. 
SS. 
SI. 
61. 
57. 

Annual 

70. 
69. 
70. 
74. 
59. 
64. 
66. 
68. 
69. 
66. 
69. 
71. 
67. 
63. 

so .. 
49. 
Sl. 
53. 

44. 

60. 
57. 
S9. 
61. 
58. 
59. 
57. 

48 . 
SI. 
Sl. 
so. 
47. 
"19. 

52 
SS. 
Sl. 
47. 
40. 
52. 
49. 
54. 
so . 



Location Winter Sprine Summer Autumn Annual 

West Virginia 
Charleston AP 47. so. 6S. 61. S6. , 
Elkins AP 41. 4S. S9. 

, 
56. so. 

Huntington CO 48. 52. 67. 63. 57. // 
Parkersburg CO 45. 49. 6S. 61. SS. , I 

Petersburg CO 44. 48. 63. 60. 54. I , 

Wisconsin --
Green Bay AP 31. 36. .i6. SL 44. I 

La Crosse AP 32. 38. 60. SS. 46. 
Madison A? 34. 39. 59 . 54. 47. 
Madison CO 34. 39. 60. SS. 47. ,I 

Milwaukee AP 35. 40. 58. S4. 47. 
Milwaukee CO 36. 41. . 59. SS • 48. ---Wyoming -./ Casper AP 34. 38. 57. 52. 4S. / .,. - .-- ' Cheyenne AP 35. ~9. SS. SI. 45. / ' 

Lander AP 31. 3S . 56. 51. 43. 
Rock Springs AP 31. 35. 54. so. 42. 
Sheridan AP 33. 37. 56. 52. 44. 

Hawaii - 1 
Hilo AP 72. 72. 74. 74. 73. 

. 
Honolulu AP 74. 75. 77. 7j •. 76. 
Honolulu CO 74. 74. 77. 76. 75. 
Lihue AF 72. 73. 76. 75. 74. 

Alaska 
Anchorage AP 25 . 29. 46. 42. 35. ' L 

Annette AP 40. 42. Sl. 49. 46. 
Barrow AP 4. 7. 16. 14. 10. 
Bethel AP 18. 23. 41. 37. 30. 
Cold i!ay AP 33. 35. 43. 41. ·38. 1\: 
Cordova AP 32. 35. 4S. 43. 39. ' 

Fairbanks AP 14. 19. 38. 34. 26. 
Galena AP 13 . 18. 37. 33. 2S. •/ 

I / 

Gambell AP 15. 19. 34. 30. 24. /!._ 
Juneau AP 34. 36. 47. 45. 41. V · Juneau CO 36. 39. 49. 46. 42. • \ I 

King Salmon AP 25. 28. 44. 40. .! 4. ~ 

Kotzebue AP 10: 14. 31. 27. 21. 
McGrath AP 14. 18. 37. - 33. 2S. 

-~ Noma AP 16. 20. 37. 33. 26. 
Northway AP 12. 16. 32. 29. 22. 

/. Saint Paul bland AP 31. 32. 40. 38. 3S. 
Yakutat AP 33. 36. 45. 43. 39. 

West Indies / 
Pgnce Santa Isabel AP 7S. 76. 78. 78. 77. 
San Juan Al' 77. 77. 79. 79. 78. 

j 
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Location ;:inter Sprin& 

West Indies 
San Juan CO 77. 77. 
Swan Island 80. 10. 

Virain Islands 
St Croix, V. I. AP 78. 78. 

Pacific Islands 
canton Island AP 83. ''' · Koror 81. '1. 
Ponape Island AP . 11. 11 • 
Truk Moen Island 11. 81. 
Wake Island AP 79. 79. 
Yap 11. 11 • 

• AP • Airport data. 

bco • City office data. 

c COOP • Cooperative weather station. 
d . 

OBS • Observation station. 

B-11 

Sunmel' Autumn 

79. 79. 
82. 11. 

81. ao. 

84. 84. 
81. SJ. 
81. 81. 
81. 11. 
r.1. 81. 
"'Z. 82. 

Annual 

78. 
81. 

79. 

84. 
81. 
81. 
81. 
80. 
82. 
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Appendix C 

Fortran Liating of the Computer Program 
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Subroutine 
Name 

MAIN 

HCLD 

SOLDAT 

ZD 

F 

SAT 

ATTIC 

CRAWL 

GF 

SLABR 

GAMMAR 

BSMT 

QECHG 

QG 

INF IL 

QI 

OBRH 

PVSF 

QR 

HLHG 

THTCX 

HCRT 

SEU 

!REQ 

HW'HREQ 

Main program 

Subroutine 
Description 

I 

Heating and cooling load determination 

Solar radiation data (Liu-Jordan) 

A suhroutine of SOLDAT 

Slab-on-grade perimeter heat loss (unused) 

So~-air temperature 

Attic air temperature 

Crawl space air temperature 

Ground floor heat loss 

Slab-on-grade thermal resistance 

A subroutine of SLABR 

Basement temperature 

Opaque envelope (wall, roof) heat tr~nsfer 

Window heat gain 

Infiltration rate 

Infiltration hea~ gain 

A psychrometric routine 

A psychrometric routine 

Internal heae gain 

Building heat loss and heat gain 

Thermal time constant 

Heating and ~ooling requiremettt 

Solar energy utilization 

Hot water h~ating requirement 

C-ii 

! .'·'·· .. , 
. ' 

.i ' / .. -

C-1 

C-3 

C-15 

C-18 

C-19 

C-20 

C-21 

C-22 

C-23 

C-24 

C-26 

C-27 

c .. zs 

C-30 

C-31 

C-32 

c .. 33 

C-34 

C-35 

C-38 

C-39 

C-41 

r 
I 
J 
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/ 
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(continued) 

Subroutine 
Name 

CSDUPI 

ASDUPI 

BMDUPI 

OSDUPI 

ZKDN 

PSY2 

WBF 

DEGDAY 

LINT 

MAX 

MIN 

Subroutine 
Description 

Duct and pipe heat loss in a crawl space 

Duct and pipe heat loss in an attic 

Duct and pipe heat loss in a basement 

Heat loss from outside duct and pipe 

Building heat transfer f~ctor 

A psychrometric routine 

A psychrometric routine 

Energy analysis by the degree day method 

Linear interpolation subroutine 

Maximum value 

Minimum value 

Sample run 

C-iii 

.. 
'/ 1- . 

2 

C-44 

C-45 

C-46 

C-47 

C-48 

C-49 

C-40 

c-51 

C-52 

C-53 

c-54 

c-ss 

.-

I 

,,. 
/. 
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QSQ8Q.e*COl'ISP6(l).PIAJl'l(23) 

I c THIS rs TliY- HOME EJ'fERCY AUDIT PROCRAJ1 OF M&' 
2 C CALCULATIOK PROCE:DURES ARE BASBD 01'1 THE MOl'f'P.ILY KORMAL WEATH£R DATA AND 01' THE 
3 C VARIABLE DECREE DAY KETIIODS. DETAILS OF THE ALCORITHPf ARE CIVE!'I 11'1 
4 C lfBSIR 88-1961 EIITITLED •SJHPLIFIE:D BEATING Al'ID COOLll'fG ENERGY CALCULATIOKS 
5 C FOR RESIDENTIAL APPLICATIONS" BY T. KUSUDA UT) TOl'fONORI S,\:TOll. 
6 c 
7 
8 
9 

18 
11 
12 
13 
14 
us 
16 
17 
18 
19 
28 
21 
22 
23 
24 

I 25 
n ' 26 

I 27 
~ · 28 

29 
38 
31 
32 
33 
34 
35 
36 
37 
38 
39 
49 
41 
42 
43 
44 
45 
46 
47 
48 
49 
59 
51 
52 
53 
54 
55 
56 
57 

c 
c 
c 
c 

c 
c 
c 

DIKENSIOK B<359>,R<30).HLHWll1C l2>,.Rllllffl2< 12>,SAVE<l2> 
I, QQC( 12) ,QQB< 12>, WHREQ( 12>, CDEC< 16>. HDEC< 16). TODC 12>, TOK< 12> 
DIMEl'ISJOK TO'lffl<4>/" liASBl','NCTON ','DC ',' '/ 
D 11'1El'fS 101' ' BOUSE< 4> /' BASTI' , '1'CS BO' , 'USE '• ' '/ 
HRDAY DAYTIPfE HOURS 
BRlfIT ftlCBTTll'IE SOURS 
CDEC COOLIKC DEGREE DAYS FOR BASE 45 THROUGH 69 DEG F 
BDEG ITEATIKC DECREE DAYS FOR BASE 43 THROUGH 68 DEC F 
COMMO!f/HR/BRDAYC 12> , BRJUTC 12·> 
DATA DEYIKITIONS ARE ll'I THE SUBROUTIRE HCLD 

BC I>, I= l, 337 : J!fPtrr 
~Cl>,l=J,50 : OUTPUT 

DATA CBC l>,I ~ !. 153)/ * 9698.6,8.5,38.4,39.6,48.1,57.5,67.7,76.2,79.9, 1-9 
*77.9,72.2,69.9,59.2,48.2,35.6,37.3,45.1,56.4, 18-18 
•66.2,74.6,78.7,77.1,78.6,59.8,48.,37.4,79 .• 78.,78.,78.,78.,78.,78. 19-33 *· 78. '78 .• 78. '78 .• 79. ,65. ,65. ,63. ,63 •• 78 .• 78. '78. '78 .• 78. ,65. ,65.. 34-49 
*61L , 1. , -9999. , -9999. , 9. 9, 59-34 
•19.4,t8.9,18.5, 9.2, e.7, e.1. 6.9, 8.2, e.s. 55-63 
* 9.2, 9.4,-9999. ,-9999., 188.8,38.5,8.2,29234. ,35. 18, 64-72 
•0.ae.1.13,9.9,270.e,8.e,8.8, 8.1e,8.e, 0.e, 73-01 
* 12.08,0.se,1.1a,0.0, 90.0,0.e,e.e,o. 1,e.•. 82-90 
*90.8, .73,l.8,79.9,78.9,79.e,7e.8,7e.8,78.8, 91-99 
*78.e,1e.e,70.0,70.8,79.e,78.8,0.0, e.0,1.~. 100-1e8 
*18.e,8.8,8.9,-9999.,-9999.,-9999.,-9999., - 9999.,-9999., 199-117 
*-9999. , -l}949 .• -9999. ,-999C) •• -9999 .• -C)99C) .• e. 1e0,244. 9. 1 . 8, 1 1a-126 
*18.,8 .•. 9,.1,248.,1.,18.,8.,.9,.1,248.,1.,19.,9.,.9,.1,248.,1.. 127-144 
*8.8,9.8,ee.,69 .• e.8,8.0,e.9.0.2 , 8.625/ 145-153 

DATA (8( I>, 1=134,314)/ 
•1.8, 1.8,-9999.,37.5, 3.8, 0.es. 8.4,-9999., 8.1. 
*75.0,6.8,9.8,1.8,1.8.149.8,68.8,62.8,64.9, 
*66.8,67.9.68.8,67.8,66.9,65.8,64.0.62.0,61.0, 
*0.0.0.8,e.8,e.0,8.0, 1.79,3.e,116.4,269.4, 
* 846.9,588.a,1200.0.1200.0,1.e,a.0,0.164,o.0. 1.0. 
*0· 1.0.e,28.8,1.e.s00 .• so0.,1.0,o.516,e.ss3, 
*0.524,e.s16,e.520,e.s06,8.464,8.469,632.4 , 901.5,125s.8, 
*1600.4, 1846.8,2088.8,1929.9,1712.2,1446.1, 1983.4,763.5,594.l, 
*0.67.-9999 . ,-9999.,-9999.,-999<} . ,-9999.,2. 1,-9999. ,-9999 .• 
*-9999.,-9999.,-9999.,-9999. ,-9999.. 2.0.20.8.20 . 0.~9 . e, 
*20.0.2e.0,60.e,60.o,60.e,6e.0,20.0.20.0.20.0, 
~20.0,20.o,20.e.20.o,2~.e.60.0,60.0,60.0,60.0. 
*20.0,20.0.20 . 0.69 . e.61.0.68.0.68.e,72.0,1~.0. 
*75.0,79 . 0,80.0,79.0,73.8,71.0,54.9,52.0,49.0, 
*47.0,51.0,52.0,52.0,54.0,55.8,51.0.52.0,57.0, 
•-9999 . ,0.9,9.9,0.49.20.8,-9999 .• 9.0.0.0,0.0, 
*0.0.-9999.,0.0.0.0.0.0. e.8,-9999 .• 0.e.0.0. 
Z0.46,0.0, 1.0,40 . 0,0.08,0.025,0.0.0.0/ 

DATA CBC I), 1~315,337) / 

162.0,41.0, 140.0, 176.0 , 
2100.0.0 . 57,0.0.1.46. 
30.0.0.57,0.0.1.46, 

.. t I .... . I ·- L . ~ '-....._ 

134-162 
163-171 
172-188 
181-189 
190-198 
199-297 
206-216 
217-225 
226-234 
235- 243 
244- 252 
253-261 
262-270 
271 - 279 
280- ~CB 
289-297 
298-:J06 
307··314 

315-310 
319-~22 
~23-!l:.!(\ 

I 

\ 

·. 



58 
5~ 
60 
61 
62 
63 
64 
65 

\ 
\. 

66 
67 
6a 
69 
70 
71 c 
72 c 
73 
74 
75 
76 
77 
78 
79 
80 
Bl 

I 82 
83 
84 

n 85 

~ 
86 
87 
88 
89 
90 
91 
92 

•, 

'" 
93 
94 
95 
96 
97 
93 
99 

100 
101 

---- 102 
103 
104 
105 
106 
107 
108 
10'> 
110 
1 11 

~ 
J 12 
113 
114 

... , 
................ ~ 

. . "' '·~ 
11\ 

4109.0,0.57.8.8,1.46, 327-330 
50.0,1.46,9.0,4.10,19.0,0.0,64~00 . 0/ :)31-337 
D~TA CDEG/2251.,2084., 1927., 1773 . ,1626., 1483.,1346.,1210.,1078., 

*953 . ,830., 718. ,615. ,520. ,427. ,344./, HDEG/827. ,936 . , 1052 .• l 174 . • 
* 1298 . • 1430 .• 1568 .• 1714 . • 1861 .• 2018 .• 2185 .• 2359 . • 2537 .• 2722 .• 2911 .• 
"'3!07 ./ 

DO 100 I= I , 4 
B< 1+337> =TO\ffl( It 

180R(1+34tl=HOUSE(l) 
CALL IlCLD<B, R, 111.HWIII, llLITh112,SAVE , QQC,QQH, WREQ, TIIT, TCT> 
TDTU= R< 2>-RC I> 
WITE H>,1000) «R< B,J=l,2> 
WRITE (6,1010) TB11J 

VARIABLE DEGREE DAY H£THOD CALCULATION 
CALL DEGDAYtR,CDEC,HDEC,THT,TCT> 
SUM1=0. 8 
SUl'l2=0.0 
SUM3=0.0 
SUM4=0.0 
SUM5=0.0 
SUM6=0.0 
SUM7=0.0 
DO 200 I= 1, 12 
SUMI~SU1'1l+HLHWHl<I> 
SUM2=SUM2+HLHWll2(1) 
SUM3=SUM3+SAVECI) 
SUM4=SUI14+WHR.EQ(J) 
SUl'15=SUl'15+QQCi I) 
SUH6=SUM6+QQ1J( I) 
SUH7=SUH4-SUJ12 

290 CONTINUE 
WRITEC6, 1001) SUMI 

1091 FORMAT(/IH ,'ANNUAL BEAT LOSS THROUGH ftON- :\DDITIOftAL JACKET l~SULA 
ITION OF HOT WATER TANK: ',Gl0.4> 
WRITE<6,1002) SUM2 

1082 FORMAT< ID , 'ANlWAL HEAT LOSS THROUGH ADDITIONAL .JACKET INSULATION 
lUF HOT WATER TANK: ' ,Cl9.4) 
WRITE( 6, t003) SUH3 

1003 FORMAT< JD , 'ANNUAL E1'ERGY SAVING DY ADDITIONAL INSULATION OF HOT W 
IATER TANK: •,Gl0.4> 
WRJTE(6,1004) SUM4 

H"J.t FORHAT< tH , 'ANNUAL BOT WATER REQUIREHENT, INCLUDING JACKET HEAT LOS 
IS : ',G1'L4' 
WRITE<6, 1805) SUM7 

1005 . FOJ:UIAT< IB • 'ANNUAL BOT WATER IIBQUIREHENT,EKCLUDUIG JACKET HEAT LOS 
I~ : ',GI0.4> 

Wil I TEC 6 , I 006 • SIJl'Ia 
IC.Ji fORtIAT< 1B , 'ANNUAl. HEAT GAIR THROUGH DUCTS n PIPES FOR SPACE COOLI 

ING : ', G19. 4> 
WR ITE<6, 1007) SUl'l6 

1897FORMAT<18 ,'ANNUAL BEAT LOSS THROUGH DUCTS 8 PIPES FOR SPACE HE~TI 
JNG : ',Ct9.4> 

1000 FORllAT< lH ,40X, 'SHBTU = • ,F15 . 9,5X, 'SCBTU :: • ,Ft5.0> 
1():0 FOW'IAT (7H TBTIJ: ,Fi !>. O> 

STOP 
EtlD 
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'0. 

·, 

~I 
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' ~ . .. 

Q:S~QS*CONSP6( l).BCLDC5> 

I 
n 
W : 

I SUBROUTJftE BCLD f B, J\,m...mral ,BLmm2,SAVE,QQ.C,QQB, WHREQ,SUMl ,SU1'12> 
2 c 
3 c 
4 c 
5 c 
6 c 
7 c 
8 c 
9 

18 
11 
12 
13 
14 
u 
16 
17 
18 
19 
20 
21 ' 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 .... 
45 
46 
47 
48 
49 
50 
5 l 
52 
53 
54 
5!5 
56 
57 

\ 

********** ********** *********** 
IIEAl" DEATJ1'C/COOLl1'G LOAD DETEJUUNATI01' ROtrrllfE 

********** ********** ***'*'******* 
COI1MON/HJVBRDAY<12>,llR1'IT<12> 
DlMEJfSION TOD< 12>, TON< 12>, TID< 12>, TIN< 12> ,Rl1'FIU 12), 

1 RH<2, 12l, QISD< 12), QISl'I< 12> ,QILD< 12>, QIUI( 12>, 
2 XIDT<l2>, XIDD<t2), QGDl(l2), QGN1<12>, QGD2(12>, QGlf2CJ2), 
3 QCD3( 12>, QGlf3( 12), QGD4C 12> , QGlf4< 12) , QGDC 12), QGN( 12>, 
4 QS( 12), SATD< 12>, SATft( 12), CDI< 12), CHI( 12), GD2C 12>, 
5 Glf2< 12>, C.D3C 12), CNS< 12), GD4( 12>, CN4< 12), QDD< 12>, 
6 QDN<l2), QCD(J2), QClf<12>, FOCl2), TWDIC12>, Tiffl1(12>, 
7 ATDC12>, ATft<J2>, QFD(l2>, QFN<l2>,CRAWLD<l2>,CRAll'LJl'<l2), 
8 ORD< 12>, QRlH 12), TOTC 12>, B< 350), R< 50>, 
9 QID< 12>, QJlH 12> , QTDC 12>, Q'I'l(( 12), HGC12>, HLC 12) , 
A RLHCC 12>, HREQC12), CREQC12), 
B QWDC12), QW1'Cl2>, ZTC12>, 
C TE< 12>. TG< 12> • B< 12>, BSPrrD< 12>. BSl'fl'lH 12>, TilW1'<4> 
D ,TWD2< 12), Tlffl2Cl2l, T'tIDCl2), 11ffl(l2) 

DII1ENSION DAYS<l2l/31.,28.,3t.,30.,31.,38.,31.,3I.,38.,3J.,38.,31. 
*/ 

DIME.l'fSION Xl.DTS< 12), 
l XIDDl'f< 12) . .iIDTI:< 12), 
2 ATQCDC12), ATQCN<l2>, 
3 QDlf2( 12), QD03( 12), 
4 XD901<121, XN02<J2), 
5 10904( 12), RHM< J2>, 
6BL11WB2C 12>, SAVEC12>, 
7 SCD<t2>, WIJC 121, 
8 QQBC 12l, CFAC\ 12), 
9 SCD4C 12>, lK< 12) 

XIDDSC 12), 
XIDDEC 12), 
WJJREQ( 12). 

QDN3( 121, 
XD902( 12). 

RHA< 12>, 
QCJ( 12) . 
Qll2( 12) . 

HFAC( 12>, 

X.IDTW< 12) , 
AA<32), 

QDDl ( 12), 
QDD4C 121, 

XT903( 12) • 
XX< 12>, 

QC2( 12>. 
QH3(12), 

SCOH 12>, 

XIDDWC 12>, XIDT1'< 12>, 
BQFDC 12>, BQFl'lC 12>, 
QDN1Cl2), QDD2Cl2>, 
QDM4C 12), XN01C 12), 

XD903C 12>, XN04( 12), 
lo/SC 12> , HLR"ffl IC 12> , 

QC3C 12> , ~·H 12> , 
Wl4C 12), QQCC 12>, 

SCD2C12>, SGD3( 12>, 

DATA AA/3HTJD, 3HTIN, 3BTOD, 3BTON, 5BXIDTS, 5BXIDDS, SIIXJDTW, 5BXIDDW, 
I 5BXIDTII, SBXIDDN, 5BY.IDTE, SUXIDDE. 31IQ.ID, 3RQIN, 3BQ.\ffl, 3IJQWN, 3llQDD, 
2 3BQDN,3BCCD,3HQCN,311QCD,3BQGN,3BQF0,3HQFN,31JWID,3HQRN,3HQTD,3HQ'I'l( 
3 .5RHRDAY,5811RNIT,3BSCD,2HZ.K/ 

DATA F0/6, ,6 .• 5.~5. ,5. ,4. ,4 .• 4. ,5. ,5. ,5. ,6./ 
V = 8( H 8 ( INF IL> VOLUME OF THE ROOM, FT3 L*W*H 
ACHS "' 8( 2} 8 ( INF IL> STD AIR CHANGE DATA, AC/HR 
DO 10 I= I, 12 
lOD< I> = B< 1+2> 
TOT< I> = B<I+14> 

8 

TON< 11 = 2 . *TOT<l)-TODCI> 
TIDCI~ = 8(1+26) 8 

10 TIN<I> = 8(1+38> 8 
IACNV=BC 51 > 
DO 20 1=1.12 

29 t/S( I) = BC 1+53> 8 
ORT! = 8(68> 8 
XL.AT = 8(69) 
RHO = B< 70) 
ZIP = DC71l 
AGI = 8(72) 
SCI = B<7'.H 

@ 

(it 

@ 

@ 

@ 

f INFIL) 

< SOLDAT> 
CSOLDAT> 
CQG) 
(QC> 

DAITIKE OUTDOOR TEMPERA11JRE TO 

DAYI'IME INDOOR TEMP 
NJGHTTll'IE IJlDOOR TEMP 

WIND SPEED, MPH 

RMDBS/W 
RMDBS/ W 

ORIENTATION <OS,90W, IB0N,270E> AZW 
L\T 

NOT USED---ALPHANUMERIC TITI,E 
CLASS AREA A 
SllAD l NC COE.ff IC I E.~T SIIADE 

-·-··---~----·-- .,..____-, ....,~ ..... ----
. , 

\.. 

\ 



:rn UGI = lH74) @ (QGl IIEAT 'fR,\NSFER COEFFICIENT U 
5') SIIDWl = D( 75> @ HlG) EXTI::!U4AI. SHADOW f"ACTOR snow 
60 ORT2 = ll( 76) 
61 AG2 = Il( 77> 
62 SC2 = 8( 76> 
63 UG2 = D< 79) 
64 SUD\o/2 = BC 80> 

' I 
65 ORT3 = 8(81) 
66 AG3 = 8(821 

\ 67 SC3 = B< 83) 
66 UG3 = ll( 84) . ' 69 SHD'W3 = B< 85 > .. 
7'1 ORT4 = B<86> 
71 AG4 = BC67) 
72 SC4 = BC 88) 

--- ·. l 73 UG4 = B< 89> -· 74 SHD'W4 = B< 90) 
' 75 VfLTI = B< 9 t> 0 C SOLDAT> TILT ANGLE 0-90 DEG FROM DOR.SURF. 

76 SA :: D<92) ~ (QS) SOLAR COLLECTOR EFFICIENCY FACTORS -77 SB = B< 93) @ (QS) SOLAR COLLECTOR EFFICIEHCY FACTORS 
76 00 30 I= I, 12 
79 30 TE( I> = BC 1+93) @ <SEU,OSl INLET FLU Ill TEl'IP. TO TIIT. COLLECTOR 
80 SUF = BC 106> 0 CSEU) SOLAR HEAT UTILIZATION FACTOR 
61 AS = B< 107> 8 <SEU> CVLLECTOR AREA, FT2 
82 WALLlJ = B( 108> 8 ROOF OVERHANG OVEJ\. WALL 
63 WALL12 = B< 109> @ HEIGHT OF 'WALL l 

'\ I n/34 WALL13 = BC 110> @ SUDW (QC, SAT> EXTERNAL SHADOW F ACT0R C 0. (I - J • 0 > 
\, 65 WALL14 = BC 11 U @AB CSAT> SUHFACE ABSOllPTJVJT{ J.BSP 

~ · 
86 WALL15 = BC 124) @ u CQECHG> OVERALL TIEAT TI\ANSl.-£ R COEH IC IEHT 
87 WALLl6 : 8( 125) @ A < Q.ECllG> i\RJ::A 

-.-
88 WALL21 = B< 126) @ ROOF OVERIIl\NG OVER W,U.L 2 \ 89 WALL22 = BC 127) 8 HEIGTIT OF \:,\LL 2 
90 WALL23 = BC 128> 8 SIIDW 
91 WALL.24 = BC 129) 8 AB 
92 W.\LL.25 = BC 130) @ u 
93 WALL26 = BC 13 D 8 A 
94 WALL3 l = B< 132) @ ROOF OVERJIANG OVER WALL 3 

.. r 95 WALL32 = BC133> @ HEIGHT OF liALL 3 \ 
96 \.iALL33 = B( 134) @ SHDW 
97 'WALL34 = B( 135 > @ An \ 
98 WALL35 = B< 136> @ u I 

99 WALL36 = 8<137> @ A 

\~ 
100 WALL4 I = B( 138> e ROOF OVF.RIIANC OVER WALL 4 
10 I WALL42 = BC139' @ B.E IGRT OF 'WALL 4 
102 WALL43 = BC l~(.l) @ SIIDW 
103 WALL44 = B< 141) @ AB 
104 W/\LL~5 = B< 142) @ u \l 105 1:ALL46 = IH 143) @ A 
106 SOGFRC = ll( 144) 
107 CRllFRC = BC 145> 
106 BSMFRC = DC146) 
109 TIC = BC 147> 
110 Till = BC 143> 
1 I l ROOF1 = 8( 150) ~ SHDW < Sl\T) i\TIICLF.SS 
112 ROOF2 = 8( 151> Ci AB <SAT> .\rn cu:ss 
113 ft00f3 = B< l!J2~ @ U / UR I QECJIG/ATIIC l ATIJCLESS"WITII AITIC 
114 /1EW : n< 153> 
111 ISOLinl = 8( 154) 

·.~ : 
I. 

---:-: 

\~ 
.. - ,\' --
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i , 
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~ 
~ .. 

lt6 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
13 .. 
133 
136 
137 
138 
139 
148 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
169 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
17.1 

' 

ISOLSB = B< ms, 
ROOF4 = 8<14~> 
AW = B< 157) 
ACAT=BC 156) 
UCEIL = OCl59) 
AEW5 = BC 1"9) 
UFLRl = BC II' .H 
HVf = BC 163) 
i.START = BC 164> 
NL\ST = BC 165> 
INDEXD = BC 166) 
INDE.KC = BC 167) 

e UC / U 
8 UW /A 

• u 

' 

CATTJC/QECHC) U-VALUE CLG / BTC UCEL~G 
CATTIC/QECHG> U-VALUE WALL/AREA UENDW/A 

CGF> FLOOR HEAT TRANSFER COEFF. CHTC> 

ZL = BC 168> e EXPOSED PERlftETER LENGTH OF THE FLOOR 
DO 58 I= 1, 12 

38 TGCI) = BCl+168> 9 
ACCS=BC 181) 
UFLR2 = B< 182> 
UCI.V = BC 183) 
BCL " Bl l&O 
AWCL = 8( 185) 
NPD • BC 186> 
NPN = BC 187> 
vrn = ec 188> 
Ym " BC 189> 
'WED = BC 198> 
WElf = BC 19 H 
FLOORA = B< 192> 
ATFLR = BC 193> 
UBW = BC 194) 
ISYS = BC 195) 
UFV = BC 196> 
BWA :s BC !97> 
UBF = B< 198> 
UFF = BC 199) 
QBHC = 8C209> 
THTC = 8<29B 
ZKS " BC292> 
DX = BC203) 
DY = B<204) 
E • 8<205) 
DO 68 I=l,12 

68 ncr>= ec1+21at 
EH : 8<2261 

• UF / U 
• uw / u 

e AV/ A 
8 
e 
8 
e 
0 

• e AF 

e 

• 
• 

e 
fJ 

• • 
@ 

CCRAWL,GF> GROUlfD TEPIP, SEASONAL TGS/TCW 

C CRAWL/QECHG) 
(CRAWL/QECBG> 

FLOOR HTC/OVERALL HTC 
VALL HTC/OVERALL HTC 

C CRAW.L/QECBG> CRAWL SP ACE WALL 
( QiU rm. DAYTIPIE OCCUPAftTS 
(QIU NO. NIGH'ITIME OCCUPltATS 
(QR) AVG.DAYTIPIE LIGHTING 
CQR) AVG. NICIITITPIE LIGHTING 
(QR) AVG. DAYflPIE EQUIPMENT 
CQR) AVG. NIGlfITIME EQUIPMENT 
<QR) FLOOR ARE.A 

<EREQ> SYSTEJ1 J~DEX 

( BSKI'> 8ASEl'IEJIT VALL AREA 

AREA 
QOCUP 
QOCUP 
QLITX 
.QLITX 
Q£QUX 
QEQUX 

u 
u 

A 

( BSKT> HEAT CAii' FROll FURftACE, BOILER.ETC 

(GF> 
( GF> 
<GF> 
<CF> 

<SOLDAT) 

GROUND TBE.RHAL CONDUCTIVITY 
SIDE BOUSE DISTANCE 
FRONT BOUSE DISTANCE 
W<\LL TH I CKN£.SS 

DAILY TOTAL HORIZONTAL RADIATION 

r.c = ec 2a21 
PUB=B<240) • PICK UP HOURS 
DO BO 1=1.12 
RH< I, H = B< I + 240, 
RH< 2, f) = BC I + 252> 

Be CONTINUE 
rum< u = BC265> 
RJIMC2> = 8<266> 
Rffi'IC 3 > " BC 26 7 > 
RJIHC 4) : 8( 268) 
RJIMC 5> = IH 269) 
rurnc 6 > = nc 210> 
Rill)( 7> = BC 271) 
R.JIM< 8l = BC 2721 
RWIC 9> ,. DC 273> 

' 

""' 

--
\ 

' 

\ 



, .. 
t 
t 

174 RlltU ICU II B{ 274) 
1n JUDi( II) = 8(275) 
176 Rlll'Hl2) = 8(276) 

\ i 
177 ftBA{ U = IH 277) 
178 RftA( 2> = 8( 278) 
179 IUIA< 3J = B< 27'H 

! 
180 ftBA(4) = 8(28e) 
181 RJIA( lH = B( 28 U 

\ \ 182 R.'1A<6t = 8(202• 

'\ 183 JUIA(7) = 8( 283) 
184 RflA(8) = 8(284) 
185 RBA< 9) = B< 235l 

f 186 ftBA.(ae) II 8(286) 
l 187 RIL\( I U = Bf 287) ! 188 RHA< (2) II B< 288) 
! 189 DOORl3=1W298) .. 199 DOOR14=B<291) I .. 
f 191 DOORl5= B< 292a 

192 DOORl6=B<293) 
I. 

193 OOOR23=8<295> t 
r 194 DOOR24=B<296• 
t 195 DOOR25=B<297t 

! 196 DOOR26=8< 298) 
197 DOOR33= B< 39,H 

i 198 000834=8<381) 
199 DOOR35=B<392l 

) 
290 DOOR36=B<393l n 291 DOOR43=B< 305) 

IOI I 292 DOOR44=B<396l 
t 203 DOOR45= B< 307> 
I 204 DOOR%= B< 398) 
295 TOUT = 148.9 
206 ICBECIC=B< 399) 
287 AJAC=Bf3UU 
208 DI =Bf31H 
299 l\Al'll =B< 312) 
210 D2 =B4 313) 
211 RAl'l2= Bt 314) 
212 TCSUPA: B<3l54 
213 TCSUPW= BE316) 
214 TBSUPA= IW317) 
215 THSUPW= B<3lB• 
216 4DtJCTlc: B<319) 
217 UDOCTI= B<32~H 
218 APIPt:I= B<32U ~ ., . 
219 "PIPEl= 8( 322) 
220 ADOCT2= B< 323) 
221 UDUCT2= B< 324t 
222 APIPE2=- 8(325) 
223 UPJPE2:m Bt326l 
224 ADUCT3= 8( 327 > 
225 UDUCT3= B< 328) 
226 APIPE3= 8<329> '· 
227 UPIPE3= 8<333) 
228 ADUCT4= 8( 33 l l 
229 UDt;CT4= B< 332) 
230 AP IPE4= B< 33~) 
231 UP IPM= B< 334> 

. • ..., -

......... /· \ ~ 

/ 
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r 
' ' ' t 

232 
233 
234 

........ 
'-......~ 

235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
230 ~ 
231 
252 
253 
254 
233 
256 

l 257 
258 n ! 259 

_... 260 
261 
262 
263 
264 
263 
266 
267 
268 
269 
270 
271 / 

272 
273 
274 
275 ~ 
276 
277 
2711 
279 
200 
2'3 l 
282 
283 

........ 20.; 
285 
286 
287 
288 
~69 

...... 

', 

AIRLOS= N335) 
CAPCL= B<336> 
CAPIIT= B<337> 
DO 78 I=l, 12 
IF< TIN< ll.GT.TID<IJ) TIK<l>=TID< I) 

70 C"NTINUE 
Id ICIIECK.RE. t> GO TO 9981 
lo/RITEC6,75><B< l),1=338,345) 

'• i 

75FORMAT<181,SGX,'CJTY NAME: '4A6/51X,'HOUSE KAl'IE: '4A6//56X,'INPUT DATA LISTING'/) 
* DATA LISTING'/) 

lo/RITE< 6, 98H I, B< f), I= 1,337) 
9~ HMUIAT< 10( 14,19.3)) 

998 1 CONT i !iUI:: 
c 
C81 ** WINDOW ilEAT GAIR ** Vl1'DOW NO. I TO 4 -- START FROM NORTU WINDOW AND 
C HOVE TO EAST, SOUTII, AND WEST 

DO 304 I =I, 12 
QGDH I> =8. 8 
QGIU< u =8.e 
QGD2< l>=8.8 
QGN:2< I> =6. 9 
QGD;J{ D=0.8 
QGM3< 1> =e. e 
QGD-H I> =8 .8 
QG!'f•U J > =8.'?# 
SGDH I> '=di. 0 
SGD2< I>=0.0 
SCD3C I> =8. 8 
SGD41Cl)=8.8 

304 CONTINUE 
TILT=90.8 
CALL SOLDATCZT,B,ORTl, TILT, WALLl l, WALL12,XLAT,RHO, TOWN,KT901, XD901 

*) 
IFCAGl.EQ.8.8) GO TO 305 
CALL QG <ACl, SCI, UGI, TOD, TOM, TID, Tift, SHDWI, XT90t,XD901, 

l QGD l , QGIU , SCD l) 
305 DO 300 l=l,12 

XIDTN< B =XT901C B 
XIDDN<I>=XD901CI> 

300 COIITINUE 
C IF<ICHECK.EQ.I> WRITE<6,8002> 
C8002 fORHAT< IH , 'WINDOW HEAT GAIN ROUTINE NOi. COI'JPLETED') 

CALL SOLDATCZT,H.ORT2.TILT,WALL21,Wft.LL22,XLAT,RHO,TOWN,Xf982,XD902 
•> 

IFCAG2.EQ.0.0> GO TO 306 
CALL QG (AG2, SC2, UG2, TOD, TON, TID, TIN, SIIDW2, XT982,XD992, 

I QGD2, UGN2, SGD2l 
306 DO 301 I., l, 12 

XIDTI:c I> =XT902C)) 
XIDDEC l>=XD902(1) 

301 COUTINUE 
C IF< ICHECK.EQ.l) WRITE<6.8003) 
C8003 FORHAT< 1H , 'WINDOW llEAT GAIN ROUTINE N02. COMPLETFJ>' f 

CALL SOLDAT< ZT, B,ORT3, TILT, WALL31, WALL32 . XLAT, RH0, 1C"lfr, XT903, XD903 
*) 

IFCAG3.EQ.O.O> GO TO 307 
CAJ.L fiG (AG3, SC3, UG3. TOD, TON, TID. TIN, SJIDW3. XT903.XD903, 

I QGD3. QGN3. SGD3) 

\ 

I \ i' 
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~ .. e 
291 
292 

1- 293 
294 
295 
296 
297 
298 
299 , 
300 

/": 
301 
302 
303 
3C4 
3€•5 
3€•6 
307 
308 
309 
310 
31 t 
312 
313 
314 

l 315 

n 316 
317 

' 318 
Cit 319 

320 
, 321 
i 322 

323 
324 

! 325 
326 
327 
328 
3i9 
33q 
331 
332 
333 
334 
335 

~ 336 
337 
338 
3._~ 

340 
341 
342 
34:i 
34~ 
34:) 
346 
347 

---~ J ~~~~ -- -·- . ., .. _ - .. - -
.~L 

307 DO 302 · I = t , 12 
XiDTSCJ)=XT903(J) 
XIDDSC l>=XD903( I> 

302 CONTINUE 
C f F( ICllECK. EQ. I) WR1TEC6,8004) 
C8004 FORl'll\TC IH , '\IJRDOW BEAT GArn ROUTINE ft"03. COMPLETED ' > 

c 

CALL SOLDAT< ZT, Il, ORT4, TILT, lilALL4l, WALL42, XLAT, RilO, TOWN,XT904,XD904 
•> 

1FCAC4 . EQ.0.0) r,o TO 308 
C!\LL QG <AC4. SC4, UC4, TOD, TO'lf, TID. TI!f, SHDW4, XT994,XD904, 

I QGD4, QGfl4, SCD4> 
308 DO 303 l=l,12 

SCDC I>-= SGD 1C I> +SGD2C I> +SCD3 ( l ) +SCD4 C I> 
XIDTWC l)=><T904C I> 
Xl DOW< I ) = XD904( I > 

303 cor~T INUE 
I?< JCHECK.EQ . I) WRITEC6,8005) 

800~ FO~TC JU , 'WINDOW BEAT CAIN ROUTINE COMPLETED'> 
DO I 02 I = 1 , L2 
Q.CDC l >=QCDI< l)+QCD2< ()+QCD3< J)+QGD4C It 
QCNC I> =~Cl'f 1 < I> +QClf21 D +Q.CN3< I) +QGN4C l) 

102 CONTINUE 

ce2 ** SOLAR ENERGY UTlLlZi.J'ION u 
CALL SOLDATCZT,B,0.0,W'fl..Tt,O., 10., XLAT,RBO,TOW!f,XIDT,XIDD> 
CALL SEUCSA,SB, TE, TOD, XlDT,SU'F ,.A..S,QS, ISOLBW, ISOLSH) 

- 00 103 l=t,12 --~----
103 QS( I> =QS( I> *DAYS< D 

IF\ ICIIECK.EQ. t) WR.ITEC6,8006) 
8006 FOR.HAT< tB , 'SOLAR ENERGY UTILIZATION ROUTINE COMPLETED'> 

c 
C93 ** INFILTRATION BEAT CAIN ** 

CALL !NFIL CV , ACHS, TOD, TON, TID, TIX, WS, RINFIL, 
I NSTA.RT,NLAST , IACNV) 
CALL QI CRINFIL , TOD. TON. TIO, TIN, RB. QISD, QISK, QJLD, 

l Q lLN, RHI1, fUU,) 
c 

IFI ICHECK.EQ. O WRJTEC6,800I> 
8801 FOIU1ATC lH , 'INFILTRATION HEAT CAUi ROUTINE COMPLETED') 

c 
C04 ** VALL BEAT CAIK ** WALL NO. 1 TO 4 

DO 401 I'"· 1 , 12 
GDI< f) =8. 8 
CNH I> =9. 9 
GD2C ():::0.8 
GN2C 1>"0.8 
GD3( I) =8. 0 
GN3C B =8.8 
GD4< () =G. 8 
GN4< 1>=0.9 

481 CONTINUE 
IF<WALLi6.EQ.0.0> GO TO 402 
CALL SATCXT901 , XD901,WALL13,WALL14,F0,90.0,TOD,TON,SATD,SATI"> 
CAL:. QECflCC SATD, SA Th, W,\LL 15, WALL 16, T ID, TIN, GD I , GN 1) 

402 1Fn lALL26 . EQ.0.0> GO TO 403 
CllLL SAT( XT'?02 . XD902. 1/f1.LL23. WALL24, ro. 90. i}. TOD. TOfi. SATD, SATN> 
CALL Q£CfiC<SATD,SATN,WALL25,WA1.L26,TID,TIN,GD2,f.N2> 

· 03 If( 11Al.L36. Ell .. 0. 0 ) CO TO 404 

..• 
. · 
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n 
ICO 

I 

I 

346 
34~ 
3CO 
351 
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3.J4 
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379 
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386 
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389 
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392 
393 
3~4 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 .. ,,.~ 

CALL SAT<XT903,XD9~3.WALL33,WALL34,F0,90.0,TOD,TOn.sATD,SA11f) 
CALL QECIIG( SATD,SATN, WALL35, WALL36, TIO, TIN, GD3,GN3> 

-<.04 IF< \iALL46. EQ. 0. 0) GO TO 405 
CALL SAT< Xl'904. XD904, llALL43. WALL44, FO, 99. 0, TOJl, TON. SATD,SATl'O 
CtJ.L QECHG< SATO,SATN, WALL45, WALL46, TIO, TIN, GD4,G.N4) 

4b5 DO 104 I=l,12 
(lVD< I) =GD!( l)+GD2< l)+GD3< I>+GD4( I) 
Qh'N( I) =GN I( ll +GN2< I> +GN3( I) +GN4( I) 

104 COI'iTINUE 
IF< ICHECK.EQ. t> 1"RITE(6,8007) 

0007 FORMAT< IH , 'WALL HEAT GAIN ROUTINE COMPLETED') 
c 
C05 ** DOOR HEAT GAIN *~ 

DO 50J 1=1, 12 
QDDJ( I) =0. 9 
QDNt<I>=9.9 
QDD2C I) =9. 9 
QDN2< I>=0.0 
OOD3< D=0.0 
QDN3< I> =9. 0 
QDD4( 1>=0.9 
QDl.'14( 1):0.9 

598 CONTINUE 
IF<DOORl6.EQ.0.~) GO TO 501 
CALL SATOIT90l, XD90 l, DOW '' ()(lR14, F0,90.0, TOD, TON ,SATD,SATIO 
CALL QECHGC SATO, SATN, J)1 1<iiu ;, , , vORl6, TID, TIN, QDD1, QDN l) 

501 IF<DOOR26.EQ.0.0> Cf) TO 502 
CALL SATCK1~02,XD902,DOOR23,DOOI\.24,F0,90.0 . TOD,TON,SATD,SATNl 
CALL QECBG<SATD,SATN,DOOR25,DOOR26,TID,TIN,QDD2,QDN2> 

502 IFCDOOR36.EQ.0.0) GO TO 503 
CALL SATCXT903,XD903,DOOR33,DOOR34,F0,90.0,TOD,TON,SATL,SATNl 
CALL Q£CHG<SATD,SATN,DOOR35,DOOR36,TID,TIN,QDD3,QDN3l 

50a IF<DOOR46.EO . e . o> GO TO 504 
CALL SATCXT904,X:D904,DOOR43,DOOR44,F0,90.0,TOD,TON,SATD.SATNl 
CALL Q£CHGtSATD,SATN,DOOR45,000R46,TID,TIN,QDD4,QDN4l 

504 CONTINUE 
DO 505 I =1.12 
ODD< ll=O.DDI< J)+QD02( O+QD03( l>+QJ)!)4( I) 
QDN( Il=ClDNl< J)+QDN2C I>+W>N3( IHQDN4< I> 

505 CONTINHE 
IFC ICHECK.EQ. l) WRITEC6,800Sl 

8000 FORl'lATC IB , 'DOOR HEAT GAIN ROUTINE COrlPLETED' > 
c 
C06 ~* CEILING HEAT GAIN ** 
c 

DO 16 I= I, 12 
}{}{(I) = o. 0 
<lCD( I> = 0. 0 
QCNC I>=0 . 0 

16 CONTINUE 
C A'ITICLESS ROOFS 

TILT=0 . 0 
CALL SOLDATCZT,H,0.0,TILT,8.,10.,XLAT,RIIO,TOl/N,XIDT,XIDDl 
CALL SATO{! OT, XIDD, ROOFI, ROOF2,FO. 0. 0, TOD. TON, SATll, SATN> 

· IFCROOF4.EQ. 0.0> GO TO 6 
CAl.L QECJIGC SATO. SATN, ROOF3, ROOF4. TID, Tl N, QCD, QCtO 
IF< l CITE Cf(. EQ. 1) lffi I TE< 6. 8~'l9 > 
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c 
6 IF<ATFLR.EQ.0.0) GO TO 66 

ATIIC ROOFS 
DO 600 J=I, 12 
ATD< J) :Tl D< B 
ATII< )) =TIN< )) 

698 CONTINUE 
CALL SAT<XX,XX,0.0,9.0,F0,99.8,TOD,TO~.TWDl,Tlll'fl) 
CALL SAT<XX.XX.9.0,0.9,F0,90.0,TOD,TON,TWD2,TWN2> 
DO 666 I = I , 12 
TWD<I> = <TWDI< I) + 1ft'D2( I))/ 2 . 9 
TW!'(( J) = ( T1iN l( f) + Tlffl2( I>)/ 2 . 0 

666 CONTINUE 
IF< INDEXD.EQ.O> GO TO 9902 
CFM=ACAT*ATFLR*AEWH/60.0 

·CALL ATIICCATFLR.SATD,SATN.~TFLR,TID,TJ1',AW,TWD,TWft,CFM,ROOF3, 
* UCEIL.A.Ell5,TOD,TON,A1D,ATII> 

C 691 IFC I CHECK. NE. I) GO TO 9902 
C 'WRITE< 6, 99{} l) C ATDC K>, Alli( K>. TWIH JO, TWNC JO, SATD< JO, SATif< JO, X:= 1, 12> 
C9001 FOnMATC IB ,6CF9 . 3>> 

9902 CONTINUE 
CALL QECHC<ATD,ATN,UCEJL,ATFLR,TID,Tl~.ATQCD,ATQCN> 
GO TO 6666 

66 DO 166 l=t,12 
ATQCD< I> =9. 8 
ATQCNC I> =8.8 

166 COllTINUE 
6666 DO 106 1=1,12 

QCDC I>=QCD<ll+ATQCDCI) 
QCNC I>=~CN<Il+ATQCNCI} 

106 CONTINUE 
IFCICHECK.EQ.t) WRITEC6,8810) 

8810 FORHAT< 18 •'CEILING HEAT GAIN ROUfllfE COHPLF.'n:D') 
c 
C87 ** FLOOR HEAT GAIR ** 
c 
c 

177 

8811 
c 

7 

70 I 

SLAB 011 GRADE 
AF=FLOOP.A*SOGFRC 
DO 177 1=1,12 
W'DC 1>=8.9 
QFrH n=e.G 
CONTINUE 
JF<AF.E-Q.0.0) GO TO 7 
CALL GFCAF,ZL , DX,DY,ZKS,E,TOD,TOft,UFf,TID,TIN,QfD,QFlf) 
IFC ICIIECK.EQ. ll WRITEC6,88lll 
FORMAT< IIl , 'SLAB ON GrtADE llOUTINE COMPLETED'> 

CRAW'... SPACE 
~~ 791 l=l,12 

GDH I) =0.0 
Gil l< I > = 9. 9 
GD2< ll=0.0 
Gfl2C J)::r0.8 
CONTINUE 
AFCL= FLOOI\A*CRWFRC 
IF< APCL.F.Q. 0.0 ) GO TO 702 

CALL S 1\ T ( XX. XX, 0. (.\ , 0 . 0, ;-t1, 90. 0, TOD, TON, SATTl, SATIO 
Cffll'f= ACCS*FLOORA:i:CRWFRC :t. D~L/60 . 0 
C,\LL CM WU TOO, TON. TC , TIO. T IN . SATn,SATN , cnr-1. UFLR.'?, UCL"W, t .0,AFCL, 

* A\.ICL .Cf'.AWLti .CJlt\1/LN) 
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514 
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520 
521 

CALL QECHC<CnA1'/LD,CRAliLN,UFLR2,AFCL.TID,TIN,GDl,GNl) 
7~2 DO 107 l=l,12 

W>n< l>=GDH ll+GD2< H+QFD< I~ 
QFN( l>=GNt< IJ+CN2< ll+QFN( fl 

107 CONT I NUE 
If( ICIIECK.EQ. l) WRITE(6,R012) 

8012 FORMJ\TC 18 , 'CRAWL SPACE ROUTINE COMPLETED'> 
BFA=FLOORA*BSHFnc 
DO 703 I=t,12 
BQFD( I) =0. 0 
BQFN(J)=9.0 

703 CONT IHUE 
IF<BFA.EQ.0.0) GO TO 7&4 

C BASEHElfT 
CALL BSMT ( UFW, BWJ\,BFA, UFL.RI. UFF ,QBHG, TID, TIN, TG, TOD, TON, 

I unw. UBF. BSffi'D. BSHTN. BQFD. BQFJO 
IF< ICHECK.EQ . I) WRITEC6,9999) <BSMTDC I), l=t, 12) 

9999 FORMATC/IH ,12Cl0.4> 
IF< ICRECK. EQ.. t> WRJTE\6 , 9999) <BSMTNI D, l=t, 12> 
If( INDEXC.NE.0lCJ\LL QECBCIBSM'fD,BSMTN,UFLRl,BFA,TID,TIN, 

I BQFD, BQ.rN) 
If( JCBECK.EQ. I) WRITE(6,9999> <BQfD( D ,J=t, 12> 
JF( JCHECK. EQ.. I> WRITE< 6, 9999 > <BQFN( I), I= l. 12> 
IF< ICHECK.EQ. I) WRITEC6,8013l 

8013 FORMAT< IH , 'BASEMENT ROUTINE i:OMPLETED') 
704 DO 1777 I=l, 12 ' 

QFDC I>=QFD( l>+BQFDCI) 
QFNC ll=QFN< B+BQFN( J) 

1777 CONT JNUE 
IF< ICRECK.EQ. I> WllITE<6,80t4) 

8014 fORl'JAT< IH , 'fLOOR HEAT GAIN ROUTINE COMPLETED') 
c 
C08 ** INTERNAL HEAT GAIN ** 

DO 109 I= I, 12 
CALL QRCl'fPD,NPK,WI'D,VfK,'WED,WEN,QRSD,QRSN,QRLD,QRLN,HRDAYCI>,HRNIT< J)) 

*( I)) 

8915 FOlU-lAT( Ill , 'INTERNAL HEAT GAII'I ROUTINE COMPLETED'> 
c 

QRD< I> =QRSD 
ORN< I>= IIBSN 
CHO< J>=QISD( I> 
QINC I> =QISIH J) 

109 CONTINUE 
CALL ZJCDN(RINFIL,B,ZIO 
IF<ICHECK.EQ. I) llRJTE(6,8015) 

c 
C09 ** HEAT LOSS AND HEAT GAIN ** 

IF< ICHECK.NE. 1) GG TO 9900 
WRITE(6,9005) 

9005 FORMAT< l HI, 60X, 'ANNUAL SUl'IM:\RY') 
\IRITEC6,900i;l 

9906 fOTU1AT( llI ,60X, 14C lB-)l 
WRITE< 9, 90071 

9007 f'ORl'1AT( /JH • IOX. 'J' ,9}{, ·r· ,9X. 'H' ,9X, 'A' ,9}{, ·n· ,9X, 'J' ,9X, 
I '.J ' .9X. 'A' . 9 ){. ·s· ,9X. ·o· ,9X, 'N' ,9X, 'D'/) 

WRITE< 6. 9003 ) AM I>, ( TIO< ll. I : l, 12) 
9003 F'OrutAT< !II .A5 . 12Gl0.4'> 

\iRITE( 6,900~l A!\< 2>, {TIN< I l. l= I, i21 
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c 
c 

l.lUTEC 6. 9003> AA< 3), ( TODC I>. I= t. 12> 
lffilTEC<>,9003) AA.(4),CTONCI>.l=l,12) 
W'nlTEC6,9063l AA<29),HRDAY,/\AC30l ,HRNIT 
'h'JUTE< 6. 9003) AA< 5), < XIOTS< l > ,I= l, 12) 
WRITE<6 .9003) AAC6l. < XIDDSC ll, I= I, 12) 
WlllTF.< 6, 901:13) AA< 7), < XIDTWC (), I= I, 12l 
WRITE< 6 ,9003> AAC Bl, ( XIDDWC J), I= I, 12l 
'W1HTE<6,9"03> AAC9l .< XJDTN< I>, I= 1, 12~ 
lolll.ITEC6,9003> AAC 10>. CXIDDN< I), I= l, 12) 
l/RITE< 6, 9003> AA< 11) , C XIDTEC l> . I= I, 12> 
WRITE<6,9003)AA( 12),(XJDDE<I>, l=l, 12> 
"'1\lTE< 6, 9903>AA< 13), < Q.10( l>, I= l, 12) 
WR !TE< 6, 9003) AA< 14> , UHM< D , I= I, 12> 
WRITE<6,9903lAAC'15l, CQ.\IDC I>, J:: I, 12> 
1'1IUTE<6,9903>AA< 16> ,CQ.Wlf( f), I= l, 12) 
WRITEC6,9003)AAC 17) ,CQDDC I), I= I, 12) 
WRITEC6,9003lAAC 16) ,CQ.DN< J), I= l, 12) 
WRITE< 6, 9603) A.A< 19) , < QCDC I> , I= l, .1 2> 
WR1TEC6.9003>AA<20),(QCNCll,l=l,12l 
WRITEC6,9003)AA(21l, CQCD< I>, I= 1, 12> 
llRITEC6 .9003lAA<22l ,lQGN( (). l=t.12> 
WRITEC6,9903lAA(23l,COFDCll,1=1, 12l 
WRITEC 6, 9063> AA( 2{,) , < QF!f( ll , I= l, 12) 
'WRITE<6,9803)AAC25) ,(QRD( I>,!= I. 12) 
WRITE< 6. 9003) AAC 26 l , < QRl'f( I> , I= l, 1.2> 
WR1TE<6,9803lAA<31) ,SGD.AAC32>,ZK 

9884 FORMATC/10 ,h5,12GJ8.4> 
9900 CONTINUE 

CALL BI.HCC I.HD, QIN. llWD. QWN, Q.DD, Q.DN, QGD, QClf . QPD,QF!f, TBTC, PUB, QRD, QM * ,QTD,QTN,BG,IIl..,QCD,QC~.NSTA.RT,NLAST,TJN,TOlf,TID,TOD, IACNV,SGD, 
* ICBECK,TIC,TIH,ZIO 

IF( ICHEC.K. lfE. ll GO TO 9010 
WRITEC6,9004lAAC27l,(QTDCll,l=l,12l 
'WRITE< 6, 9084> AAC 2:8> , < QTNC I l , I= I, 12> 

9002 FORHAT< lK, l4E9.4) 
9010 CONTINUE 

IF CICHECK.EQ. ll WRITEC6,8016l 
8016 FORMAT< 1B , 'HEAT LOSS 3 HEAT GAIR ROUfllfE COMPLETED'> 

c 
C10 ** HEATING AND COOLING REQUIREMENT ** 

DO l10 I= I, 12 
RLBGCI>=e.e 
lf(QRLD.GT.8.0) RLBGC T>=RLHG< ()+QRLD 
lfCQRLN.GT.0.0> RLR&C I>=RLHGC I>+QRLN 
IF< J.GF..NSTART.AND. I.LE.NLAST.AND.1'0DC I>.LT.TIDCl).Al'fl). 

I QRLD.CT.8.0.AND. IACNV.EQ. ll Hi.HCC ll=RLHGC 1)-QIU..D 
IFC r. CE. NSTART . AND. I. LE. NL/\.ST. AND. TOIH I>. LT. TJNC ll. AND. 

I QJU..N.GT.8.0. AND.JACNV.EQ. ll RLHCC I>=RLHC< ll-QRLN 
IFCQ.ILD( II .CT.O . O> RLITGC I>=RLHG< l)+QILDC I) 
l FC QI LN( I> • CT. '1. 0> RLIIC< I>= Rl.HC( D +0.ILNC I) 
If( l.CE.NSTART.A.~D. 1.LE.NLAST. AliD.TODC I> .LT.TID< Jl.AND. 

I QILD< ll .GT.0.0. Afffi. IACN V. EQ. I> RI.JIG< J) =lU..HGC 1)-QILDC J) 
If( I. CE. NSTART. A.fill. J. LE. NLAST. AND .. TON< ll . LT. TIN< Il • AND . 

I QILN< Jl .GT.O.O .Atm. IACl'i'J .EQ. D RLIIG< !)=JU.HG< D-OILN< I> 
I 10 CONT 1 J'ltlt: 

ff ( ICIIECK. EQ. 1l WRITE< 6, 9011) < fil.JIG! () • I= l, 12> 
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9011 FORMJ\T(/!Il ,'Rl.IlG',12Gl0.4> 
c 

CAI"L HCRT(HL,fiG,RLDG,HREQ,CREQ,AIRLOS> 
DO 200 I = 1, 12 
IIIlEQ< f) = HREQ< [) * DAYS< I> 
CREQ< J) = CREQ( J) * DAYS< l> 

200 CONTINUE 
DO 202 J = NSTART,NLAST 
m1Eac n = 0.0 

20::. corff 1 ~UE 
DO 203 I= l , 12 - ------ ·---- -·-
IF< I.LT.NSTAR'f.C\R. l.GT.NLASTl CREQ( U=0.0 

203 CONTINUE 
DO 207 I=l,12 
QCt< ll=0.0 
QC2C 1>=0.0 
QC3( 1>=0.0 
QHI( f)=0.0 
QII2( l) =0. 0 
Qll3()) =0. 0 
CF AC< I> = 0 . 0 
BFAC< I> =0. 0 
IF< CAPCL. EQ. 0. 0) GO TO 208 
CFAC<I>=CREQ(f)/CAPCL/24.0/DAYS(I) 

208 IF<CAPHT.EQ.0.0) GO TO 207 
HFAC< I>=-IIREQC I>/CAPHT/24.0/DAYSC I) 

2~7 CONTINUE 
IF<CRWFRC.EQ.0.0) GO TO 705 
CALL CSDUP HADUCTl, UDUCTl APIPEl, UPI PEI, TCSUPA, TCSUPW, THSUPA, 

t THSUPW,CRAWLD, CRAWLN, !-!START, NLAST, QCl, Qlll, 
2 CFAC. HFAC> 

705 IF<ICHECK.EQ.l) WR1TE(6,'H95) 
9'}95 FORMAT< lH ,'CSDUPI CO!'IPLETED') 

IF<ATFLR.EQ.0.0) GO 70 706 
CALL ASDUPI< ADUCT2, UDUCT2, APIPE2, UPJPE2. TCSUPA, TCSUPW, THSUPA, 

t TIISUl'W, A TD, A TN, NST ART, NLAST, QC2 , QII2, CF AC, HF AC) 
706 IF< ICHECK.EQ. 1) WRITE<6,9996) 

9993 FORMAT< Ill , 'ASDUP I COMPLETED') 
IF<BS~IFR!' .. EQ.0.0> GO TO 707 
CALL nu:· UP I ( ADUCT3. UDUCT3. AP IPE3. UP IPE3. TCSUPA, TCSUPW. TII5=UPA. 

I THSUP' i, BSMTD, BS MTN, NSTART, NLAST, I NDEXC, QC3, Qll:l, 
2 CFAC,HFAC> 

707 IF< ICIIICK.EQ.l) WRITE<6,9997> 
91)97 FORMAT< III , 'BMDUP I COMPLETED') 

CALL OSDUP IC ADUGT4, UDUCT4, AP IPE4, UP IPE4, TCSUPA, TCSUP'i. TRSUPA, 
l TllSUPW, TOD, TON, NSTART, NLAST, Q.C4, Qll4, CFAC, IIFACl 

If{ ICITECK.EQ. 1) WRITE(6,9996) 
9996 FOIU!AT< lH • 'OSOUP I CDril'LETED' ~ 

DO 206 I= I , 12 
QQCC )) = \ QCH I )+QC2( )) HlC3( I )+QC4< I>) *DAYS< I> 
QQH( Il=(QJll( ))+OH2< l)+Qll3( B+Qll4< IH*DAYS< ll 

206 CONTINUE 
DO 205 I=l, 12 
IFCBSMFRC.EQ.0.0> BSMTD< ll=TJD(ll 
IFCBS~IFRC.EQ.O.Ol BSMTN<I>=TIN< ll 

205 i:ONTINUE 
CAl L IHIJL'\EQ(TOUT, TG, mIT.A.JAC. 8Sl'ITD, BSm:;. ()(, RAl'll. D2, RAJ'~. rn.HhUl. 

I llLllWII2. SA VE, 1'llilEQl 
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638 
639 
M0 
641 
642 
643 
644 
645 
6.\6 
647 
6-i8 
649 
659 
651 
6lj2 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 

n; 
663 
664 
665 
666 

~ · 667 
668 
669 
670 
671 
672 
673 
674 
675 
67i 
677 
678 
&79 
688 
681 
682 

c 

DO 284 I=t,12 
WHREQ<J>=WIIREQ<I>*DAYS< I> 
fil.lfWllH ')=Hl.IDmH l>*DAYS< D 
HLIDffi2( B=HI.Hlffi2C l>*DAYSC H 
SAVE< H=SAVE( l):~DAYSC H 

28i COflTJNUE 

U"( I CHECK. EQ. U lffllTEC 6, 8017> 
8017 FORMAT< lH , 'HEATING B COOLING REQUIREl'IEIIT ROIJTIIfE COMP 

C 11 ** ENERGY REQUIREMENT ** 
CALL EREQCJIREQ,CREQ,EH,EC,ISYS,R< l>,R<2>,WIIREQ,QS,Q:QC, 
IFCICHECK.EQ.I) WRITE<6,8018) 

0013 FOIDIAT< lB • 'ENERG\' REQUIREMENT ROUTINE COMPLETED'> 
c 
C ** OU'!'PUT ** 

c 

c 

IF< ICHECK.lfE.1) GO TO 9~~3 
lffilTEC6,98e5> 
lilUTEC 6 , 9e86) 
WRITEC6,9887) 
llRITEC6 , 9888)CBREQCI>,I=l,12> 

9888 FORMAT< 1H , 'HREQ ', l2Gl8.4) 
WRI1'EC6,9889>CCREQ<I>,l=l , 12> 

9009 FOlU'lATCIH .'CRECl ',12Gl8.4) 
9903 CONTIKUE 

IF< ICBECK. lfE. l> GO TO 9984 
SUMI = 8.8 
SUH2 = 8.8 
DO 281 I = I, 12 
sun1 " smu + IIREQC n 
SUH2 = SUM2 +- CREQC I) 
RC 1+2) =BREQC I) 
R< I+ 14) =CREQ( I> 
RC 1+26) =TOD< f) 
R ( 1+38>=T0l'f( I> 

261 CONTINUE 

If( ICHECK. liE. I) GO TO 9904 
\llll TE< 6 , rn02 > TDTC. sum • smt2 

1802 FORMATC/IH ,F7.2,68X,6Il TIIT= , Cl5.7,6H TCT=,Gl5.7) 
W!UTEC6,IQCH) ISYS, <R<H,1=1,2) 

100<l FORMATC/ID , J2,40X, 'SIIBTU =- ',Gl0.4,' SCRTU = ',G18.4) 
99.W CONTINUE 

RETUfU( 
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as~Q~*CONSP6<l•.SOLDAT<22) 

I n · 
I .... 

I SUBROUTINE SOLDAT<ZKT,H,WhZ,W'TI..T,OVHANG,WALLBT,XLAT,RHO,TOlffl,XJDT, 
2 *XIDD) 
3 C TiflS SUBROUTINE CALCtn..ATFS MONTI.Il..Y AVERAGE SOLAR BEAT RADIATION 
<lP C ll'iCIDENT UPON A GIVEN SURFACE WITH TIIE OVERHANG. 
5 C ZICf ••• LfU/JORDA1f FACTOR - DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE/ 
6 C THE SAHE IN OUTER SPACE 
7 C H ..... DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE 
8 C TO .... DA IL Y AVEl\ACE TEJ1PERA TURE 
9 C XL..T •• LATJTUDE OF THE LOCATION 

10 C RJlO ... REFLECTIVITY OF TIJE GROUND AROUND THE WINDOW 
11 c WAZ ••• SURFACE hZIHUTB ANGLE. DEGREES FROM SOUTH ( es. 90W, lOON, -99E 
12 C W11..T •• SURFACE TILT ANGLE C90 DEG VERTlr.AL, 0 DEG HORIZONTAL> 
13 C XIDT •• TOTAL RADIATION INCIDENT UPON A GIVEN SURFACE, BTU/HR,F1'**2 
14 c xroo .. DIFFUSE RADIATION INCIOENT UPON A GIVEN SURFACE, BTU/HR,F1'**2 
15 C OVBANG .. OVERIIANC OVER A WALL, FT 
16 C WAl.LHT •• WALL HEIGHT, FT 
11 c 
18 
l '> 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

COMMOlVHR/IlRDAY< 12> ,BRNITC 12> 
DlHE?iSION LDAY<l2)/3J,28,31.30,3l,38,3J,31,30,31,38,3l/ 
DIMENSION XDECCl2)/-19.51,-!8.28,.20,ll.56,20.14,23.27,20.26,12.03 

* •. 37,-10.47,-19.58,-23.27/ 
DIMENSION R< 12)/1.03,L . 0207, t.0057,.9875,.9727, .967,.9692,.9785, 

* . 9945,1.8133. 1.0267, 1.0327/ 
REAL USC 12> / 1. 13, I. 13, I. 13. I. 13, I. 06, I. 86, 1. 06, 1. 06, I. 06, 1. 13, 1. 13 

•.1.13/,H< 12> .ZKT< 12> 
REAL TOWN<4>,ZIT<24>,DLITEC12> 
REAL RST/442.1/,PI/3. 1415927/,LAT 
Dil'IENSION B< 12)/.142,. 144,.156,.18,.196,.295,.297 •• 201,.177,.16,.149,.142/ 

*49,. 142/ c.n I . 30 REAL DN1<24>.ASJ(24>,RSIC24>,XIDT<l2>,XIDD< 12> 
PIOV2=Pf/2. 31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

XLAX=AINTCXLAT) 
LAT=<XI..AX+CXLAT-XLAX>/0.6>*Pl/l80. 
LAX= INT< XLATl 
MinUTE=<XLAT-XLAX)*l00 
VI'LTX=W'TI..T*Pl/168. 
WAZX=WAZ*Pl/180. 
DO 1 N= t, 12 
RD=AINTClID~~<N>> 
DEC=<RD+<XDEC<N)-RD)/0.6>*Pl/l80. 
COSWS=-TA.i~<LAT>*TAN<DEC> 
IFCCOSWS.GT.1 .. 0R.COSWS.LT.-1.) RETURN 
WS-=ACOS< COSWS> 
T\iS=WS*l2/PI 
SUflRIZ= 12.-ABS( TWS> 
SUNSET=t2.+ABS<TWS) 
IIRDAYCN>=SUNSET-SUNRIZ 
HRf{JTCM>=24.-IlRDAY<N> 
COSLD=COS<LAT>*COS<DEC) 
S IHLD-=S f:I( LAT> *S l!'f< DEC) 
S=O. 
DO 500 V= t , 39 
WW= l{S*L-'40. 
CZE= COSLD*COS< llli> +SI NLD 
PAR=-B<N>/CZZ 
APA= ABS< PAR> 
lf<APA.CT.UO.l GO TO 501 

.__)'</;/.·Si:.\<\~, \',. ' \ " .. ·.. \ . - .. .· .. :, .. /·. '1'·:· ... , ,Ay·. <:-- \-.. ··-··-- -~-\ \ 
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58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
60 
69 
70 
7J 
72 
73 
74 
75 
76 
77 
78 
79 
80 
BJ 
82 
83 

n ( 84 
85 

la; r 86 
87 
88 
89 
1~ 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
11 1 
112 
113 
114 
115 

\ ' ... -. 

\ ·,/; . .. ; .· 
... 

AftS=EXP<PAR>*CZE 
GO TO 502 

501 ANS=O. 
502 S=ANS+S 
500 CONTINUE 

ANS-O=EXP<-B<N)/fCOSLD+SINLD>>*<COSLD+SINLD)/2. 
AI=WS/ 40.*<ANSo+S> 
00=24./Pl*RCN>*RST*CCOSLD*SINCWS>+WS*SINLD> 
THil-=H<N> 
ZKTI N> =HC If) /HO 
ZKD=ZD< Zh.IC If), 
DHH=HO*<ZICTC'H-:-ZKD> 9 DAILY TOTAL DIRECT ON HORIZONTAL 
RHH=IlO*ZKD 8 DAILY TOTAL DIFFUSE ON HORIZONT~L 
A=DHil/(24./Fl*AI> 
FAC=A/ZKTC If> 
DO 2 I= 1,24 
DNH 1>=0. 
ASHB=0. 
RSU H=O. 

2 ZIT< 0=0. 
DLITEClf>=2.*ABSCTlrlS> 
DO 3 I= 1,24 
TI.HE= 1-1. 
WT=ABSC 12.-TUfE) 
W=Vl'*PJ/12. 
IFCTil'!E-SUNR IZ> 3,3,4 

4 IFCTil'IE-SlfflSET> 5,3,3 
5 COSZ=SINLD+COSLJ):f:COSC'li> 

COSlf=CO.]( DEC> *SUH W> 
COSS=SORTCI.-COSW*COSW-COSZ*COSZ> 
V=TANCDEC>/TANCLAT> 
TEST= COSC W> -V 
IFCTEST> 9,9,8 

9 COSS=-coss 
8 ALT=ASINCCOSZ> 

AZM=ASINCCOSW/CCSCALT>> 
IFCCQSS> 23,24,24 

23 AZM=PI-AZM 
24 IF<AZM.GT.Pt> AZM=2.*Pl-AZM 

IF< TINE.LT. 12. > AZH=-AZM 
..\Zl'IP = AZM* 180 . /P I 
PAR2=-BCN)/COSZ 
AP2=ABSCPAR2) 
IF<AP2.GT.80.) GO 'l'O 3 
DNIC l>=A*EXPCPAR2> 
IFCDJUC D .LE.9.) OfflC H=O. 
DHI =DN I< I> *C(tSZ 
IFCDHl.LE.0.) Dlll=0 . 
RR=Pl/24.*CCIJSC~>-COSCWS))/fSIRCWS>-WS*COS{lfS)) 
IFCRR.LT.9.) FJl=O. 
1'H I = RHH*RR 
IFCWTLT.GT.8.) CO TO 25 
COSTH=COSZ 
GO TO 26 

25 CONTUJUE 

.. .. 
~a-,:• " 

SAZM= AZH-llAZX 
SAZHP=SAZN°*l80./PJ 
ALTP:ALT*IBO./PJ 

.. ~ ~\j :\ • t :-- ' ' l/ , 
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116 
ll? 
I ta 
II~ 
1211} 
121 
122 
123 
124 
125 
126 
127 
12ll 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
148 
141 

' 142 n\ 143 
144 .... 145 

.._.; 146 
147 
148 
149 
158 
151 
132 
153 
IH 
155 
156 
157 
158 
159 
168 
161 

c 

\ \. ..... .. 

JF(YfLT.GE.90.) GO TO 58 
ALPIIA=COS<Vn:no 
BETA=SIN<WAZX>*SlttCW"n.TX> 
CAMHA =COS(WAZK>*SINIWTLT>O 
COSTU=Al.FllA*COSZ+BETA*COSW+GAHl'IA*COSS 
CO TO 2l> 

:rn cosm=cosc SAZM.l *COS< ALTI 
26 CONTINUE 

SUl'ILIT=0. 
IFCCOSTll.U:.0.) GO TO 27 
TF.ST= COS ( SAZH> 
COSALT=COS< ALT> 
IFlCOSALT.EQ.8.) GO TO 27 
JF<TEST.NE.8.> TANPM=TAKCALT>/TEST 
WRITE(6,789) M,J,SAZH,ALT,TEST,COSALT,PROFIL 

789 FORMATV' JI I SAZPI ALT TFS"f COSALT PROFIL'/ 
*213,5Fl8.3) 

IFCTEST.EQ.8.) GO TO 27 
SUM. IT=< WALLBT-OVHANC*T ANPRO) /WALLBT 
IF<SUl'fLIT.LE.9 .> SUNLIT=&. 
IF<SUJn.IT.GE. I.) SUlfLIT=l. 

27 CONTilfUE 
IF<COSIB.LE.8.) COSTH=0. 
THP=ACOSCCOSTH>•l88./Pl 
ASl<l>=tJI< l>*COSTB*SUKLIT a DIRECT RADIATIOft 
IF<ASIC I> . LE.8.) ASH l>=O. 
RSI< I>~<R~l+IRBl+DBl>*RB0>/2. a DIFFUSE RADIATIOft 
IFCWTLT.l.E.0.l RSI< l>=RBI 
ZIT<I>=ASICl>+RSJCI> 8 TOTAL RADIATION 

18 CONTIIUJE 
3 CONTINUE 

SU111'=8. 
SUMD=8. 
smm=e. 
SUM=8. 
00 14 I= 1,24 
SUMN=SUH!f+DNl<I> 
SUZ.ID=SUHD+ASH I) 
St"fil:: smm+ RS H I) 

14 SUM=SUM+ZIT<J> 
;nDTC N> 7SUMD+Smm 
XIDD<N>=smm 

12 CONTINUE 
l CONTIRUE 

RETURN 
am 
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QSQSOS*COJllS.... I J • ~ I> 
I FUWCTIOK ZD< ZTI 

l·.>~ 

~· 

2 C PART OF SOLDAT ROUTINE 
3 DIMENSION ZKTC6)/.3,.4,.5,.6 •. 7 •. 75/ 
4 DINENSION ZKD<6}/. l79 •. 183,. t88 •. 174, .149,. t25/ 
5 lf<ZT-0.3} I. 1,2 
6 t ZD=.179 \ 
7 CO TD Ut 

. ·, 

'· 
B 2 IFCZT-0.75) 3,3,4 
9 .. ZD=. 125 

rn C-0 TO 10 
11 3 DO 20 .J=2,6 
12 Tl=ZT-ZK'f<J-1) 
13 T2=ZT-ZJIT( .n 
H TEST=Tl'*T2 
15 IFCTESTJ 5,6,29 
16 Ii YI =ZKJ)( .J- H 
17 Y2='ZIQ)(J) 
18 ZD=Yl+( Y2-YU•CZT-zrn .J-U )/(ZJIT( .U-ZICT(.f-l t) 
11) GO TO 20 
28 6 IF(TI) 8,9,8 
21 ° • ZD=ZICD<J-lt 
22 GO TO 28 
23 0 ZD=Zl<DC J) 
24 28 CONTINUE 
25 18 RETIIR;i 

.. , 

n ' 26 EN'D 
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QSOSOS*COKSP6<t>.Ff I) 
1 
2 
3 
4 
5 
6 
7 
!! 
9 

18 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
29 
21 
22 
23 
24 I 25 n 26 
27 

=a: 28 
29 
39 
31 

c 
c 

z 

3 .. 
s 

..__ ___ __ 

FUNCTIOK l'CDB, R, lftDB'llH 
SLAB-Oft-CRADE PERIMETER HEAT LOSS 1972 ASBRAE HA1'DBOOK 
IMD.IITD =8 UNHEATED, =I HEATED 
REAL TABLE<2,3,9),LlftE(3) 
DATA <TABLE( 1, I, N>, ft= 1, 9) /34., 32., 39., 28. , 27. ,25. ,24., 22. , 21./ 
DATA <TABLE( 1,2, JO, ft= I, 9) /51; ,48. ,4!L, 43., 4Q., 38. , 36., 33., 3 I./ 
DATA <TABLE< 1,3,N) ,tf=t,9)/67. ,64. ,69.,57.,54. ,51. ,48. ,44.,42./ 
DATA (TABLEC2,t,H>,ft=l,9)/46.,44.,4l. ,39.,37.,35. ,32.,38.,25./ 
DATA CTABLEC2,2,N>,N=l,9)/69. ,66.,61. ,59.,55.,52. ,48.,45.,38./ 
DATA CTABLEC2,3,N>,ft=l,9)/92.,88.,82 . ,78 . ,74. ,78.,b4. ,60.,50./ 
REAL RVALUEC3)/5.0,3.75,2.50/ 
DBT=DB-1 
1'= < DBT+48. ) /5. 
IF<Il.LT.B lf=I 
JFU.C'f.9) Jf=9 
I = I lfDB11>+ I 
DO I L= 1,3 
Lll!l'E<LJ=TABLE<l,L,W) 
IFCl.EQ.2> RVALUEC2>=3.33 
DO 2 L=l,3 
IF<R.C'f.RVALUl:<LH CO TO :!I 
CONTlftUE 
F=Lll!l'EC3> 
RETUIUf 
IF<L-2) 4,5,S 
F::LJl!l'E( l > 
RETUIUf 
F=Lll!l'ECL)-fR-RVALUECL))/(RVALUE<L-l)-RVALUEfL>>•<Ll1'E<L>-Lil!l'E<L-

*I)) 
JtETUM 
EMD 
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Q.8Q8QS*COrtSI'" 
t 
2 
a .. 
Ii .. 
7 
8 
I} 

rn 
l1 
12 
13 
14 
15 
16 
17 
18 
I If 
20 
2l 
22 
2a 
24 
25 

-. 2fi 
n: 21 

28 
29 
30 

N 
Q 

31 
32 

"-.. ,, 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

o'l . SAT( I H i 

Sb"'BROUTlllJE SAT(~IDT,KIDD,SHDW,AB,FO,W'fl..T,TOD.TON,SATD,SATl'f> 
I 

11US IS SOL-AIR~ TEPll'ERATURE ROUTlftE 

"'~,,,. INl'Uf *** 
; """I.. T 
x •. :·r 
XII.tu 
SllD'W 
AB 
FO 
TOD 
TOK 

TILT ARGLE 
DAILY TOTAL RADIATl-ON 
DAILY DIFFUSE RADIATION 
SHADOW FACTOR 
SURF~CE ABSORPTIVITY 
SURFACE HEAT TRANSFER COEFFICIEllT 
DAYTIME TE1'1PERATURE 
NIGlflTIPIE TEl'll'E..l\J\TURE 

*** OUTPUT *** 
SATB ~ DAYTIME SOL-AIR TEJIPERATURE 
SATll : lflClfITll'IE SOL-AIR TEftPER<\TIJRE 

COl'!HOIVlllVllRDATI 12) ,llRNfT( 12} 
Dll'IENSION XIDTtl2),XIDD<t2>.~0< 12),T0D(l2l,T0N(l2),SATD<l2), 

t SATIH 12, 

xw11:r=Y11..T/t89.B*3.t4159 
00 IQ J= I, 12 
ll= CXIDT( • .H-XIDIK.J) )*< l .8-SHDWHXIDIM J) 
SA11><J1=TOD(J)+AB*R/HRDAY(J}/F0(J)-18.0/F{)(J)*Ct>SCKYil..T) 
SATN(J)=TOll(J)-l8.8/FO<J>*COS<XW11..T) 

lt CO!fTll.UE 
RETURff 
END 
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Q9-Q809*CONSP6<1).ATl'IC< I) 
I SUBROUTHfE ATl'iC( AR, TRD, TR1", AC, TAD, TA!t ,AW, TWD, TWN, CFl'f, UR, UC, UW. TOD 
2 •,TOlf,ATD,ATN) 
3 C TillS IS ATIIC TEMPERATURE CALCULATION ROUTINE 
4 c 
5 c 
6 c 
7 c 
8 c 
9 c 

10 c 
II C 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 c 
19 c 
20 c 
21 c 
22 c 
23 c 
24 c 
25 c 

n' 26 c 
27 

N 2a 
.... . 29 

30 
31 
32 
33 
34 
35 
36 

... ~,-=-! 

"'** IftPUT *""* 

AR 
TRD 
TR1' 
AC 
TAD 
TAN 
AW 
T1"D 
11nl 
i:l'H 
UR 
UC 
uw 
TOD 
TON 

ROOF AREA 
DAYrIME SOL-AIR TEHPERATURE 
NIGHTTIME SOL-hlR TEMPERATURE 
CEILING AREA 
DAYrlME ROOM TEMPERATURE 
If I GHTT I ME ROl)l'I TEHPERA TURE 
END 1"ALL AREA · 
DAYrlME END WALL SOL-AIR TEPIPERA'IURE 
lUGDTTIME END WALL SOL-AIR TEHPERATURE 
AIR FLOW 
U-V ALUE FOR ROOF 
U-VALUE FOR CEILING 
U-VALUE FOR WALi.£ 
DAYrIME OUTDOOR 'n:MPERATURE 
Ii I GHTT UfE OUTDOOR TEMPER4.TURE 

*** OU'!'PUT *** 
ATD : DAYrIME ATIIC TEHPERATURE 
ATN : NIGDTTIPIE ATIIC TEMPERATURE 

DIMENSION TRD<l2>.TRif<I2),TODC12),T0N(l2),ATDC12), 
* ATN<l2),TWDC12>,TWNCl2>.TAD!12>,TAN<I2> 

DO 18 l= I, 12 
ATDC U = < UR*AR*1'RDC I> +UW.:t:Ali*TWD( I >+UC*AC*'l"\D( I)+ I. 88*CF~'."'OD( I>)/ 

/(UR*AR+UW*AW+UC*AC+t.68*CFM> 
ATNCI>=<UR*AR*TIUf(l)+Uli*AW*TWN(1)+UC*AC*TAN<I)+l.98*CFn-TON<I>>.I 

/( illt*An+llW*AW+UC*AC+ 1. 08:t:CFH> 
18 CONTil'fUE 

RE TURK 
Erm 
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Ql5ClSQ$*CONSP6( l).CRAWL( !) 

n 
N 
N 

I SUBROUTINE CRAWL< TOD, TOl'f, TC, TAD, TAJf, TWl'ID, Th1'1N, CFl'I, UF, m;, UC, AF, AW, 
2 :t.Cr·AW! D,t:J'.AWUD 
3 C TH IS IS CRAWL SPACE TEMPERATURE CALCULATION ROIJTINE 
4 c 
5 c 
6 c 
7 c 
3 c 
9 c 

10 c 
• l 
12 
13 
14 
15 
16 
17 
~a 
i •) 
20 
21 
~--~--
~3 
::.~~ 
2 ·: 
2~ 
2· 
2.d 
:.:9 
311 
31 
32 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

*** INPUT *** 
TWMD : DAYflHE WALL SOL-AIR TEMPERATURE 
TOD : DAYTIME OUTDOOR TEHPERATUIU: 
TON : NIGllTTHrt: OUTDOOR THlPERATURE 
TG : GROUND TEMPERATURE 
TAD : DA\'TIME ROOM TEMPERATURE 
TAN : NIGIITTIME ROOM TEMPEilATUnE 
CFl'l : AIR FLOW RATE 
UF : FLOOR ltEAT TRANSFER c:;-1 fflCIENT 
UY : WAU HEAT TRANSFER COEr' fICIENT 
UG : GROUND SURFACE HEAT TRA.~SFER COEFFICIENT 1.0 
A..'7' : FLOOR AREA 
A'W : WALL AREA 
TIII1Jf : NIGIITTIME WALL SOL-AIR TEMPERATURE 

*** OUTPUT *** 
CRAWLD : DAYf IME CRAWL SPACE TEMPERATURE 
CRAWI.Pf : NICIITTIME CRAWL SPAC£ TEUPERATURF. 

Dll1F.NSIO!f TOD< 12>, TON< l!:!>, TG< 12), TADC 12) .TAN< 12>, TWMD< 12), TWMl'f( 12) 
* ,CRAlilLDC 12>,CRAWLN\ 12) 

DO M I=!, 12 
CRl'.""1.D( l>=<UF*TAD(l>*AF+UW*TWHD<I>*AW+UG*<TG<;)+TAD(l))/2.0*AF+ 

~~.08*C~1'f*T(jD( ll)/(UF*AF+UW*AW+UG*AF+l.0S*CFM> 
Ci\AWLN< D=<fil'*TAN< Jl°"AF+UW:t:TWHNC J)*AW+m;.~('fG( J)+TAN( J))/2.0*AF+ 

*I . *>8*CFl'l*TON< I> I/( UF*AF+UW*AW+UG~:AF+ l . 08-·•:FMI 
J8 t:OHTINUE 

RETURN 
END 

. ..-
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Q9QI09*CONSP6(1).Cf(l4> 

I 
n '. 

I 

N w. 

I .. 

J SUBROUTINE CF <AF.P.DX,DY,ZKS,E,TOD.TON,USLAB,TAD,TAI'f,CFD,CFN> 
2 c 
3 c 
4 c 
5 c 
6 c 
7 c 
8 c 
9 c 

19 c 
11 c 
12 c 
13 c 
a 
15 
16 
17 
J8 
19 
20 
21 
22 
23 
21 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
"!14 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

THIS IS GROUND FLOOR HEAT TRANSFER ROUTINE 

··11:* IKPtrr *** 

*** 

TOD 
TOii 
TG 
M 
p 
US LAB 

DAYl'Jl"IE OIJTDOOR TEl'fPERA·nJRE 
N u;J11Tll'IE OUTDOOR TEMPERATURE 

. CRO!JND TEMPEM'l1JRE 
FLOOR AREA 
EXPOSED PERI l"IETER LT-:NCTH 
SLAB THERl'IAL CONDUCTAJICE 
INCLUDING THE SURFACE HEAT TllAl'ISFEJt COEFFIC 1·.:rrr 

TAD : DA YT I l"IE ROOM TEl'fP ERA TURE 
TA1' : N IGH'ITIME ROOM TE:1PERAT'JKE 
XL : LENGTH Or' SLAB. FT 
YL : WIDTH OF SLAB. FT 
DX : SLAB SPACING ALONG XL, FT 
DY : SLAB SPACING ALONG YL, FT 
LKS : GROUND THERMAL CONDUCTIVITY, BTU/FT/HR/F 
ur : SLAB THERMAL cormuCTANCE 
E : WALL THICKKESS, FT 
OUTPtrr *** 

GFD : DAYTIME CROUlfD FLOOR IIEAT TRAJ{SFER 
GFN : NICH'ITIME GROUND FLOOR HEAT TRANSFER 

COl'&MOlVHR/BRDAY< 12), HRJllT( 12> 
Dll1ERSIOll TOD< 12),TON( 12>,TADC 12> TAii< 12) ,CFDC 12>,CFNC12> 
R= I ./USLAB 
XL=C0.5*P+SQRT<0.25*P*P-4.*AF>l/2. 
YL=AF/XL 
:KD= All"TCDX/XL) 
YD=AINT<DY/YL) 
CALL SLABR<XL.YL,XD,YU,E,ZKS,R,Uf) 
U= 1./( l ./UF+R> 
DO Ht 1=1, 12 

TAM=<TA.~( ll*TIRDAY<ll+TAi'.!l)*IlRNITCl>)/24. 
GFN l>= EU~~t.F ,~C TAJ'l-TAD< I> >>*BlU>AYC I) 
GFr:< I)=< U*AF*< TMl-TANC f) » *HI'w'i IT< n 

18 CO!'fTINUE 
RETURN 
r.no 

\- .' ~. 
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l SUBROUTINE SLABRC XL, YL, XD, YD, E. Zl<S, RRR. U't{) 
:! C TillS ROUTINE WAS DEVELOPED BY DR. R . W.R. 11U1'CEY TO 
3 C FROM SLAB ON GRADE 
4 CALCULATES Pll / Pl2 AT STEADY STA1E 
5 C INPUT DATA 
6 C XL 
7 C YL 
a C XD,"'D 

LENGTH OF SI..AB IN X DIRECT 10" 
LENGTH OF SLAB IN Y DIRECTION 
SLAB SPACING IN X AND Y DIRECTIONS 

CALCULATE HEAT LOSS 

9 C E 
10 c 

EDGE DISTANCE COIUlESPONDING TO UNIT TEMPERATURE CHANCE 
AT 11IE TANGENT SLOPE AT 'TEHPERATIJRE' or 0.5 

11 c 
12 c 
1 :J 
M 
1:; 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 

ZKS <;ROUND TIIERI1AL cormUCTIVITY 
R SURFACE TIIERI'lAL RESISTANCE 
REAL LAJ'IBDA 
CONMON /SLAB/ PISO,ALPHSQ,BETASQ,LAMBDA,R,COM,FSQ,GSQ 
Dll'lENSION COMC8),SXC2580),SYC2500) 
DATA Pl/3.14159265/ 
ALPHA=XL*0.5 
BETA=YL*0.5 
F=XD 
G=YD 
LAI'IIlDA=ZKS 
R=RRR 
PISQ=Pl*PI 
'WRITE< 6. Ht) 
WRITE<6.78> 

26 
27 
23 
29 
30 

19 FORl'IAT (//20X,'CALCULATJ0ft OF U VALUE FOR GROUND WITH FILM R 

31 
32 
33 
34 
35 
36 
37 
38 
39 

' :40 
41 
42 
43 .... 
45 
4o 
47 
48 
49 
:rn 
51 
52 
53 
5~ 
55 
:it> 
~7 

RES I STANCE ABOVE' ) 
70 FORJ1ATC/69X, 'CALC. FROM TEMPERATURE INPUT' ,2X, '(' ,4-X 

t'CALC. FROM HEAT FLOW INPUT' / 
23X,'WIDTH LENGTH AREA PERIM F G E~GE DIST. 
3 ' . 2<6X, 'U R=l/U-FILM R L=LAfiBDA' ,2H*R> /) 

C CONSTANTS 
ML= F*ft.LPHA/E 8 1'L=G*BETA/E 
NL=G:t:BETA/E 

C99 lilRITE<6, 140) ALPHA.BETA,F.G,HL,NL,E,LAHilDA,R 
IFCHL.NE.NL.Ofi.IFIX<F>.NE.IFIXCG>> GO TO 74 

72 DO 73 J= t,rn. 
XS=Pl*FLOATCJ)/f 

C99'J \lil ITE< 6. 140) XS 
S=SINCXS)/J 
SY(J)::S*S 
SK( J) =SVC J) 

73 CONTINUE 
GO TO 78 

8 SXCJ>=SYCJ>=S~S 

74 DO 75 J= 1, I'll.. 
}{S=PI*FLOAT<J)/F 
S=SINC~~)/J @ SKCJ>=S*S 
sm J> =S:t:s 

75 COl'fTiNUE 
DO 76 J= 1, ftL 
XS=Pl*FLOATCJ)/C 
S=SINCXS)/J 8 SY(J)=S*S 
SY< J) =S:~S 

'?'(i CONTINUE 
78 CONT I NU!'. 

FSQ=F:tF O GSQ=C.'l:G 
CS-1=G:::C 

. I . 
' \ 

LAMBDA FILM R 

i \ , _ <._, f 
. - . :-.. I ' 
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:l8 
:i9 
60 
61 
62 
63 
64 
6~ 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7~ 
76 
77 
78 
79 
80 
81 
82 

I 83 

~1= NI 86 c.n 87 
68 
89 
98 
91 
92 
93 
94 
95 
96 
97 
98 
99 

'• .\.·I 108 

I . 

191 
192 
163 

~-I 
104 
105 

.. , , ' ' 

106 

'\:. 
107 
108 

' 

' 

' ·. \ . . 
............. . :. ·. ~~ -·. ·.: ·.':'- .\ ... ·i·'. ~ \ ... " 
~ ~.\" . ' •, \. . . .\ · .. '•. 

c 

c 

c 

CM1=2*F/CC*LAl'IBDA*PISQ) 8 Cl'T2=2*F*LAMBDA/(G*PISQ) 
Cl'T2=2~F*LAMBDA/CC*PISQ> 
CN1=2*G/CF•LAl'IBDA*PISQ) 8 CN2=2*C*LAl'IBDA/CF*PISQ) 
CN2=2*G*LAMBDA/CF*PJSQ> 
CMN1=4*F*G/(l.A11BDA*PISQ#PISQ> e CMN2=4*f*C:«LAMBDA/CPIS~PISQ> 
CMN2=4*F*C*LAMDDA/CPISQ*PISQ) 
M.PHSQ=ALPBA*ALPHA 8 BETASQ=BETA*BETA 
BETAEQ=BETA*BETA 
SI1T=0. 
SMW=0. 
SNT=8. 
SNW=0. 
SMKT=&. 
SM1'W=9. 
DO 11" l'f=l,l'IL 
CAU. GAJ!MARC l'f, 8 , !.F , CB> 
mrr= S!'rI'T EF*SX< M> fl S11W= Sl'IY+CB•SX( l'I> 
Sl'lW= Sl'lW+CH*SX< l'I> 

119 C:ONTl!fUE 
11\1 t30 ft= l, 1'L 
CALL CAMHARC8,l'f ,EF,CB> 
SNT=SNT+FY*SY<l'f> 
SNW=SNW+GB*SY<l'f> 
00 120 l'I= l, l'IL 
CALL GAKKAR<K,l'f,EF,GB> 
i;M?IT=SHNT+EF~sxc K> •SY< 1'() • SM1'W=Sl'l!IW+GB*8XC I'll *SY< ft) 
SM1'1'=SMNW+GH~SX<l'f>*SY(l'f) 

128 CONTINUE 
130 CONTIKUE 
Pll/Pl2 = - BEAT FLOW 

Ult'=<<F*G-l)/IF*G>>*<Sl'IW*Cl'!2+Sl'fW'«CN2+Sl'll'fW*CMR2> 
RF.SW= l/UW -R 9 DW=RESW*I.AMBDA 
DW=RESW*LAlfBDA 

AV. TEMPERATURE OVEit. SLAB 
TM=<<F*G-1)/(F*G>>*<SKl'*Cl'fl+Slfl'*CNl+SMNT*CMNl> 

Pll/1'12" -1/Til 
UT=CCCF*G-ll/CF*G>>**2)/TH 
REST= J/UT - R e DT= REST'* LAMBDA 
DT=RES'f:*:LAMBDA 
ALPHA2=2*ALPHA 
BETJ\2=2*BETA 
ALPHAB=4*ALPHA*BETA 
AB~TA=4*ALPHA+4*BETA 
lf=IFJXCF> 
JG= IF IX< G> 
WRITEC6 , 140l ALPHA2,BETA2,ALPHAB. ABETA, IF, IC 

l, E.LAMBDA,R,UW,RESW,DW,UT,REST,DT 
148 FOR.11ATCF6. l,3f7. l,2J4,F8 . 2,F12.3,F9.2,2C2F9.3,Fl4.3,2JO) 
145 CONTINUE 

RETURN 
END 
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WJQ.8QS*CO"SP6( 1,.CAI1l'IAR(4) 
I SUBROUTl"E CAPIPIAR<M,",EF,GH> 
2 REi\L LAl'ffiDA 
3 C TRIS IS A StrBROtrrJNE USED fN SLADR 
·1 C CALCULATES EF = ! l+f:AlftfA:i:LAHBOA:r:R) /GAl1l'fA 
5 · C CALCULATES GU .: CA1'1.11A/C I +GAMI1A:i:LA1'1'.BDA:r:ft) 
6 C FOR STEADY STATE t.'ITH FILM RESISTANCE R 
7 COM1'fON -'SLAll/ P fSQ, ALPUSQ, BETASQ, LAiiBM, R , COl'f, FSQ, CSQ 
8 REM. COM< Bl 
9 IF<M.NE.9> GO TO 28 

19 18 AI1=0. 
11 GO TO 59 
12 29 AI'f=P ISQ*.Pf:l:KI'( FSQ:i:,\LPHSQJ 
13 38 IFCN.NE.8> GO TO 59 
14 49 AN=O. 
15 GO TO 68 
16 59 AN=P JSQ*•*l'f/( G~Cl*BETASQ) 
17 68 A=Al'l+Al'f 
18 SGAI'f=SQRT<A> 
19 EF=( I .+R*LAllBDA*SGAK>/SCAJf 
29 GB= 1 • /.EJ' 
21 RETURl'f 
22 EJl'D 

DD PllT 

8PRT,S COl'fSP6.BSHr,.QECBG,.QG0 .lftFIL0 .Ql 0 .DBRB,.PVSF
0

.QR,.BLHC,.TBTCX,.BCRT,.SEU 
n: 
N en 

· . .,,,,- ·. 
> ,; •• 

.:~ ... .) " -- -;--.- I 
\ -~~- -

.I \~l \ 
\ 
'\ 

• 

\ , 
" 



~ 

. 
090.0.*CONSP6< l>.BSl'ffC5) 

1 SUDHOUT I NE BSIU CUFW,BWA,BFA,UFLRl,UFF,QBHC,TJD,TJN,TG,TOD,TON, 
UBW,UBF,BS11TD,BShTN,BQFD,BQFN> 2 l 

3 c 
4 c 
5 c 
6 c 
7 c 
8 c 
9 c 

10 c 
11 c 
12 c 
13 c 
14 c 
13 c 
16 c 
17 c 
18 c 
19 c 
20 c 
21 c 
22 c 
23 c 
24 c 

' 25 c 
n l 26 c 

27 

N 28 
..... 29 

3a c 
,.31 
lJ2 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4-1 
45 
46 
47 
48 

\ .. . . \~~.-·.;' 

THIS IS BASEI1ElfT TEMPERATURE CALCULATION 

*** J1'PUT *** 
BWA 
Bl''A 
UFLRl 
UFF 
UFW 
QBIIG 

TID 
TIN 

: BASEtlElfT WALL AREA , f1'**2 
BASEMENT FLOOR A.REA , F1'**2 

: FLOOR HEAT TRANSFER COEFFICIENT , BT/f1'**2.F 
: FLOOR-GROUND HEAT TRARSFER COEFFICl:E:NT, =9.1 
= WALL-CROtrnD BEAT TRAJfSFER COEFFICIENT, =9. 164 
:: BASEHFJ(T HEAT CAIN FROM FURNACE, BOILER, OR OTHER 

EQUIPl1ENT, BTU/BR 
DAYTIME TEMPERATURE OF THE ROOK ABOVE THE BASEPIEJIT ,F 

= NJCBTI'l11E TEl'IPERATURE OF THE ROOM AOOVE THE BASEtlE!IT 

*** OUTPUT *** 

BS!fl'D 
~lfl'N 
BQFD 
OOFK 

:: DAYTil1E BASEJ!ENT TEHPERATURE 
:: N IGB'TTll'!E BASEHEJ(T TEliPERATURE 

COMHO~/JlR/BRDAY<12>,BRJ'flTC:2> 
Dll'IF..NSION 1lDC12). TIN< 12>, BSMTD< 12), BSMTIH 12> 
DIMENSION TCil2>. TODC 12), TON<12), BQFDC 12>, BQFNC12) 

UW=UFW 
IFCUBW.EQ.9.9) CO TO 29 
Uli'= 1 • 9/( 1 • 9/UFW+ \. 9/0BW> 

20 UF=UFF 
IF<UBF.EQ.9.9> GO TO 30 
UF=l.0/( 1.0/UFF+l.9/UDF> 

30 CONTINUE 
DO 10 I = I, 12 
TO~ CTODC l>*BRnAY<I>+TONC l)*HRlflTCI>)/24. 
BSUrD< J> = CfJW"'I'O""BWA+ UF*TGC )} *BF A+ UFLRI :!:T JD( I) *BF A+QBHG> 

I /( UW;,.BWA+UF*BFl\+UFLRl*Br'A> 
BSHTMC l>=C ~W*TO*BWA+UF*TGC I>*DFA+UFLRl*TIN<I>*BFA+QBHG> 

I /( UW1:BWA+11F*BFA+UFLRl*BFA> 
Bfil'DC () = <-UW:i:< TIDC I >-TO> *BWA-m'*C TIDC 0-TGC I>) *BFA> *RRDAYC I> 
6~t;' fl( I>=C-Ull'*<TlHC J)-TO)*BWA-CJF*<TIN< 0-TG< l>)*BFA>*HRNITC I> 

I 0 COfff I KUt:: 
,RETUIUJ 
,Erm 

:1 . ~ : 
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Q8QaQJ5*COI'fSP6<1).QECHGC3> 
1 SUBROUTIR QECBG <SA11), SATn, U, A, TID, TIN, GD,Cftl 
2 c 
3 c 
.. c 
5 c 
6 c 
7 c 
8 c 
9 c 

HJ c 
11 c 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 c 
1 '} 
21t 
21 
22 
23 
24 
25 

c 

n . 26 
I 27 

w/ 
CD1 

.'I' 

THIS IS OPAQUE ElfVELOPE COJ'fDUCTIOl'f IIEAT GAIN CALCl;LATIONS 

*** INPUT *** 
SATD 
SATJf 
u 
A 
TID 
TIN 

DAYTIME SOL-Ain COR ATIIC OR CRAWL SPACE> TEMPERATURE 
NIG!l1TIME SOL-AIRCOR ATIIC OR CRAWL SPACElTEMPERATURE 
OVERALL HEAT TRARSFER COEFFICIENT 
AREA• 
DAYTIME INDOOR TEMPERATURE 
RIGBTI'IME ll'fDOOR TEMPERATURE 

*** OU'ITOT *** 
GD 
Gl'f 

t i>AYTIME BEAT GAI'ft 
: llGBTI'l!tE BEAT GAIR 

C011KOI'f/BIVBRDA'Y(l2),llRKJTC12> 
DIMENSION SATD<12), SAT~<12l, TID<l2), TINCl2), GDCl2>, GftC12> 

DO 19 l=l,12 
GDCI:=U•A•CSATD<l>-TIDCJ)) 
CK<I>=U•A•CSATWCJ>-Tll'f(J)) 

* BRDAYC I) 
~ BIUUT< J> 

18 CORTIRUE 
REThnif 
E1'D 

.. 
\ ,• \i· ....... ' .1 

,( 
' \ '· ' ,, . 
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090.0S*C01'SP6<1}.QG(9) 
I SUBP..OUTINE QC €AC, SC, UC, TOD, T01', TID, Tim, SHDW, XIDT, XIDD, 
2 I QCD, QG1', SCI» 
3 C TH IS IS Vll'fDOV HEAT CA.IN ROUTINE 
.. c 
5 c 
' c 
7 c 
8 c 
9 c 

19 c 
ll c 
12 c 
l3 c 
14 c 
•.5 c 
l6 c 
17 c 
18 c 
J9 c 
20 c 
21 c 
22 c 
23 c 
2i c 
2:S c 

*** ll'fPUT *** 

AC 
SC 
UC 
TOD 
TON 
TID 
TIN 
SHDV 

XJDT 
XIDD 

CLASS AREA 
SHADING CO~FFICIENT 
HEAT TRAl'iSFEil CvE..~FICJEnT 
DAYrIPIE OUTDOOR TEl'fPEJtA·ruRE 
JUCH'ITIME OUTDOOR TEKPERATURE 
I>AYrll'fE I !f))O()R TEMPERA11JI\E 
rnGHITIME INDOOR TE11PERA11JRE 
E>..1.£..'ll'AL SHADOW FACTOR 
e.e :: KO SHADOW 
8 . 5 = PARTIAL SHAOOW 
I . 0 = COPIPLETE SHADOW 

DAILY TOTAL RADIATION 
DAILY DIFFUSE RADIATI01' 

*** OUTPUI' *** 
QCD 
QCN 

: DAYrlKE WINDOW HEAT GAl1' 
: IUGHITll'fE WI1'00W HEAT GAIR 

COHMOfVIDVBRDAY< 12> , HR.ft ITC 12> n 26 
21 0Jf'1El'{SI01' TOD< 12), TOM<l2), TIDC12>, TIR(l2), XJDT<12>, XIDD<12>, 

N 28 co 2<} 
30 
31 
32 
33 
34 
35 
3G 
37 

·~·: 

I QCDC12), QCN<l2>, SCDCl2> 
RE.AL I 
DO 10 J :: 1. 12 
I = ( XIDTC J) - XIDD< J)) * C 1.8 - SHDW> + KIDD< J) 
SCD<J>=AG*l*SC 
QGD<J> :: AG* (I *SC* 8.8? +UC* (TODCJ) - TIDCJJ) * BRDAYCJ>> 
QGN<J> :: AC * <UG * <TOK<J> - TINCJ)) * BRNIT<J>> 

I e CONT I 1'U.i 
RETL'l\."f 
END 

. \ 
\ ' 
.. \. -·- ~ .,. 

. . " ' .. 
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l 

090909*COnSr6(1).lftFIL(l8) 
I SUBROUTI1'E IIWIL <V, ACHS, TOD, TOl'f, TID, Tift, ~. 
2 I RINFIL, K, L, IACNV> 
3 C 1111S IS 11'FILTRATI01' CALCULATION ROUTil'fE 
4 c 
5 c 
6 c 
7 ~ 
8 c 
9 c 

10 c 
II C 
12 c 
13 c 
14 c 
Ill C 
16 c 
17 c 
18 c 
19 
28 
21 
22 
23 
24 
25 
26 n ; 27 

- I 28 
c.,, : 29 
O · 

c 

*** INPUT **'* 
y 
ACHS 
TOD 
TOY. 
TID 
TUI 
'WS 

= VOLUME OF THE ROOPI 
= STANDARD AIR CHANGE DATA 
= DAYl'IPIE OUTDOOR TEMPERATURE 
= JflCHTIIPIE OUTDOOR TEMPERATUBE 
= DAYl'IPIE INDOOR TEMPERATURE 
= IUGB'ITIPIE INDOOR TEMPERATIJRE 
= WIND SPEED 

*** Otri'POT *** 
Rll'ft' IL = JJW IL11lATI01' RATE 

Dll"tEl'fSION TOD< 12>. TON<l2>. TID< 12), TJ1'<12>, RIJWIL<12> 
Dlf1El'fSIOR 'WS(12) 

DO 18 I = I, 12 
TO = ( TOD< I> + TOR< D) / 2.8 
Tl = ( TID< I> + TIR< I>> / 2.9 
AC= ACHS / 8.695 * (9.15 + 8.813 llliS(l)+8.885 * .ABS<TO - Tl>) 
RIBFIL< I) = V * AC / 68.9 

18 COIITil'fUE 
RETURN 
END 

\ 
' \ \ \ . , 

\ ' I 
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QSUSQS*CONSP6<1l.Ql(18) 
I SUBROUT J K£ QI < INFILT,TOD, TON, 

QILN, RIJl'f, RHA> 
TID, Tift, RB, QID, QIN, QILD, 

2 I 
3 c 
4 c 
5 c 
6 c 
7 c 
8 c 
9 c 

19 c 
11 c 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 c 
19 c 
28 c 
21 c 
22 c 
23 c 
24 
25 
26 n , 21 

w 28 
... 29 

38 
31 
32 
33 
34 
35 
36 
37 
38 
J9 
40 
41 
42 
~3 

c 

TP.IS IF: !ifFILTRATION HEAT G4.11' CALCULATION ROUTINE 

**~ l.lfPUT *** 

IIfflL 
TOD 
TON 
TJD 
Tilt 
Rll 
RHl'l 

RHA 

IRFILTRATION RAU.: CFl'I 
= DAYI'U'IE OlTI'DOOR TEl'IPERATURE 

nlGBTTUIE OUTDOOR T£MPERATURE 
: DAYI'IME llfDOOR TEMf'ERATURE 

NIGIITTll''IE INDOOR TEMPERATURE 
" ROOM RELATIVE llUl'l ID I TY 

KORNllfG OlTI'DOOR RELATIVE HU11IDITY 
= AFTEMOOlf OUTDOOll. RELATIVE HUMIDITY 

*** OU'ITUT *** 

QID 
QIN 
QILD 
QIU 

= DAYI'IME o£1fSIBLE BEAT GAIN 
= JHGBTTJME SENSiBLE HEAT GAIN 
= DAYTIME LAT'EifT HEAT GAIN 
= 1'IGBTI"Jl'IE LATElfT HEAT GAll'f 

COl'l1El'f/BB/BRDAY<l2>,HRKITC 12) 
DIHEI'ISIOlf TODC12), TONC12>, TIDC12), Tllf<l2), RBC2, 12>, 

I QJDC12>, Qll'fC12), QILDCl2), QILI'Hl2>, WID<l2>, Wll'fC12>, 
2 WODC 12) , WU!'f< 12> , RBl'I< 12) , IUIA.C 12> 

REAL ll'fFILT< 12> 
DO IO I = I, 12 
QID<I> = 1.86 * INFILT<I>* <TODCI) - TID< I)) ~ HRDAYCI> 
QlftCI> = 1.8~ * Il'fFILT< I>* <TON<l> - TIN< I>> * BRNITCI> 

ti CONTllJl'E 

DO 28 I = l, 12 
CALL DBM ( TID< I>, I\HC I, I>, WID< H) 
CALL DBRB <TIN< I>, 1\11<2, I>, WIN< I). 
CALL DllRB CTOD<l>,IUIA.<l>,WODCI)) 
CALL DliRB <iYJNC I) ,RiiKCl>,WON<I>> 
QILDCI> = 4.5 * INFILTCI>* CWOD< l) - WID•I>> * 1061.0 * BRDAY<I> 
QILNC I> = 4.5 * INF!LT< I>* CHON< I> - WIN< I)) :/: l061.0 * HRl'fITC I> 

20 CONTINUE 
RETIIRif 
filJD 

\ -....... 

) 
' 

-. 

I. \ , I 
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l 
l 
" 

QSQSQS:1:co:nSP6 i n. Dl:JRBC 2) 

nl 
r... ! 
~ -

'""" . 

I SUBROtrrl llE DBRB 4 DB, RB, 1B 
2 c 
3 c 
.. c 
s c 
6 
7 
0 
C) 

JO 
II 

c 

• • I 

*****************:t:U:i:*****~*****************"'******************** 
PSYCHROHl:;TRJC ROUTINI: TO i}ETEJUfITfE HUHJDJTY RATIO, GIVEN DB A11D RH PVS::PVSF(D8) 
PV=RB*PVH/ me. 
W:: 0. 622*PV/C 29. 92-PV) 
RETURN 

DD 

1' .... - ; ........... . . 
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r 
r 
i 

-7 ·~ 

.. . 

Q8Q8Q8*CORSP6<1>.PVSF<2> 
1 FUNCTJO!f PVSF 00 

I 

n i 
I 

W' w; 

2 C SATURATION VAPOR PRF.SSURe, IRCBES OF PfERCURY 
3 c **"'*********""-*********** .,**********""****************************** .. c 
5 
6 
7 
8 
9 

18 
11 
12 
13 
14 
115 
16 
17 
18 
19 
29 
21 
22 
23 
24 
2:1 
26 
27 
28 
~9 
38 

c 
•• 

2e 

H 

c 

DINENSIOK A<6> /-7.98298,5.82888,-I.3816E-7.ll.344, 
2 8.132SE-3.-3.49149/ ,BC·•> /-9.897J8,-a.S6f~4.8.876793,8.0868273/ 3,PC4> 
T=€K+4~9.688,/J.8 
IF <T.LT.273.16) CO TO lft 
Z=373 . 16/T 
PC D =..tc 1h·cz-1> 
P<2>=AC2>*LOGl8CZ) 
Zl=A<4>*< 1- 1/Z) 
P<3>=AC3>*<1e**Zl-l) 
ZI =A< 61 *"·!:- H 
P<4l=A<5>=<18**Zl-1> 
CO TO 28 

Z=273.16/T 
PC l>=BC U•<Z-U 
PC2,=BC2>•LOGl@CZ> 
PC3>=8<3>*<1- l/Z) 
PC4>=LOG18<B<t>l 
SUl'f=e 
DO 38 1=1,4 
51UJ'f::SUM+PC ll 
PVSF=29.92!*18•*8lJll 
IiElUR!f 

DD 

' . 
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Q.9QSQS*CONSP6(1).QR(7> 

nl 
I 

~ i 

I SUBP.Olrl'IH QlHKPD,JO'lf,WTD,Vl'lf,WED,tlF.lt,~D.QRS!f,QRLD,QRLN,HD,lll'f> 
2 
3 .. 
5 
6 
7 
8 
9 

ta 
l l 
12 
13 
14 
Ill 
16 
17 
18 
19 
~Q 

21 
22 
23 
24 
:.:=:; 
26 
27 
28 
29 
38 
31 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

nus IS UfTEllifAL HEAT GAll'f llOtrrllfE 

*** Jlf.i'lJT *** 

JroHBER OF DAYTIME OCCUPANTS '"'"' llPlf 
vro 
WfN 
WED 
WEN 
HD 
Hl'f 

NUMBER OF .rnGa1TIHE OCCCPANTS 
AVERAGE DAYTIHE LIGHTING POWER lt' 
AVERAGE NIGIITTIME LICHTINC POWER W 
A liERAGE DA YT 1 l'IE EQUIPMENT POWER. W 
AVERAGE NICHTTll1E EQUIPMENT ?Oli'ER W 
DAYTIME HOURS 
NIGHTTIME HOURS 

*** OUTPUT *** 
QR.SD 

__ QRSN 
QRLD 

QRLlf 

RlfPD=lfPD 

DAYTIME SE.Nsrnu~ BEAT CAIN 
NIGBTI'l!'IE SENSIBLE HEAT GAIN 
DAYI'JME LATEliT JIE!..T GAIN 
NlCBTI'IME LATEH'.:' HEAT GAIN 

JUfPN=ftPK 
QRSD=<Rlfl'D=248.9+<YI'l>+-C~8.66)l*3.413>*BD 
QRSN=<RNPK•249.0+CWI'N+<WEft*9.66>>•3.413>*BII 

ClRLD=C~9*168.8+WED•8.34*3.413>*HD 
QRLK=CRRPN*l68.8+WEK•8.34•3.413>•BN 
RE1'UR1' 
EftD 

- .... . • : . • ' - , • """"1 . - ~µ. ~ \ . ' ~~ ' ·~--=-, \ 
.: ~ 1){·-~ "' .. 't ~~:· . ·-

,...,... .,· ~. 
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.. 

QSQS~S*COJ'fSP6CJ).BLBG(57> 

n 1 
w! ·en. , 

1 SUBROtrrJNE BLHGC QID, QIJ'f, QlfD, Qlm, QDD, QDN, ClGD, QCl'f, QFD, QFR, nm::, PUB, 
:~ •QRD,(l.'<\N,QTD,QTN,BC,HL,QCD,QCN,K,L,TJJ'f,TON,TID,TOD, IACHV,SGD,ICHECK 
3 *,TlC,TlH,ZKi 
·• C THIS IS BEAT LOSS Al'fD ffi:A.T GAIJ'f CALCULATIONS 
11 c 
6 c 
'l c 
a c 
9 c 

rn c 
,11 c 
12 c 
1:1 c 
... c 
rn c 
Hi c 
li.' c 
rn c 
HI C 
2(1 c 
21 c 
2~~ c 
23 c 
24 c 
25· c 

*** JJfPUT *** 
QCD 
OID 
Qllf 
QWD 
QWJf 
QDD 
QDN 
QGD 
QGR 
QFD 
QFR 
QRD 
QM 
THTC 
QCI( 
SCD 
PUB 
IACJ'fV 

DAYTIME CEJ:LIRG HEAT GAIR 
DAYTIME ll'fl'ILTRATI01' BEAT GAIJ'f 
IHGRTTIP1E INFILTRATIOJ'f DEAT GAl1' 
DAITIME WAI.L BEAT GA.11' 
'IGRTTIME llALL BEAT GAift 

1 DAITIME DOOR Bl'.AT GAIN 
i iHGBTTIME DOOR HEAT GAift 

DAYfIME WUIDOW HEAT GAift 
IUGB'ITIME lrIRDOW HEAT GAIR 
DAITIME FLOOR HEAT CAlft 
IUGB'ITIME F'LOOR HEAT GAIR 
DAYflftE Ilfl'ER.J'fAL BEAT GAIR 
ftIGB'ITIME llfrERNAL BEAT GAIR 
THERMAL Tll~ CORSTA1'T 
1'IGBTTJl'IE CEILIJ'fG BEAT CAII'f 
DAITIMI: SOLAR BEAT CAII'f 
PICK UP HOURS 
IUTURAL \IDITILATIOl'f ll'fDEX 
= 0 IF wurnow ALWAYS CLOSED 

26 c : 1 IF WINDOW OfEl'fS WHE1' OUTDOOR TEPIPERA'MJRE IS LESS 'I1IAK THE 
27 c 
28 c 
29 c 
3e, c 
31 c 
32 c 
33 c 
34 c 
33 c 
~6 c 
37 c 
36 c 
39 c 
48 
41 
42 
43 
44 
45 
46 
47 
48 
49 
30 
51 
5:? 
53 
54 
55 
56 
57 

TIC 
TIB 
ZK 
IC 

THERi10STAT SET POll'fT IN SmmER 
COOLl1'G TBErutOSTAT SETTING - l'fOT USED 
BEATIRC TBEIUW>STAT SETTING -- ftOT USED 
OVERAL.L BEAT TRAJ(SFER FACTO~ 
r I RST COOL nc MONTH 

L LAST COOLiftG MOi'fl"B 

*** OUTPUT*** · 
Q11) : DAYTIME BEAT LOSS .MD BEAT GAlft 
QT1I : IHCRTTIHE BEAT LOSS Al'fD BEAT GAIR 
HL : DAILY BEAT LOSS 
BC : DAILY BEAT GAll'f 

COMHO!l/IDVB!UiAYC 12> ,HR1'rrc 12) 
DIMENSIOri QID< 12>, QJN<12>, QWDli2~, 

* QGDC 12), QG!fC 1:2>, QFDC 12>, 
* QTD( 12) , QTII< 1:2> , HG < 12> , * THU 12) , TOftC U>, TID< 12) , 
* eB< Ht, 12>, ZK< 1.2) 

Q'fm(12>, QDDCl2>, QD1'lt2>, 
QFM<12), QRD<l2>, Q.RMC12>, 
BL < 12), QCD< 12>, QCN< 12>, 
TOD<l2>, SCDC12>, AA Cl0), 

DATA .lA/2HZK,411DBCD,4BDHWU,3HPUH,6HPULDWl'f,6HPICKUP,3BCLD,3HCLN, 
* 3HllLD,3flIILJ'f/ 

DO 18 l:ol,12 
lll..D=8. 
CL!>=8. 
HL1'=0. 
CLlf=0. 
PICKUP=0. 
PUI.miN=e. 
DHCD=0. 
DHWU=0. 
QTD< f) =CH D< I> +QWDC I) +QDDO: I HUGD< D +QFD( I HQRD< I >+OCD< I) 

. 'f;i!i:I:<.~ "-._'k.h r '1i. · . , , ... , 
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I~ (~~l '~ /\ ' ~ ;. ·?. I Jo • . , 
'1 "t· ~- ., l 

\
. . ·. ' ~ l 
, \' ·\ ;1.h I 
I '1 '\ ;a 1i ·\ 
1

1 1,1-~ ; 1 I l ~. ~ , .. :-: ' 
· -r~ · .: I ,:_ l\! · -~~ W1 
;; . l.j • .c .t. tt! ! 

\ ·l ~ . .' f1 ' 
\.! it. . 
~\· __ ·: ~~ !· 

•. ' 

l 

~ 
) . 

. I. .. 

:rn 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
')9 
70 
71 
72 
73 
74 
75 
76 
77 
'/8 
79 
88 
81 
~ 

nf 
83 
C4 
s:s , 

w · U6 

CD 87 
88 
89 
98 
41 
92 
93 
94 
95 
96 
97 
98 
99 

100 
181 
102 
183 
104 
185 
J.;)6 
107 
108 
189 
110 
111 
11~ 
113 
11".'.· 
115 

I •'\ :' i_t.. ' .• '.W • '1 . ,. ,,,, ~\\ ,. \ 

i ~ ~h.f; " ::..11 
· ~. 1"1 \ •. , I 

·- '. t. ~ ( -L. 

OTN< J)::QJN< I>+Qlffl( :i>+ru>N< I>+QCN< l)+(!IFN< l>+QJlNC I>+QCN< J) 

IF<TID< I> .NE . TIN< I)) CO TO 11 
I Fl QTD< I>. GT . 0.) CLI}::Q.TD< () 
IF< UTN< ll .CT . 0. ) CLN=QTNC ll 
If( OTO< IJ . LT. O. ) IILD= QTD< ll 
lf(QTNC J) .LT.0. > llLN=tlTN< ll 
GO TO 9 

11 IF\ OTO< ().CE. 0. AND. QTN( J). GE . 0. ;um. Tm< ().CE. THH ()) IX:: 1 
lFlUTDC P .G!'.:.0.AtlD.(ffN( I> .GE.0.AND.TliH !> .LT.Tl?H l>l IY.=2 
lHQTD< I> .GE.C.ANO.O.TiH ll .U:.O.AHD.TID< ().GE.TIN( I>) IX=3 
ffiO.TDl I> .GE.0.!\JllD.OTN( 1) .LT.0.AND.TlD! I> .LT.TIN< l» IX=<!· 
IFiUTD! () .LE . O.AND.0.TfH J) .LE.O.AND.TID< I) .GE.TIN<()) 1x:::.; 
IF d lTD< ll. LE . 0. AID. QT[I\ I>. LE. 0 . AN\;·. TID< I). LT . THI ~ J) > I }{::6 
IF \ QTI); J). LT . 0. AND . Q.'ffH l>. GE. 0. AND. TID< ll. CE. TirH ll l IX=7 
H ' <OTD< I> .LT . 8.AND.(ffNC l> . CE.O.AND.TlD( () .t:f.TINC J)) JK::8 
GO TO ( 1,2,3,4,5,6,7,61, IX 
riT=TI!.< l>-TID< I> 
CALL TIITCX<TON< I) ,TIO< I> ,DT,PULOtm,:~:(< I> ,PUil,TilTC,2> 
OT=l ID< l>-TIN( () 
Q= ~ QIID( I> +SGD~ I> > /IIRD,. Y< I l 
CALL THTCX<TODC fl , TIN< j) ,DT.Q,ZK< D ,DIDro,TIITC, ll 
IFO:OHliU.CE.HIIDAYC i)) DITh'U= IIP.DAYC I> 
CLD::QTD< I>*< 1.-DHWU/HRDAY< Ill 
CLTf= PULDWN*PUil+<lTNC I> *C I. -PUB/URN IT< I)> 
GO TO 9 

2 DT::TI;,( I>-'fJD( I> 
Q:: UR.N ( I> / IIRIO T< I> 
CALL TIITCX< TON( I> , 1'ID~ I> , DT, Q, ZK< I> , D~, THTC, l> 
IF<DHWU. ~E.HRNITC Ill DfiWU::HRrlIT< I> 
DT::TID< D-Tll'I< I> 
CALL TIITCX< TOD< I> • TIN< I) , DT, PULDWN, ~!(( J> , P~.:"H, THTC, 2) 
CLIJ=QTD( I l *< 1. -PlJ:YBRDAY< I)> +PUL!JUii:t:J> :J1J 
CLJ'~::QTN( I>*< 1.-DEWU/IDUHTC I>> 
GO TO 9 

3 DT=TIN< I>-T!D< I> 
Q=C!RN< !)/ORNITC i> 
CALL i lITCX< TONC I> , TIDC I> , DT. Q, Z!I'.:( I> , DHCD, THTC, 1> 
IF<DHCD.LT.HPJ'lIT< I>> DITCD::HR.;iJT( I> 
DT::TJD< ll-TIN< I> 
Q= ( mmc 1 l +SCD( I) ) /HPJIA Y< I) 
CA!...L TBTCXCTODC I). 'rlN( )) , nT.Q, ZKC n. D!IWU, TIITC, 1) 
IF<DIIWU.GE.HRDAYC I)) DuWU::llRDAYCI) 
IB..N = QTJC< I> * C l. - DHCD/rirul I TC I » 
CLn=Q11H I)*( 1.-Dl.Th'll/HRDAY<J>) 
GO TO ') 

~ D7~TtNC Il-Tl~C I> 
C:: .\L 1 . • ·nrrc: :~ T lll'T( () • Tl!l! 1) • n:-. !' I~K·.:r. Z.'{C I) • !' '-''11. TIITC. 2> 
ftT.,TIOi il-Tll l< I> 
<'./'.LL 11ITCX<TOIH J) , TJIH I> , r-T. !'lfLDWTI. ZKI I> • PUll , 'f1ff.C. 2> 
CLit=QTO < I)*< t. -PULl/ lJnD,\V( I l; +P JC !C'J:> :~ PUTI 
ln. 'l= O.TIH I) :i:c I. -PUH/JIRi'l IT< I> l +PIJLD l;lf :1: f'UU 
GO TO 9 

5 DT~ TID< ll-TITf< ll 
t: ,"i:.!, T!HCXCTOD< I) ,TINl ~) .DT.PICKUP . 7.~ :'. I> ,pu;: ,THTC,:?> 
{ ~ ' QI'.fl< ll /lIRN IT( !l 
l)Cf=TINI 1>-TID< I> 
1~. \ '.L T!ITCX< TON< l 1, TI D ( ! l. f,T .Q, ZK T". ~ "~'.). TTfC, I l 
l :·. 1:;i;:n . GE . flRN IT< l )) n:i :.: o= ;r:11 IT • : ) 

.. •: '· ~ 'C ' 
~ .. ' ·1 

: ;,J '.i .- '. J t • ... • ·.• ~ 



116 
117 
118 
119 
128 
121 
122 
123 
124 
125 
126 
127 
128 
l29 
131 
131 
132 
133 
134 
135 
136 
137 
138 
139 
I ... 
141 
142 

n ... ~ 
144 

·w{ 14s 
..... i46 

147 
148 
149 
l:SO 
131 
132 
133 
134 
1115 
116 
137 
158 
159 

\ 16Q 

' 
161 
162 
163 

-
"-... 

' .. 

' . 

HLn~~TN<IJ*( 1.-DHCD/ITrullT< IJJ 
IJLD=OTD< I>*< 1.-PUIVllRDAYC IJ>+PICk't1P*PUB 
GO TO 9 

6 DT=TIN~ IJ-TID< IJ 
CALL THTCX<TOl'f(JJ,TIDCl),DT,PICJaJP,ZICll>,PUB,Tln'C,2> 
~=(QRD( I>+SG9< f)J/BP.l>AY<IJ 
DT=Tlh<l>-TIN<I> 
CALL TRTCX<TOD< I> ,Tm< I> ,DT,Q,2JCfl> ,DBCD,THTC, 1> 
IF<DBCD.GE.IIRDAY<I>> DllCD=HRDAY<I> 
IILD=QTD(I>*< 1.-DD~D/HRDAY<I>> 
DL!l=PICICUP•PU!l+QTII< I>•< 1.-PUll/IIRftlT< IH 
GO TO 9 

7 DT=Til'f< l>-'!'ID< I> 
CALL TB'ICXlTOl'f(JJ,TID<I>,DT,PULDlm,ZK<l>,PUB,'111TC,2l 
DT=Tl.D< I>-Tfl'f( I> 
CALL TB'l'CK(TOD<J>,Tll'f(JJ,DT,PJCKUP,Z~(J),P'.JB,TBTC,2> 
BLD=PICICUP*~UB+QTD(f>*< 1.-PUll/HRDAY< I>> 
CLR=PULDWR*PUB+QT!fll>•< 1.-PUll/llRl'fIT<I>> 
CO TO 9 

8 DT=TID< I>-TIR<I> 
Q:(QRD( IJ+SGD(J))/llRDAY<I> 
CALL TBTCX<TOD<J>,Tll'f<IJ,DT,Q,ZK<l>,DB~D.TRTC,I) 
IF<IlBCD.GE.BRDAY< I>> Bu-CO=HRDAY<I> 
DT=Til'f< ll-TID( I> 
Q=ClRft<Jl/llR1'IT<I> 
CALL THTCX<TOR<I>.Tin<l>,DT.Q,ZK<l>,Dr.rntr,THTC,l) 
IF<DHVU.GE.llR1'1T<I>> DBWU=llR1'1T<I> 
HLD~QTD<I>*ll.-DBCD/BJU>AY<J>> 
CLR=GTl'f<I>*< 1.-DHVU/lllUllT(J)> 

t BG<JJaCJ.J>+CI.1' 
HL< I> "BU>t-BLN 
BB< 1, I> =ZI:< I> 
88<2, H=DDCD 
88<3, I>=DBWU 
BBC4, I>=PUil 
B8(5,l>=PULD1"W 
BB< 6, I> =P ICICIJP 
BB( 7, [) =CLD 
BB( B, I> =CLN 
BB<9, I>=BLD 
88( tO. l>=llLl'f 

10 corrr nn~ 
DC 20 J=l,11 
IF . JCi'ft:CK.£4.1) lffl.ITE<6,20G0> AACJJ,CE~~J,KJO,IOC=l,12> 

29~0For~t~T<18 ,A6.l2Gl0.~' 
~ C:>HT!?IUT~ 

r.r::,....mn 
EIC 

...... __ 

. 
" 



QSQIQ8$COftSP6tl>.TBTCX<S> 

n\ 
~! 

l SUBROOftl'fE TBTCX<TO,TI.DT,Q,Zlt,DB,TBTC, no 
2 C TO OUTS IDE TEMPERATURE 
3 C Tl INITIAL HU>OOR T£1'1PERA'roRE, F 
4 C DT TEMPERATURE RISE AFTER DB HOURS 
S C Q llITEMAL B!:AT GAl1', BTO/DAY 
6 C ZK HEAT LOSS FACTOR, BnJ/CHRHF> 
7 C DB TIME OURA'flOM, BR 
a C TBTC THERltU. TIME CO?ISTAIIT 
9 C IX CALCULATIOl'f llmEX 

1e C IX • I CALCU1.AT£ DB 
l l C IX • 2 CALCUU.'1"£ ZQ 
12 C IX ::r 3 CALCUU.'1"£ DT 
13 C liRITEC6,5> TO,Tl,DT,Q,ZIC,DB,THTC,IX 
14 C I fOft."IAT<' 'f0.>r'Fl2.6,' Tl='F12.6,' DTa'F12.6,' Qs'F12.6, 
15 C • ' ll2 'Fl2.6,' DB='F12.6,' TBTC•'1'12.6,' IX:s'J2> 
16 !F< IX. U.. U CO TO I 
17 Zl:s£XP(-DIVl'BTC) 
18 Z2• I .-Zl 
lt I CO TO <2,3,4>, lX 
ze 2 Z3•TO-Tl+Q..'ll 
21 Z4:1TO-<Tl+DT>+Q/7X 
22 Z6• Z3.IZ4 
23 IF<Z6> 1,1,6 
24 I DB:s24. 
25 RE'n1m:: 
26 C liRIT£C6,6> Z3,Z4,Z6 
27 C 6 FORKAT<' Z3='Fl2.6,' Z4•'F12.6,' Z6•'Ft2.6) 
28 6 Z52 ALC.AZ3/Z4> 
29 · ·· DB2 TR'IC*Z5 
39 IF<DB.J..E.8.) DB•24. 
31 RETUM 
32 $ Z6•Tl-TO 
33 'Cl• Z6+DT/7.2 
34 Q:o-~ 
35 RETIJM 
36 4 Z3•TO-Tl+cVU: 
37 DTsZ3•Z2 
38 llETURJ( 
39 DfD 

' 
' ' 



QIQ8Qa*CORSP6<1).BCRT(7) 

a . 
w , 
co 

• 
~. 

I SUBR01ITIH BCRT (BL. BC, LBC. BREQ, CREQ. AJRLOS) 
2 c 
3 c 
4 c 
5 c 
ti ,. 
7 ~ 
8 c 
9 c 

H C 
11 c 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 
19 
2<1 
21 
22 
23 
24 
25 
26 

.., ... 

THIS IS llEATIRC DD coounc REQUIRDIElfT ROOTl.RE 

as::: 11'PDT *** 
BL : SD'SIBLE BEAT Ul88 
HG t SE1'SlBU: BEAT GAii{ 
LRG : LA'IT.lrr BEAT CA.11' 
AIRLOS I AIR LEAKAGE THROUGH DUCTS. PERCElfl' or DELIVERED .A.IR 

*** OUTPUT *** 
BREQ 
CREQ 

I BEATIRG REQUJRDIDT 
I COOLIRC REQUIREME..'1T 

DIKEltSIOK Bl.(12), BC<12>, LBC<12), 
m:.tL LBG 
DO 18 I • I, 12 
llREQ( 1> • < m...< U +I.BC< I» • < I. 8 + 

· IF< BJ\EQ.( U .GE. 8.) JIREQ( I> s:e. 
CREQ( I> • <BC< J) + LHG< I)>•< 1.8 + 

I') COIITliroE 
RETUIU( 

Elm 

'~ 

llREQ(12), CRl'Al<l2> 

.A.IRLOS/IH.8> 

AIBLOS/ltt.t> 

', . ···~ 



..... 

..... 

QllQllQ8$CO~SP6( 1>.SEU(18> 
1 SUBROUTID: SEU< SA.SB. TE. TOD.1.sur.AS.QS, ISOLBW. ISOlSlD 

·~ 2 c 
3 c 
.. c 
I C 
6 c 
7 c 
8 c 
9 c 

18 c 
11 c 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 c 
19 c 
2f' c 
21 
22 
23 
24 
25 

i 2ij 

n .. zr 
,.1 ;: 
o ! - 3e 

31 
32 
33 

DD Pll'I' 

c 

THIS IS SOLAR UERGY UTILIZATIOl'f .'.~:~ 
•. 

*** IRPtrr *** 
SA : '.:O!...u:cTOR l'fORKAL EFP' IC IERCY CURVE DATA A 
SB : COLLl'.CTOR l'fORKAL En IC IERCY CURVE DATA B 
TE : 11'1.ET FLUID ftlll'ERATUR.E 
TOD : DAYTIME OUTDOOR ftlll'ERATURE 
I : DAILY TOTAL SOLAR RADIATIOlf 
SUP' 1 SOLAR BEAT UTILIZATIOl'f FACTOR 
AS i COLLECTOR AREA 
ISOLBV : SOLAR HOT WATER INDEX. 8 FOR WO, I l'OR YFB 
ISOLBB 1 SOLAR SPACE BEATllfG llfD.EX. 8 FOR 1'0, I FOR Yl'S 

*** OU'I1'UT U:. 

QS i SOLAR BEAT UTILIZED 

CORt«>l'f/BR/BRDAYCl2>.BJUfITCl2> 
Dl!IEftSIOl'f ~<12>,TDD<l2>,IC12),QS(l2> 
REAL I 

DO 18 Ja I, 12 
QS(J>••·· 
IF( JSOLJIW.EQ.8.AlfD. ISOISB.F.Al.8> CO TO 18 
QSCJ>=AS•SA*<l.ct-DRDAYCJ>•<~CJ>-TO»<J>J/SB/ICJ>>*8UF•I<J> 
IF<<TE<J>-TODCJ))/l(J).CT.SB) QS(J) • e.e 
IFC<TE<J>-TOD(J))/ICJ>.LT.8.) QSCJ> • AS•SA•SUF•ICJ) 

Ht COl'IT I ITT1E 
RETIJll?! 
Uu 

8PRT,S COKSP6.EREQ,.BWBnEQ,.CSDUPI,.ASDUPl •• Bl'IDUPl,.OSDUfl,.ZICDl'f,.PSY2,.WBF 

t 



a.a.a..co1'SP6<1>.El1EQ<l4> 
I SUBROUTl1'1: J:REQ( BREQ, CREQ, EH. EC, IS'YS, SHBTIJ,SCBTU, WBREQ, QS, QQC, QQID 
2 c 
3 c 
4 c 
5 c 
6 c 
7 c 
8 c 
9 c 

18 c 
1l c 
l2 c 
13 c 
It C 
1\1 c 
16 c 
l7 c 
18 c 
It C 
29 c 
21 c 
22 c 
23 c 
24 c -I ~ c n 27 

- 28 
... 29 
... H 

c 
c 

l . 

II 
32 
33 
34 
31 
36 
37 
38 
39 
48 
41 
u 
43 .... 
45 
46 
47 
48 
49 
58 
St 
52 
53 
54 
55 
56 

c 

c 

57 c 

THIS !S DZRGY REQUIREllERT CALCULATl01' ROUTllfE 

*** llWUT *** 
BREQ 
CREQ 
DI 
EC 
WHRFAl 
Q8 
QQC 
QAJI 

IS'YS 

1 BZATIRG REQUIRE!fEIIT 
COOLl1'G REQUiru:m:JIT 
llEA.'H.i!G EFflCIE1'CY 

I COOLlftG EFJ'ICIE1'CY 
1 BOT WATER llEA.TIRG REQUIREllERT 
: E1'ERGY FROll SOLAR COLLECTOR 

BEAT GAIR THROUGH DUCTS 8 PIPFS 
BEAT LOOS THROUGH DUCTS 8 PIPFS 

I SYB11:JI IRDEX 
I • llEA.TIRG + 1'0 COOLIRG 
2 • 1'0 llEA.Tllm + COOLIRG 
3 • 111:.ATIRG + COOLIKG 

*** OUTPUT *** 
SllBTU 1 llEA.TIRG EKERGY REQUIREMERT .AJ'TEll U811'G E1'l!RCY FBO!I SOLAR 

COLLl'Cl'OR,11'CLUDl1'G BOT WATER EJIERCY REQ.UIREllDT 
SCB'IV 1 SP.ACE COOLIKG l!:RERGY REQUIREllERT 

DlllEKSIOR llREQ(l2>,CRECl<l2>,WBREQ<l2>,QS<l2>,QQC<l2),QQB(l2> 

00 TO <l .. ,lel,182>, ISY& 

IN SCBTU•e.e smrro·•·• 00288 l•l.12 
X•<llRECl<l>+VBREQ(J)+QS<l>+QQH<I>>/EB 
IF<X.CT.e.e> X=8.8 
SllBTU•SBBTU+X 

299 COITIKUE 
00 TO 999 

181 

281 

182 

202 

811BTU•8.8 
SCBTU•3 •• 
DO 291 l•l, 12 
Y•<1'11RECl<l)+QSCJ))/l'.B 
IJ'(Y.CT.9.8) Yme.e 
SBBTU• Smrro+ Y 
SCBTU=SCBTU+CCREQCI>+QQC(l))/EC 
COITllWE 
GO TO 999 

SHBTU=0.8 
scnro=e.e 
DO 202 1=1,12 
Zm<BRE<Ul>+WBREQ<I>+QSCl>+QQH(l))/EH 
IF<Z.GT.0.0) Z=O.O 
SHBTU= SHDTU+Z 
SCBTU=SCBTU+<CREQ(J)+QQCCl))/EC 
CONTINUE 

•••• ~ .. ~#' ~ 
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T 
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\ 
I 

QIQIQi*COl'ISP6fl).BliHREQCl2> 

nl 
ti 

I SUBP...OUTIR Jl1iBRF..QC TOUT, Tl", HWT, A, BSm'D, BSl'ITK, DI, RA!ll, D2, RA1l2, 
2 I BLHWHt , BLmlB2, SA VE, WBREQ) 
3 .. 
5 
6 
7 
8 
9 

18 
11 
12 
13 1• 
15 
16 
17 
18 
19 
28 
21 
22 
23 
24 
25 
26 
27 
28 
29 
38 
31 
32 
33 
34 
35 
36 
37 
38 
39 ... 
•1 
42 
'63 
44 •:s 
46 
47 
48 
49 
H 
51 
52 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

TB IS IS BOT WATER. BEA Tl l'IG . REQU I RDWIT ROUT I I'll: 
*** IJO'UT *** 

TOtrr 
Tiii 
BWT 
A 
BSPfl'D 
BSHTl'I 
DI 
RA!ll 
D2 
RAn2 

1 BOT WATER OV'I1.ET 'Inll"ERATURE 
: BOT WATER. 11'1.ET TEtU'ERATURE = GROUlfD TE!IPERATURE 
1 BOT WATER USAGE 75. GALLOl'l/DAY 

: TOTAL JAC1CET AREA 
DAYI'IftE BASE!!EllT n:KPERATORE 
l'IIGB'ITl!IE BASEJIEIIT TEl'lPERATURE 
TBICQESS OF AL.READY INSTALLED ll'ISULATI01' 
THERl'lAL C01'DUCTIVITY Of ALREADY ll'ISTALLED INSULA.TIOR 
TBICKlfESS OF ADDITIOl'IAL ll'ISULATIOl'I 
THER1lAL COl'IDUC1'1VITY OF ADDITIONAL lftSULATIOR 

*** OUTPUT *** 
BLBWlll : BEAT LOSS THROUGH 1'01'-ADDITIORAL JACICET 
llUIWB2 : BEAT LOSS THROUGH ADDITIORAL JACKET 
SAVE z ERERGY SAVll'IG BY ADIHTIONAL ll'ISULATIOl'I 
WBIWl t BOT 'WATER er.arum l\EQOH\EMEIIT 

COPUEIVIDVBRDAY< 12> , IDUUTC (2!) 
DIMFJfSlOl'I Tll'IC 12),WBRECH!2>,BSl'rl'DCl2),BSHTl'ICl2>,BLBWlllC12>, 

l BLll'WB2C 12> ,SAVE< 12) 

UX•8.685 
IFCRAJtl.Dl.8.8> GO TO 18 
UX=8.685+Dl/RA!ll 

18 Ul• 1.8/UX 

UY=8.685 
IFCRA!ll.RE.9-8.AJID.K.'1!2.JQ:.8.8> UY=8.685+Dl/RA1lt+D2/RAll2 
IFCRA."11 .l'IE.e.e.ARD.RA.l~.EQ.8.8) UY=8.683+Dl/RAMI 
IFCRA1ll.EQ.8.8.AJO>.RAK2.RE.8.0) UY=8.683+D2/~ 
U2•1.8/UY 

00 29 l•l,12 
QDtnUl*A*CBSm'DC I>-TOOT>•BRDA.YC I> 
Ql'H=Ul•AsCBSPITIH I>-1'0UT>•BRl'IITC I> 
QD2=U2•A•<BSl'fll)CI>-TOUT>*BRDAYCI> 
Qlf2= U2•A•< BS!'fl'JH I>-1'0UT> •BIUUTC I> 
RLHWHICl>=QDt+Qlfl 
BLH'W112Cl>•QD2+QN2 
SAVECJ>•llLllWB2CI>-BLHWlllCI> 
1·111REQ.< t>=590.8/60.8*CTINC I> - TOUT> * BYr+BI..HWB2C I> 
JF(tlBREQ( l).GT.9.8) WHREQC l>•e.o 

29 CONTJ.NUE 
RETUR11 
END 

... _,._ ..... ... ,..-._ .. ~ . .,.,. . ..;, . ~ - ,..,,~ 



09'19QS*CO~SP5Cl>.CSDUPIC~> . 
1 SUBROtITIRE CSDUPIC ADt:CT, UDUCT,A!>IPE, UPIPE, TCSUPA, TCSUPW, THSUPA, 
2 I TBSUPW,CRA'WLD,CRAWJ.!f,NSTART,.ltLAST,QC,QB, 
3 2 CFAC,BFAC> 
4 C THIS IS HEAT LOSS 8 GAIN THROUGH DUCTS 8 PIPF.S IN CRAWL SPACE 
II C 
6 c 
7 c 
8 c 
9 c 

18 c 
11 C 
12 c 
13 c 
14 c 
l:S c 
16 c 
17 c 
18 c 
19 c 
20 c 
21 c 
22 c 
23 
24 
2:S 

I 26 
n

1 
27 

. 28 
.,. , 29 
.,. I 39 

3.1 
32 
33 
34 
33 
36 
37 
38 
39 
48 
41 
42 

c 

*** INPUT *** 
ADUCT = TOTAL SURFACE AREA OF DUCT 11' CRAWL SPACE 
UDUCT = U VALUE OF DUCT 
APIPE = TOTAL SURFACE AREA OF PIPE IN CRA1'/L SPACE 
UPIPE = U VALUE OF PIPE 
TCSUPA = SUPPLY CHILLED AIR TEi'IPERATURE 
TCSUPW = SUPPLY CHILLED tfATim TEMPERATURE 
THSUPA = SUPPLY HOT AIR TEMPERATUl'E 
THSUPW " SUPPLY HOT WATER n:MPERATURE 
CRAWLD = DAYTIME CRA'lo/L TEMPJ•:RATURE 
CRAWI.JI = KICBTTUIE CRAWL TEhPERATURE 

*** OUTPUT *** 
QC 
QB 

" IIEAT GAIN THROUGH HUCTS 8 PIPES 
= BEAT LOSS THR~UGH DUCTS 8 PIPES 

COMM0ft/BR/BRDAYC12>,BR1'1T(l2> 
DIMEl'ISIOft CRAWLDCl2), CRAWLftC12), QCCl2>, QB(l2), 

I CfACC12>, BFAC< 12) 

DO 10 I=l,12 
DUCTCD=ADUCT*UDUC'l'*CCRAWLDCI)-TCSUPA>*BRDAYCJ>•CFACCI> 
DUCTCN=ADUCT*UDUCT>tCCRAWLN<I>-TCSUPA>*HRNIT<I>*CFACCI> 
P IPECD=AP IPE*UP IPE*C CRAWLDC I>-TCSUPW> *BRDAYC I> *CFACC D 
p lPECU=AP IPE*UP IPE*C CRAWI..MC l>-TI:suno *HRN ITC I) :t:CFAC< I) 
QC<l>=DUCTCJ>+DUCTCK+PIPECJ>+PIPECN 
IF{ I.LT.NSTART.OR. I.GT.NLAST> QC( 1>=0.0 
DUCTCD= ADUC1¥UDUCT* < CRA WI.DC I) -TIISUP A> *1IRDA YC I) :t:BF AC< I> 
DUCTCN=ADUCT*UDUCT*:C CRMILN< I> ·-TIISUPA> ~=HRNIT< I> *IIFACC I> 
P IPECD=AP IPE*UP IPE:i:( CR1\WLDC I >-TIISUPW> ::: IffiDAY< I> ::O:ill'ACC I> 
PIPECN=APIPE*UPIPE*<CRA~'LfiCJ)-TJ.ISUPW>*BRNITC l>*llFACCI> 
QB( I>=DUCTCJ>+DUCTCN+PIPECJ>+PJPECN 
JF(J.GE.NSTART.AND. I.LE.NI.AST> C!BCI>=0.9 

18 CONTHWE 
RLTUF.lf 
I.ND 

---



' 

. . 

QSQIQS•COKSP6<1>.ASDUPI<4l 

I 

n l 
I 

~! 

1 SUBROUTIR ASDUPH A.DUCT, UDUCT,APIPE, UPJPE, TC8'1PA, TCSUP'tl, TBBUPA, 
2 I TBSUPW,ATD.AT1'.KSTART,1'LAST,QC,QB,CFAC,HFAC> 
3 C THIS IS BEAT LOSS 8 CA.IR THROUGH DUCTS 8 PIPES IR ATTIC SPACE 
.. c 
5 c 
6 c 
7 c 
8 c 
9 c 

19 c 
II C 
12 c 
13 c 
14 c 
15 c 
16 c 
17 c 
18 c 
19 c 
ae c 
21 c 
22 
23 
24 
25 
26 
27 
28 
29 
38 
31 
32 
33 
34 
35 
36 
37 
38 
39 
49 

c 

*** IKPUT *** ADUCT 
UDUCT 
AP I PE. 
UPI PE 
TCSUPA 
TCSUPW 
TBSUFA 
TBSUPW 
ATD 
A·rw 

TOTAL SURFACE AREA OF DUCT IR ATl'IC SPACE 
U VALUE OF DUCT 
TO'fAL SURFACE AREA OF PIPE IR ATl'IC SPACE 
tJ VALUE OF PIPE 
SUPPLY CHILI.ED AIR TEKPERA'nJRE 
SUPPLY CHILLED WATER TEKPERATURE 
SUPPLY BOT TFJU'ERATURE 
SUPPLY HOT WATER TEPIPERATURE 
.l'IT IC DA YTI 1'IE TDIPERA 1 URE 
ATTIC KICBTTUIE TE11PERATURE 

*-* OUJ'PUT *** 
QC 
QB 

: BEAT CAIR THROUGH DUCTS 8 PIPES 
1 BEAT LOSS TBROUGil DUCTS 8 PIPES 

COIOl>R/BIVBRDAY<l2),JIR1'1T(l2) 
DIRI.RBIOR ATD<t2>, ATR<l2), QC(l2>, Qll(t2>,CFAC<l2),BFAC<l2> 

DO 19 I=t,12 
DOCTAD=ADOCT*UDUC'I'*< ATD< U-TCSUPA>•BR'"' _ .. ,_. a>•CFAC< J) 
DUCTAJ(:o ADUCT*UD:JC'T~( ATIH I) -TCSUP A> SIIRI\ a 1'\ I> •CFAC< I) 
:PIPEAD=APIPE*UPIPE*<ATD< U-TCSUPWl•HRDAY< I>•CFAC( I) 
'PIPE.Alf=APIPE*UPIPE*( ATR< l>-TCSUPW>•IIRl'IIT< I>•~FA.C( I> 
QC( I>~ DUCTAD+DUCTAP.+PIPEAJ>+P IPEAlf 
IF< I.LT.RSTART.OR. J.CT.RLAST> QC( n=e.e 
DUCTAD=ADUC'I'*UDUCT*<A"l'D< I>-THSUPA>•HRDAY< I>•BFAC( I) 
~DUCTAlf= ADUCT*UDUC'I'*< ATIH I) ::.TBSUPA> >il<HRN IT< I> •HF AC( I) 

PIPE.tJ>=APIPE•UPIPE*<ATD<I>-TBSUPW>•HRDAYCI>•BFACCJ) 
PIPEAK=APIPE*UPIPE*<ATN< I>-TBSUP'tll*IIRl'llTC I>*BFAC< I> 
QH( I>=DUCTAD+DUC'fAft+PIPEAI>+PIPEA.l'f 
IF(l.GE.ftSTART • .l1'D.J.LE.Jn.AST> QB<I>=8.8 

11 CONTINUE 
RE"IUM 
DD 

-.. 



' 

r;/.! 

QSOIQS*CO~SP~<l>.BPIDUPl<B> 
l SUBROUTl!f(. BPIDUP I< ADUCT, UDUCT. AP IPE, UP IPE, TCSUPf, TCSUPW, TIISUPJ\, 
2 l TBSUPW. BS!fI'D, BSKI'N, NSTART, NLAST, lf.DEXC, QC,QH, 
3 2 Cf AC, CFAC) 
.. c 
3 c 
6 c 
7 c 
8 c 
9 c 

J8 c 
11 c 
12 c 
13 c 
14 c 
1:1 c 
16 c 
17 c 
ii; c 
19 c 
28 c 
21 c 
22 c 
2!'$ c 
24 c 

. 2:5 c 

n/ ~; 28 
~ 29 
O> 38 

31 
32 
33 
34 
3:5 
36 
37 
38 
39 
48 
41 
42 
43 
44 
4:5 

THIS JS BEAT LOSS 8 CAJ1' THROUGH DUCTS 8 PIPF.8 11' BASEMEftT 

*** ll'fPUT *** 
ADUCT 
UDUCT 
APIPE 
UPJPE 
TCSUPA 
TCSuPW 
TBSUP.\ I 

THSuPW 
BS KID 
BSKTII 
11'DEXC I 

TOTAL SUID'ACE AREA OF DUCT Il'f BASEPIEJIT 
U VALUE OF DUCT 
TOTAL SURFACE AREA OF PIPE IN BASEI'OOIT 
U VALUE OF PIPE 
SUPPLY CHILLED AIR TEMPERATURE 
SUPPLY CHILLED WATER TEHPERATURE 
SUPPLY BOT AIR TEJii>ERATURE 
SUPPLY IIO'r WATER TE.11PERATURE 
BASEHF.NT DAYTIME TEMPERATURE 
BASEMENT Ml'ihTIIHE TEMPERATURE 
=8 IF BASEHEMT HEATED1 = 1 IF Ul'fHEATF.D 

*** OUTPUT *** 
QC 
QH 

1 HEAT GAl1' THROUGH DUCTS a PIPF.S 
: HEAT LOS~ THROUGH DUCTS 8 PIPF..S 

C0l'IPl(l!f/llR/HnDAYCl2>,llR!fIT<12) 
DI!'fENSJ01' BSHTD< 12>, I!SPrI"lf(12>, QC(12), QB(J2>, 

1 CFACC12>, BFACC12> 
DO Ht 1=1,12 
DUCTDD=ADUC'l'*UDUC'I'*CDSl'fI'DCl>-TCSOPA>•HRDAYCI>*CFACCJ> 
our.TB~= ADUC'l'*UDUC'I'*< BSl'ITNC I>-TCSl!P A> *HRlfIT< I> •CFAOC I) 
PIPf.BD=APlPUUPIPE*CBSl'fI'DC l>-TC8UP'li>*HR1>AYC I>*CfAC< D 
PJP£BN=APIPE*UP IPE*C BSJ'l'T'lH l>-TCSlfPW> *HR.NIT< I> •C.FAC<·U 
QC( l>=DUCTBD+DUCTBff+PIPEBD+PIPEBN 
IFCl.LT.HSTART.OR. J.GT.NLAST> QCCI>=0.8 
DUCTBD=ADUCT*UDUC'l'*CBSJiTIH J>-THSlJPA>*llRDAY< l>*HFACCI> 
DUCTBD=ADUCT:o<UDUCT*CBSl'fTN<I>-11ISUPA>•HRNIT<I>~IJJACCI> 
P IP£BDc:APJPE*OP JPE*< BSJ'fl1)( l>-TBSUPli1 *HllDAYC I> *llFACC J) 
Pl l'f.DD=-AP IPE.t.UP IPE'H BSMrN< 1>-THSUPW> *lIRlf ITC I> *Bi'ACC I> 
QB( I>~DUCTBD+DUCTBN+PIP£BD+PIP£BN 
JYC l.GE.KSTART.AND. I.LE.NI.AST> QHCI>=9.9 
lFC INDEXC.EQ.9) QB( I>=0.9 

19 CONTl?\UE 
RETUJU( 
END 

----
·, 

... 



\ 

• I I • 

Q8Q:SQ.8*COl'fSP6Cl>.OSDUPIC4> 
1 SUBR01IT11'E OSDUPIC ADUCT, UDUCT, AP IPE, urIPE, TCSUPA, TCSUPW, TBSUPA, 
2 I TBSUPW, TOD, TOl'f, NSTART, ftLASl, QC, QB, CFAC, llFAC> 
3 c 
.. c 
5 c 
6 c 
7 c 
8 c 
9 c 

10 c 
11 c 
12 c 
13 c 
14 c 
IS C 
16 c 
17 c 
18 c 
19 c 
28 c 
21 c 
22 c 
23 c 
24 
25 

\ 
26 n 27 

\ 28 
~ I 29 
- 38 

31 
32 
33 
34 
35 
26 
37 
38 
39 
48 
41 
42 

c 

TBIS IS BEAT LOSS 8 CAll'f THROUGH DUCTS 8 PIPFB 11' OUTSIDE 

*** 11'PUT *** 
ADUCT 
UDUCT 
APIPE 
UPIPE 
TCSUPA 
TCSUPW 
TBSur>.A 
TBSUPV : 
TOD 
TON 

TOTAL SURFACE AREA OF DUCT 11' OUTSIDE 
u VALU~ or DUCT 
TOTAL SURFACE AREA OF PIPE 11' OUTSIDE 
U VALUE O? PIPE 
SUPPLY CHILLED AIR TDIPERATURE 
SUPPLY CH!LLED WATER TEPIPERATUBE 
SUPPLY BOT AIR TEPIPE.'U.TURE 
SUPPLY BOT WATER TEMPER.\TURE 
DAYTUIE OUTSIDE TDIPERATURE 
1' IGJITl'UIE OUTS IDE TEMPERATUBE 

*** OlITPUT *** 
QC 
QH 

: BEAT C.Al1' THROUGH DUCTS 8 PJPE.S 
: BEAT LOSS TBROUCE DUCTS 8 PIPFB 

COIVIOl'f/BIVBRDAY<l2),BRftlT<l2) . 
Dl!IERSIOl'f TOD<l2J, TOl'fCl2), QC<l2), QBC12J,CFACCl2J,ID'AC<12> 

DO 18 l=l,12 
DUCTOD~.ADUCT*UDUCT*CTODCIJ-TCSUPA>•HRDAYCI>•CF.ACCIJ 
DUCTOl'f=.ADUCT*UDUCT*CTO~CIJ-TCSUPAJ•llRI'flT<l>*CFAC<I> 
PIPEOD=APlPE*UDUCT*CTODCI>-TCSUPWl*HRDAY<I>*CFACCJJ 
PIPEOl'f=APIPE*UDUCT*CTOlf( I>-TCSUPll>•HRNIT< I>*CFAC< I> 
QC(JJ•DUCTOD+DUCTOl'f+PIPEOD+PIPEOl'f 
IF Cl.LT.l'fSTART.OR.J.CT.l'fLAST> QC(J):Q.9 
DUCTOn=ADUCT*UDUCT¥<TODCI>-TBSUPA>*HRDAY<l>•BFAC<I> 
DUCTON=ADUCT*UDUCT*<TOl'fCIJ-TBSUPA>•Ir.UfIT<I>*BFAC<I> 
PIPEOD=APIPE*UPIPE*<TOD<I>-TIISUPW>•BRDAY<I>•BFACCI> 
PIPEOl'f=APIPE-~UPIPE*<TON< I>-TBSUPW)$BRNIT< I>•iIFACCIJ 
QIICl>=DUCTOD+DUCTON+PIPEOD+PIPEOl'f 
IF <I.CE.l'fSTJ\RT.AND.I.LE.l'fLAST> Qll(JJ=Q.O 

18 CotlTlftfil: 
RE TUM 
Em> 

I 



Q9Q909*CORSP6\l•.ZJCDft(4) 
I SUBROUTIRE ZEDR<RllD"IL.B,ZK) 
2 C THIS ROliTIR OETEIUllRF.S THE OVERALL ElfV£!.OPE BEAT TRA1'SFER FACTOR 
3 C A SUEROUTJllE OF BI.BG ROUTllfE 

...... t R£AL f.l~~IL<l2>.B<~•> 
S REAL ZK< 12> 
6 SUJflJCaB(72)*B<74)+8(77>*B<79>~B<82>•B<84>+B<B7>•B<89>+B<J24>*B<I~ 
T •>+B<l3t>•B<l~l>+a<J36>•B<l37>+B<lf2>*B<l43>+8(292>*B<29~>+B<297>*B 
8 •t298>+B<3e2>*B<383)+B<3e7>•B<388>+8(152)*8(192> 
~ 00 l 1=1.12 

H ZZ=S~+RIKFIU U•l.88 
11 ' ZIC< B =ZZ 
12 RETUM 
13 £JfD 

n\ 
al 

'1 
I 
I 

l 

1' 

' 

' ,1 . 
;· 

l; 
I . 

/ 



' 

' ' 

Q:9QtQ:9•CORSP6<t>.PSl'2<l> 

n i .. '.: 

CO ! 

1 SUBR01Trl1'E PSY2 (~B,DP,PB,WB,PV.W,H,V,RB> 
2 c 
3 c 
.. c 
5 c 
6 c 
7 c 
8 c 
9 c 

18 c 
11 c 
12 c 
13 
M 
115 
16 
17 
18 
19 
28 
·21 
22 
23 
24 
23 
26 
27 
28 

19 
29 

H 

c ... 
c 

***********************************************************~***** 

THIS SUBROtrrlKE CALCUU'IT.S THE FOLLOWl1'GS WHEW DRY-BULB TEl'!PERATURE 
<DB>,DE'W-POJIIT TEPiPr.RATURE<DP>,AlfD BAROl'!ETRIC PRF.S§URE<PB> ARE CJVEJf 
WB WET-BULB TEl'!PERA'MJRE 
V llUllIDITY RATIO 

H ElITllALPY 
V VOLUl'fE 

PY VAPOR PRl'SSURE 
RB REL.\ Tl VE llUlllD ITY 

IF <DP-DB> 29,18,18 
DP•DB 
PV=PVBF<DP> 
PVS=PVBF<DB> 
IUJ2PV/PV8 
V=9.622•PV/(PB-PV> 
V=8.714•<DB+~9.7>•<1+7988•V/4368)/PB 
B=8.24•9B+C1861+9.+t4•DB>•V 
IJ' <B> 38,38,ff 
WB•DP 
RETORn' 

WB•WBF<B,PB> 
RE1'URR 

ERD 



"" ~ , , 

'-.... 

';: 
,• 

n1 
UI 
0 

Q9Q8Q9$CORSP6(1j.WBF<I> 
I FU1'GTJOR WBF (8,PB> 
2 c 
3 c 
4 c 
5 c 
6 c 
7 
8 
9 

18 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
31 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
49 
41 
42 

DD PRT 

•• 

c 
20 

c 
38 

ff 

se 

c 
68 
78 

c 
88 

c 
98 

109 
c 

****************************************************************** 

THIS PROCRAK APPROXIKA.n:B THE tiE'I'-BULB TEl'IPERATURE 1alE1' 
ElfIBALPY IS GIVER 

If < B> 38, 38, II 
Y:zLOC( R> 
If lB.CT.ll.7S8> CO TO 28 
'WBF=9.6041+3.4841•Y+l.3681•Y*Y+8.97387•Y*Y*Y 
CO TO 180 

lffif=31.918S-39.68288•Y+28.5841•Y*Y-l.758•V•Y*Y 
CO TO 188 

1iBl•lG8. 
PVl=PVSf( WBI> 
Wl=l.622•PVl/(P8-PVI> 
X1=8.24•WBI+<I861+8.444•WBl>•Wl 
YI =R-Xt 
WB2=WBI-l 
PV2=PVSF<W82> 
W2•8.622•PV2/<PB-PV2> 
X2=1.24•WB2+(186!+~ ........ WB2>•W2 
'Y2=B-X2 
If CYl•Y2> 98,68,58 
WBl•WB2 
Yl='Y2 
co "IO ... 

IF <YI> 89,78,&e 
WBF•WBI 
GO 10 IH 

WBF='W82 
CO TO lM 

Z=ABS< Yl/Y2) 
US~=(W82sZ+WBl>/(l+Z> 
RE!11Rl'f 

EftD 

9PRT,S CORSP6.DECDAY,.LlnT,.MAX,."rn 

,1' 



" 

. ' 

Q9Q9Ql•COftSP6f l>.DECDAY<5> 

~\ 
Cll · .... 

l 
2 
3 .. 
3 
6 
7 
8 
9 .. 

11 
12 
13 l• 
IS _ 
16 
17 
18 ,. 
29 
Zl 
22 
23 
24 
211 
26 
27 
28 
29 
H 
31 
32 
33 
34 
311 
36 
37 
38 
39 
40 
41 
42 
4~ 
44 
45 
46 
4& 
48 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUT11'E DEGDA.YCR,CDEC,BDEC,TBT,TCT> 
THIS nOUTlltt DETERPfllfES AllNUAL BEATIRC A1'D COOLIKC REQIJIRDU:rrs 
BY THE VARIABLE DECREE DAY l'IETBOD 
llRN Pl>IITBLY BEATlftC REQUIREPl£JIT <lfWATIVE> 
CREQ MOIITBLY COOLlftC REQUIREJIE1'T CPOSITlVE> 
TOD MOlfl'BLY ftORPlAL DAYI'll'IE TEPIPERA'nll\!: 
1'01' MOltTBLY l'lO~L 1'1CB'ITIPIE TEPIPERATURE 
CDEC COOLI1'C DECREE DAY AT DIFFEREIIT BASE 'JVPERATURE 
BDEC BEATl1'C DECREE DAY AT DIFFEHE1'T BASE n:MPERATURE 
TBT A.lmUAL BEATJlllC REQUIR.EhE!IT 
TCT A.DUAL COOLIRC REQUIREHEftT 
D ll'IEKS 1011 BREQ.( 12) • CREQC 12) • TOD< 12) 'TOlf( 12> I TO< 12) • CDECC 16> • BD!.G( 16) 

16). R< 59> 'DA.WC 12)/31. ,28. ,31. ,38 •• 31. ,3 •• ,31. I Sl. ,3 •• ,31. ,39. ,31./ 
WRITE< 6, IU 
DO I I• l, l2 
BREQ( I> •M 1+2>/DUS< Ii 
CREClC U•R< 1+14)/DAW< D 
TOD< l>•ll< l+:MJ 
".Oii< I> •RC 1+38> 

l TO<l)•('l'OD(J)+~(l))/2. 
CALL llA.XCcttEA,~. lllAX, 12> 
CALL ftlW<CBDl,QCl,IKIB,12) 
TC l •'l'O< 111111 > 
TC2•TO< lllAX> 
TSCa <TC l sQC2-'re2*QC l > /( 9C2-QC t > 
WRITE<6,2> TCl,TC2,Q.C1,QC2,111C 
CALL llAXCBRF.Q.,QBl,IllAX,12> 
CALL KIK<BP.EQ.QB2, UUft, 12) 

2 FOlUU.TC' TCl•'F15.1,6X,' TC2a'FIS.l,6X,' QCla'Fll.l,6X,' QC2•'Fll. 
•1,6X,' TBCa'F15. t/) 

TBl•TO< IPIAX> 
Tll2•T0( 111111) 
TBll"' C TJI I •QH2-TB2•QJI I ) / C QB2-QJU) 
"IUTEC6,3> TIU, TB2,CUII ,QB2, TBB 

3 FORMAT<' TBla'Flll.l,6X,' 'J'R.!a'Fl5.t,6X,' QJlta'Fll.l,6X,' QB2•'Fll. 
•I ,6X, I TBB= 'FUS. I/) 

CALL LINTC69. ,CDEC,TBC,CDD, 16) 
CALL.LINTC45 .• BDEC,TBH,BDD,16> 
TCT=QC2/CTC2-TBC>•CDD 
'JllT:l:QD2/(Tl3B-TD2>*BDD 
11~1TEC6 ,4) CDD, BDD, TIIT, TCT 

• FO:'UfAT(. c~o~·rt5.l,6X,' BDDs'F15.l,6A, 1 T11'J's'FIS.l,6X,' 11:1'•' 
•Fl:' .• I/) 

5 FOllHATV/18", 'THE AJOfUAL BEATIRG ARD COOLl'lfC REQUIREMEJh' UAL\'818 
*CALCULATED BY THE VARIABLE DEGREE-DAY l'IETDOD'/SIX,'TBC: BA.LAftCE PO 
*llfT FOR COOLI'lfG'/!§IX, 'TBR: BAIAI'CE POllIT FOR BEATlllC'/) 

RETIJRK 
END 



..... ~ 

" 

Q9Q9o.9•CORSP6(1).LIRTC3) 
I 
2 
:J 
4 
3 

• 7 
8 
9 

•• II 
12 
13 
14 
II 
16 
17 
18 
19 
2e 
21 
22 
23 
24 
25 

! 26 n 1 27 ! 28 en 29 
~ 38 

c SUBROtrrrn LIJfTC x. Y,XX. YY,.H} 

THIS ROtrrlm: oor.s 11IE LlftEAJ\ lllTERPOLATIOft BETia:EJI TWO COlfBECUTl\1~ Ponrrs. DI l'IEJfS 101' YCIO 
Xl=X 
XR=-X+<W-U 
IF<XX.CE.Xt.Alm.XX.1.£.XR> CO TO 6 
IFCXX.C'f.XJO CO TO 7 

Z=-C Xl-XX>/C XI+ I . - XX> 
YY=<Z*YC2)-Y(l))/{Z-l.) • Al.SO tilORICS roR l!XnlAPoLATIOR G9 TO 5 

T Z=CXX-Xlf)/flOC-XK+J.> 
YY=- < YC 1'> -YC N- J) •Z) /( I. -Z> 
CO TO S 

6 DO 4 1• t.• 
Xl•X+< 1-t> 
X2•X+I 
1rcxx.n:.xu co TO 1 
YY•Y< I> 
CO TO I 

I Jr< XX. KE. X2> CO TO 2 
YYzY< l+I> 
CO TO S 

Z IF<XX.LT.Xl.OR.XX.Cl'.X2) CO TO 4 
ZI= C XX-XU/( X2-XU 
Z2=Y< I+ 0-Y< I) 
YYz:Yc l>+Zl•Z2 
CO TO 5 

4 CORT I 1'UE 
5 llETUIUf 

ERD 
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/ 1:J!• I 

r 
f 
l 

l 

QSQIQl•COftSP6(1).JIAX(J) 

n1 
t': 

.4.)r 

;. 

~ 

I SUBROtrrJIQ: JllAX( A • .UWC. lll&X, ft) 
. !? DIMENSION Ano 

3 C l•ITIALIZE .tJ1AX m FIMT 1'01'- ZDO VALUE UD llUX TO ITS SUBSCRIPT 
· 4 DO 3 lfzl.11 

S IF( AU'O • R£. e. i CO TO 2 
6 3 COlrrl!fUY.. 
7 2 AJIAX:zA<JD 
8 INAX"ft 
t DO I l=.11,R 

le IF<A<lt.Ee.e . > CO TO l 
II I re A< .... LE. AlfA.'O co TO I 
12 AMAX:r.M U 
13 IJIAX:o I 
14 1 corrurni: 
II ftETUM 
16 . DD 

~ 

• 

l . 

t" 
.,.::. ... ·~ . ..... 
·I< ·· 

'"{f 
f .. 
.,. 
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' . . 
QSQil09*COftSP6Cl).KIR(t) 

l SUBROUTl!fE PllBU.,AJllR, llHR,IU 
2 Dll'IENSIOM ACN) 
3 C IRITIALIZE AKIB 1D FIRST ROB-ZERO VALUE A1'D 11'111' TO ITS SUBSCRIPT 
4 DO 3 11=1,R 
• IF< AUD • n.e.) 00 TO 2 
~ 3 CORTllWE 
7 2 AKl"=AUD 
8 IKl,.=11 
9 DO I J:oJl,1' 

18 IF(A(J}.l:Q.9.) GO TO I 
II IF<A(J).CE.AJllJfl 00 TO I 
12 AJUl11:At U 
13 I 11'1:[ 1 : I 
14 I CORTIPIUE 
1$ i RETtllm 
16 I DD 

DD PRT · 
I 

•PACI:, P mKsff. i 
EllD PREP . QSQ:SQl*C01'1SP6< 1> 39 REL 39 l!R'll\Y.Jr{.S)_JIO DOP<Sl 
DD PACX. 'J'EXT:2:J, TOC"'2.SYll=49, RE.L.c 39 

•KAP, IJf 
KAP HRI 874Tll 96/92/89 141t&et26 

~:DD l'IAP. ERRORS: 9 THIE: 18.GS6 STORAGE: 17'192/S/836777/e75777 

~ ftlrI' 



C: ITY 1'fAJllE : WASBl1'fCTOlf DC 
BOUSE NAME: HASTINGS ROUS~ 

11'Ptrr DATA LISTIKG 

I 96ff.9" 2 .1188 3 38.488 4 39.608 5 48. 188 6 117.589 7 67.788 8 76.288 9 79.908 18 7?.9~ 

11 72.288 12 68.988 13 58.288 14 48.288 15 35.600 16 37.388 17 45. 188 18 56.488 19 66.208 28 74.688 
21 78.788 22 77. 180 23 78.688 24 59.800 25 48.800 26 37.408 27 78.888 28 78.888 29 78.800 38 78.880 
31 78.888 32 78.808 33 78.800 34 78.888 35 78.000 36 78.880 37 78.888 38 78.888 39 65.8~9 40 65.898 
41 65.808 42 65.080 43 78.808 44 78.008 45 78.808 46 78.008 47 78.888 '68 65.08~ 49 65.808 50 65.0e;, 
51 1.888 52-9999.888 53-9999.088 54 9.988 55 10.488 56 18.900 57 18.588 58 9.288 59 8.700 60 8.188 
61 6.888 62 8.280 63 8.500 64 9.280 65 9.488 66-9999.808 67-9t99.888 68 188.808 69 38.508 78 .288 
7128234.888 72 55.188 73 .808 74 1.138 75 .888 76 278.898 77 .oee 78 .888 79 . 108 841 .8G8 
81 .888 82 72.888 83 .808 84 1. 138 85 .888 86 98 . 088 87 . ~~v 88 .080 89 .180 90 .800 
91 90.888 92 .758 93 1.888 94 78.888 95 78.888 96 78.888 97 78.008 98 78.088 99 ~8.808 100 79.889 

1•1 78.888 182 78.808 183 78.888 184 78.888 185 70.880 186 .000 rn7 .808 188 1.008 189 19.000 110 .888 
~ t 111 .988 112-9999.800 113-9999.808 114-9999.088 115-9999.888 116-9999.808 117-9999.888 118-9999.688 ll~-9999.808 120-9999.~08 

121-9999.888 122-9999.880 123-9999.808 12~ • 108 125 244.988 126 1.088 127 18.808 128 .008 J29 .90~ 130 .160 
131 248.88'\ 132 I.808 133 18.008 134 .000 135 .900 136 • 188 137 248.000 138 1.000 139 18.000 140 .V09 
141 .900 142 • 180 143 :?48.090 144 1.099 145 .900 146 .008 147 88.888 148 68.080 149 .800 150 .009 
151 .908 152 .208 1:;3 .625 154 1.000 155 1.000 156-9999.080 157 37.t80 158 3.000 159 .{l;)0 160 ... .,e 
161-9~99.009 162 .108 163 75.800 164 6.008 165 9.880 166 1.808 167 I. 000 168 148.800 169 60. (1()0 170 62.090 
171 64.101 172 66.000 173 67.808 174 68.080 175 67.080 176 66.808 177 65.001) 178 64.000 179 62.808 180 61.808 
i81 .808 182 .080 183 .890 UM .008 185 .808 186 1.798 187 3.009 188 116.400 189 260.490 190 846.900 
191 588.888 192 1208.008 193 1288.888 194 1.000 195 . 3.898 196 .164 197 .000 198 1. 060 199 .108 201} .080 
281 20.888 282 1.000 203 588.&08 204 580.000 205 1.008 206 .516 207 .553 208 .524 289 . 516 21<• .528 
211 .586 212 .464 213 .460 214 632.488 215 981.500 216 1255.008 217 1688.400 218 1846.800 219 2080.800 220 1929.988 

C1 221 1712.288 222 1446.100 223 1983.400 224 763.500 225 594. 188 226 .670 227-9999.800 228-9999.008 229-9999.000 230-9999.808 
231-9999.088 232 2.188 233-9999.800 234-9999.800 235-9999.888 236-9999.800 237-9999 . 000 238-9999.C00 2n~-9999.008 24G 2.808 

Cll 241 28.801 242 20.008 243 20.080 244 20.908 245 20.009 246 68.009 247 60.000 248 68.000 249 60.009 250 20.898 
Cll 251 20.000 252· 28.800 253 20.000 254 20.008 255 20.080 236 20.000 257 20.000 238 60.908 2~9 60.000 260 60.890 

261 68.008 262 28.008 263 20.809 264 20.090 265 69.000 266 67.008 267 63.008 268 68.000 269 72.000 270 73.88& 
27~ 75.088 272 79.888 273 80.808 274 79.080 275 73.000 276 71.800 277 ~4.080 278 a2.0PO 279 49.000 280 47.000 
2·9i U.808 282 52.008 283 52.800 284 54.009 283 55.808 286 51.800 287 52.008 288 37.000 289-9999.0~0 29~ .080 
2~• .908 292 .498 293 28.808 294-9999.000 295 .000 296 .000 297 .008 298 .000 299-9999.00~ 300 .~88 
381 .880 302 .e00 383 .800 384-9999.009 385 .008 386 .090 397 .468 308 .oc.o :>0~ 1.000 310 48.800 
311 .088 312 .023 313 .800 314 .000 315 62.000 316 41.000 317 148.800 318 176.00'> 319 100.000 32~ .578 

·~. I 321 .030 322 1.460 323 .uo9 324 .570 32:i .800 326 1.460 327 mo . eetf 328 .570 !i29 .000 330 l.4t8 
331 .008 332 1.460 333 .000 334 4. 100 335 18.009 336 .000 3e76400e.eee 
1fl1'fDOW m:.\T CAl1' ROtrrlNE COMPLETED 
SOLAR r.m:n.GY trrlLIZATION ROtrrlNE COMPLETED 
JIWILTRATI01' BEAT CAIN ROtn'INE COMPLETED 
WALL PIEAT G.U1' ROtrrlNE COMPLETED 
DOOR BEAT C .. :..!1' ROtrrINE COMPLETED 
CEILl.fiC ICUT \;\lN ROtrrllfE COMPLETED 

CALCULATION OF U VALUE FOR GROU1'fD VITB FIUI RF.818TA1'CE ABOVE 
~· i 

C:ALC. FROM TDIPERATIJRE 11'fPt:rr ( Cl\LC. Fl\Oft IIEAT FLOW 11'fPtrr 
WIDTH LE1'CTR ARI:..\ Pr.Riff F G EDGE DIST. LMmDA FILPI R u . R= l/U-F IUI R L~LAHBDA*R u R-= l/U-FILK !I. L• Lf. !'!BDh~ 

40.8 3•.e 1200.0 140.0 12 16 .... 1.803 18.00 .847 It. 146 11. 146 .040 14. 71~ 14.713 
SLAB OR GRADE ROUTIM. C:Ot!P 1 .~TF..D 
CRAWL SPACE ROUTINE l:Ol'IPLETED 
FLOOR HF.Al GAIN nour ;NE CO!'IPLETED 
JNTEH.NAL HEAT CAIN f;OUTINE COrtPLETED 

\ 



ADDAL SmuwtY 
-----------·--

J r !I A K J J " 8 0 " D 

TIO ·re.ee Te.e8 78.88 78.88 78.ff 78.89 78.M 78.88 78.ee 78.88 78.98 78.08 
TIR t)lJ.H 6lJ.88 6:J.88 6:J.ee 78.88 78.89 78.88 71J.ee 78.88 65.ee 6'.98 fj:J. 88 
TOD 3g.49 39.68 48.18 57.58 67.70 76.28 79.98 77.90 '1'2.28 68.98 H.26 48.2~ 
TOR 32.f.8 33. 813 42.18 il!I. 38 64.78 73.ee 77.H 7~.38 6-9.80 !IB.78 411.88 34.68 
HRDAY 9.747 10 .86 12 .84 13.31 14.38 14.72 14.33 1.1. 32 12.97 18.82 9.733 9.27!1 . r HRl'IT 14. 23 13.14 J 1 . 96 18.69 9.699 9.275 9.~7"3 H: .68 11. 93 13. 18 14.27 14.72 

-~ XID1'S 8!52.8 988. J 897.6 788.1 686.9 672.2 698.8 82~?.2 1842. l 1!18. 1187. 948.7 
XIDDS 200.4 288 . 7 372.7 466.2 522.9 347.6 525. I 469.2 3B4.3 293 .6 213.7 179. I 
XIDTW 386.!I 533. 1 706.3 868.4 911. l. 2 1833. 991. I 913.7 199.9 6;J&.8 466.2 372. l 
XIJJDV 208.4 2Be.7 372.7 466.2 :I~!".,:..~ 347.6 52!1. l 46'l .2 3.84.3 293.6 213.7 179. 1 
XIDTJI 288.4 288.7 372.7 479.3 ;·10.3 642.3 584.7 462.!I :J.B4 .3 293.6 2ta.7 179. 1 
XIDD1' 288.4 2Be.7 372.7 466.2 322.9 547.6 325. I 469.2 3.84 . 3 293.6 213.7 179. 1 

I 
XIDTE 386.:S 533.1 786.3 868.4 958.2 1853. 991.1 913.7 7'}9.9 630.8 466.2 372. 1 
XIDD£ 208.4 2Be.7 372.7 466.2 522.9 :S47.6 525.1 469.2 3S4 .3 293.6 213.7 179. 1 
QID - . 1678+85 -.1798+8!1 -.1323+8!1 -7872. -6.,17. -922.9 87:S.8 -38. !16 - 21S54. -3661. -8794. - . 14.:;2+8!1 
Ql1' -.2380+8:5 -.2138+83 -. 1373+85 -4418. -5269. -161:S. -15:S.6 -524.8 - 3 .. 20. -308!5. -.1238+8~ -.2352+83 
Q\'I) -.2328+83 -.2390+8:S -. 1389+83 -3883. -436.6 .1689+85 .2047+85 .1698+e:S fi •·•47. 2294. -8836. -.2(102+85 
QW1' -.446:S+8:S -.3633+8!1 -.2666+8!1 -.1809+85 -.1235+83 -4512. -478.6 -1767. -. 1043+85 _qq76. -.2665+85 -.4~ss+es 
QliD -2724. -2823. -1926. -784.:S -423.4 ll:S7. 1556. 1e:u. -6 902 7. IS -1512. -2445. 
WHf -4498. -3863. -2683. -1817. -1264. -454.3 -47.48 -177.9 -1 033 . .3.3 -26M. -438'1 . 
QCD -. 1218+8!1 -.1172+83 -4984. 2383. 4'}58. • 16US+85 • 1749+85 . t4:?8+·e:s 6067. 2109. -4030. -. 1879+83 n QCft -.2383+85 -.2855+05 -.:463+0!1 -6848. -7219. -3252. -1221. -1937. -6!123 . -5207. -.14a~+85 -.233~+85 
QGD 6141. 8458. .2141+8:5 .3359+83 .35H+85 .5451+85 .6135+15 .s9:s1+e:s .fi689+83 .5~73+85 .3680+85 • 147 l+-05 

UI QC)'( -.6591+85 -.5662+03 -.3935+85 -.1498+8!1 -.1853+85 -6661. -694.6 -2608. -. l 543+8~ -.1192+85 -.3934+85 -.6429+05 
0) QFD -1115. -1143. -11!16. -1142. -.5255-83 -.5418-83 • 8680 - . 4894-83 - . ~l433-03 - I I 4j . -1115. -1096. 

QF)'( 1115. 1145. 1156. 1142. -.3564-83 -.3488-83 .8888 -.3924-03 -. ~383-83 1145. 1 J 1:5. 1996 • 
QRD .2479+03 .2762+85 .3861+85 .3384+8:5 .3637+05 .3744+85 • 3643+85 .3387+05 . ~068t85 . 2733+85 .2475+85 .2359+85 
QM .3926+05 .3620+85 .3296+0:5 .2~46+8:S .2672 .. 83 .25:S3+8!1 .2663+8:S .2942+0:S - ~288+0!1 .3638+03 .3938+0!1 . . 4057+05 
SCD .~79!+8!1 .6422+85 .6813+85 .6686+83 .6386+83 .6703+0!1 .666?2+83 .6863+0:1 . ?'693+05 .7917+05 .7319+05 .6254+85 
zx: CJ45.2 544.9 548.9 532.2 531.6 525.3 522.9 !H9.6 3:1;7. 2 t'l27.9 536.3 543.3 
Z1C 545.2 544.9 G48.9 533.2 531.6 525.5 522.9 519.6 5 27.2 5:?7.9 536.3 54.-3.3 
DHCD 3.381 3.654 11 . 96 14.87 .8889 .0008 .0080 .0000 .0000 .0000 14.27 3.603 
DBW .0000 .8000 J2 .94 13.3J .0088 .0000 .8008 .0000 .0000 8.404 9.733 .6000 

I PUB 2.000 2.800 2.000 2.008 2.800 2.000 2.000 2.000 2.000 2 . 000 2.300 2.oeo rm.mm .0000 .0000 .0000 .0000 .0000 .8000 .0008 .0000 .0000 .2177+85 .0000 .c000 

l PICKUP -.4315+05 -.4247+85 .0000 .0888 .8000 .8000 .00{18 .9000 .0030 .f)0~0 .0090 -.'1202+05 
CLD .8808 .(1086 .0000 .8000 .6989+15 . 1244+06 .1382+86 . 1256+86 .9753+(J5 . 1820+85 .0000 .0000 
Cl.ft .0808 .0000 • 0000 .9088 .0900 90!18 . .2486+85 .2236+05 . 0008 .5061+03 .00a0 .0000 

f HLD -.1642+05 -.1421+05 .0000 .0000 .0900 .0000 .8080 .0080 .0080 .eeoo .0000 -6'175 • 
I HLl'f -.IQ25+86 -.1726+86 • 0808 2284. -. l&I J+05 .0000 .8888 .eoeo -4295. .~000 .C000 -. 1855+06 
! 

QTD -.2513+0:5 -.2142+05 .1683+85 .:S764+03 .ti989+o::; .1244+86 .1382+06 • 1236+06° .l)753+03 .8141+0::; .3566+05 -.10s9+0; 

QTR -.1235+06 -.1034+05 -.6296+85 -5854. -. 1811+05 9058. 
HEAT LOSS & HEAT CAIN IlOUTJNE COMPLETED 

.2496+05 .2236+03 -4!?95. 8338. -.5558+85 -.1174+0~ 

RLHG .26u3+85 .2714+05 .3059+05 .3779+85 .4413+05 -.1221-83 .1059+05 -.1221-03 -.1221-03 .4343+05 .34123+05 .2762+05 
CSDUPI COMPLETED 
ASDUPI COMPLETED 
BMDUPI COMPLETED 
OSDUPI COMPLETED 
BEATllfG 8 COOLING REQLJREHENT ROlrflNE COMPLETED 
ENERGY REOUlllEHE!fT ROl'TINE CO~!PLETED 

"' " ' 



.\ 

\ 
\ 

[ 

J r II 

llREQ -.6215+07 -.4919+87 .8eee 
cr.m . eeee . ee08 • oeee 

~ 

.8eoe 

.0088 

II 

.ff88 

.8899 

AJU'tUAL SUPll'IARY 

J J A. s 0 

.8898 .0800 ..... .8088 .00~0 

.4485+17 .5893+87 .5845+87 .3218+17 .0~~8 

1' 

.0809 

.8'380 

2"·" TBT= -.1673822+88 TCT= .1B5616:J+8G 

3 SRB'!'U = -.5993+88 SCBTU s .8839+87 
SHBro = -59929121. scero"' 8838883. 

TBnJ:a 6876BeH. 

TliE AmmAL BEATIRG .A1'D COOLIRG REQUIREMERT ARAL\'SIS CALCULA.TED BY THE VA.RIABU: DEC:U:E-DAY llETBOD 
TDC: BALA1'CE POllIT FOR COOLIRC 

'I'CI"' 

THI" 

CDD• 

'Z'0.6 

37.3 

2232.9 

TC2a 

TB2:z 

BDDa 

78.7 

35.6 

1341.8 

TBH: BALAJfCE POllIT FOR HEATIRC 

QCl= 

QBla 

187282.7 

-1715663.6 

'J'BT2 -19588311.8 

QC2s 

Q112:11 

TCTa 

198112.8 

-289496.4 

22832792.8 

Alfl'fUAL Bl.AT LOSS THROUGH R0~-1.DDITlOl'IAL JACKET ll'ISULA.Tl01' OF HOT WATER TAl'IK : -.6155+87 
:') di.UAL BEAT ?.OSS THROUGH A.DDITIOl'IAL JACKET lftSULATIOl'I OF BOT WATER TANK : -.6135+87 
·~UAL DERCY SAVING BY ADDITIOlfAL ll'ISULATIOR OF HOT WATER TARK : - .0098 

11 An11~.L BOT WATER REQUIR1".l'IEJIT, Jl'ICLUDI!fC JACKET BEAT LOSS : -.2341+88 
.. .U.HUAL BOT WATER RF.QUIRr:HE1'11°,EXCLUDIJJC JACKET BEAT LOSS 1 -.1726+88 

AN!fUAl. JIEA.T CAllf THROUGH DUCTS 8 PIPES FOR SPACE COOLl1'G : 
0 

.9998 
ARlfUAL BEAT LOSS THROUGH DUCTS .. Pl:PES FOR SPAC:t: HEATllfG : .eeee 

eBRJ:PT PnlIIT8 

., 
·. 

TBC2 

TBH= 

D 

-.5604+07 
.0~00 

60.1 

49.3 

• 



.· 
APPENUIX D 

ELEMENTS OF DATA STATEMENT IN MAIN PROr.RAM 

Number• V;,riable Type Comment& Units Meaning 

B(l) v F ft 3 Volume (L*W"H) of Heated Living 
Area 

8(2) ACRM F Tight • .5 AC/hr Standard Air Leakage Data 
Average • 1.0 
Leaky • 1. 5 
Very Leaky • 2.0 

8(3-14) TOD(X) F( 12) deg F Daytime Outdoor Temperature (~lonth) 
1-~ 
\ 

8(15-26) TOT(X) F(l2) deg F Daily Temperature (Month) 

8(27-38) TID(X) F(l2) deg r Daytime Indoor Temperature (Month) 

B(39-50) TIN(X) F(lZ) deg r Nighttime Indoor Temperature (Month) 

8(51) lACNV l O-Never open windows 
l~pcn windows in swnmer 

when temp. < thermostat 
setting 

Default • 0 

8(52) Xl r Unused ' 
B( S'l) X2 F Unused 

B(S4•65) WS(X) F(l2) mrh Wind SpHd 

8(66) X3 F Unused 

8(67) X4 F Unused 

8(68) ORTI r o.o • 359.0 dea Orientation from eouth of window/ 
wall/door No. l 

1(69) XI.AT , deg Latitude (NQrth) 

* Number shows position of element at data •tatement in main program. 

D-1 

) 

---.=-o::-;;;;-.;;;.-.__ ... -.___ ..,_.. - - ---- ··--· . --~._.----· -· -
-~ _. .• ---- -· -·----· 

/ ' 



Number 

8(70) 

8(71) 

8(72) 

8(73) 

8(74) 

8(7S) 

8(76) 

8(77) 

1(713) 

8(79) 

8(80) 

8(81) 

1(82) 

1(83) 

1(84) 

Variable Type 

RP.O F 

ZIP I 

AGl F 

SCl F 

UGl F 

SH"™l ' 

ORT2 F 

AG2 p 

SC2 p 

UG2 p 

SHADW2 p 

ORT3 F 

AG3 F 

SC3 F 

UGE ' 

* Btuh ~ Btu/hr f t2 P 

Comments 

0 .2 • Dark 
0.4 • Medium 
0.6 • Lit!ht 

Default • 0.55 Lf 
Shades Else 0 

1.13 • Single Glaze 
0.55 • Double Glaze 
Default • 1.13 

1.0 •All Shadow 
0.5 • Part Shadow 
0.0 • No Shadow 
Default • 0.0 

o.o - 359.0 

Default • 0.55 if 
Shadu Else 0 

1.13 • Single Glaze 
0.55 • Double Glaze 
Default • 1•13 

1.0 •All Shadow 
0.5 • Part Shadow 
0.0 • No Shadow 
Default • O.O 

o.o - 359.0 

Defa"lt • 0.55 If 
Shades Elu 0 

1.13 • Single Glaze 
0.55 • Double Glaze 
Default • 1.13 

Units 

deg 

ft2 

Btuh 

deg 

Btuh 

•11 the U valu~s hereafter will be expressed in this unit 

l>-2 

~----·----~ ·~-

Ground Surface Reflectance 

7.ip Code 

Window 1 Area 

Window 1 Shading Coefficient 

Window l U Value 

llindow 1 Shadow 

Orientation from South of Window/ 
Wall/Door No. 2 

Window 2 Area 

-indow 2 shading coefficient 

Window 2 U value 

Window 2 Shadow 

Orientation from South of Window/ 
Wall/Door No. J 

Window 3 Area 

Window 3 Shading Coefficient 

Window 3 U Value 



~umber Variable Type 

11(85) SllADW3 F 

11(86) ORT4 F 

8(87) AG4 F 

8(88) SC4 F 

8(89) UG4 F 

8(90) SHDW4 F 

11(91) Ill' IL Tl F 

B( 92) SA F 

8(93) SB F 

8(94-105) TE(X) F(l2) 

8(106) SUF F 

8(107) AS y 

8(108) X.5 F -

8(109) X6 F 

8( 110} WALJ.11 F 

Comments 

1.0 • All Shadow 
o.:; • Part Shadow 
o.o • No Shadow 
Default • 0.0 

o.o - 359.0 

o.o - 35!1.0 

Default • 0.55 If 
St;ades Else 0 

1.13 • Single Glaze 
0.55 • Double Glaze 
Default: • 1.13 

1.0 - All Shadow 
0.5 • Part Shadow 
o.o • No Shadow 
Default • O.O 

Default - 50.0 

High Performance • 0.8 
MediUlll Performar>.ce • 0.75 
Low Performance ~· o. 7 
Default • O. 7 

High Performance • 1.2 
l1ediu111 Performance • 1.0 
Low Performance • o:a 
Default 0.8 

Default • 70.0 

Default •LO 

Default • o.o 

Default • 1.0 

Default • lO.O 

Huch • 1.0 
Part - 0 • .5 
None .. o.o 
Default • 0.0 

0-3 

Units 

deg 

ft 2 

Btuh 

deg from 
horiz 

deg F 

ft 2 

ft 

ft 

Meaning 

Window 3 Shadow 

Orientation from South of Window/ 
Wall/Door No. 4 

Window 4 Area 

Window 4 Shading Coefficient 

Window 4 U Value 

Window 4 Shadow 

Solar Collector Tilt Angle 

Solar Collector Efficiency (Y Axi s ) 
(Ab&orption Factor From c:as3) 

Solar Coll~ctor Efficiency (X Axis) 
(Water Temp - Outdoor Temp)/Solar 
Radiation 

Inlet Fluid Temperature to Solar 
Coller.tor (llonth) 

Sollar Collector Utilization 

Solar Collector Area 
• 0 to Signal No Sollar Collector 

Roof overhang projection ov&r 
wall 1 

Height of wall . 1 

Wall l Shadow Factor 



i 

Number Variable Type Comments 

B(ll) WALL14 

B(ll2-12:!) X7 

B(l24) 

B(l25) 

B( 126) 

B(l27) 

B(l28) 

8(129) 

B(l30) 

8(131) 

B(l32) 

B( 133) 

WALL15 

WALL16 

XS 

X9 

WALL 23 

WALL 24 

WALL 25 

WALL 26 

XlO 

Xll 

F Dark • 0.95 
Medium • O. 7 
Light • 0.4 
Default • 0.4 

F(l2) Unused 

F 

F 

F 

F 

F 

F 

F 

F 

F 

., 

Wood Insulated • 0.07 
Wood Uninsulated•0.23 
Masonry Insulated-0.13 
Masonry Uninsulated-0.29 

Default • 1.0 

Default • 10.0 

Much • 1.0 
Part • 0.5 
None • 0.0 
Default • 0.0 

Dark • 0.95 
Medium • o. 7 
Light • 0.4 
Default • 0.4 

Wood Insulated-0.07 
Wood Uninsulated-0.2) 
Masonry Insulated-0.13 
Masonry Uninsulated•0.29 

Default • 1.0 

Default • 10.0 

D-4 

.. 

Uni::s 

Btuh 

ft 

ft 

Btuh 

ft2 

ft 

ft 

Meaning 

Wall 1 Surface Absorptivity 

Wall 1 U Valut! 
U of Mobile Home • U of Wood 
Insula~ed Home 

Wall 1 Area 
Excludes Windows and Doors 
0 if Attached 
Includes Above-Ground B~sement 
Wall Area 

Roof overhang projection over 
wall 2 

Height of wall 2 

Wall 2 Shadow Factor 

Wall 2 Surface Absorptivity 

Wall 2 U Value 
U of Mobile Home • U of Wood 
Insulated Home 

Wall 2 Area 
Excludes Windows and Doors 
0 if attached 
Includes Above-Ground Basement 
Wall Area 

Roof overh~ng projection over 
wall 3 

Height of wall 3 

.· 



Number 

B(l34) 

B(l35) 

B(l36) 

B(l37) 

B(l38) 

B(l39) 

B(l40) 

B(l41) 

B(l42) 

1(144) 

Variable 

WALL 33 

WALL 34 

WALL 35 

WALL 36 

Xl2 

Xl3 

WALL 43 

WALL 44 

WALL 45 

SOGPRC 

Type 

F 

p 

p 

F 

F 

' 
p 

' 

F 

r 

Comments 

Huch • 1.0 
P"rt • 0.5 
None • 0.0 
Dehult • Q.0 

Dark • 0.95 
Medium• 0.7 
Light • 0.4 
Default • 0 .4 

Units 

Wood In•ulated•0.07 Btuh 
Wood Uninaulaled-0.23 
Masonry Insulated•0.13 
Masonry Uniaaulated-0.29 

Default • 1.0 

Default • 10.0 

Huch • LO 
Part • 0.5 
None • o.o 
Default • 0 .O 

Dark • 0.95 
Heciium • o. ·1 
Light • 0.4 
Default • 0.4 

ft 

ft 

Wood Insulated•0.07 Btuh 
Wood uninsulated-0.23 
Haaonry Inaulated•0.13 
Masonry Unineulated-0.29 

0.0-1.0 (SUH B (144-146) 
• 1) 

D-5 

Meaning 

Wall 3 Shadow Factor 

~all 3 Surface Absorptivity 

Wall 3 U Value 
U of ttobile Home • rr of Wood 
Ins•.ilated Home 

Wall 3 Area 
Exclud_~ Windows and Doors 
0 if Attached 
Includes Above-Ground Basement 
Wall Area 

Rocf overhang projection over 
wall 4 

Height of wall 4 

Wall 4 St.adow Factor 

Wall 4 Su~face Absorptivity 

Wall 4 U Value 
U of Mobile Home • U of Wood 
Insulated Home 

Fraction of Ploot Which is SOG 

I 
/ 



Number Variable 

8(145) CRWFRC 

8(146) BSMFRC 

8(147-148) Xl4 

8(149) 

8(150) 

8(151) 

8(152) 

8(153) 

8(154) 

8(155) 

8( 156) 

8( 15 7) 

8(158) 

8(159) 

ROOF4 
(ANATT) 

ROOFl 

ROOFZ 

ROOF3 

AEWH 

SOi.ffiJ 

SOLSll 

X23 

AW 

ACAT 

UCEIL 

Type 

F 

F 

Comments 

0.0-1.0 (SUM 8(144-146) 
• 1) 

0.0-1.0 (SUM 8(144-146) 
• 1) 

F(2) Unus~d 

F 

F 

F 

F 

I 

I 

I 

F 

F 

F 

Default • 0.0 

Default • 0.0 
1.0 " All Shadow 
0.5 ·• Part Shadow 
0.0 • No Shadow 

Default • O. 9 
Dark • 0.95 
Medium• 0.7 
Light • 0.4 

Default • 0.2 
0.55 With Vented or 

No Attic 
0.2 With Unvented Attic 

Default • 4 .• o 

0 • Not Used for Hot 
Water 

l • Is Used 

0 • Not Used for Hot 
Heating 

l • Is Usei:I 

Unused 

20.0 • Attic Fan 
6.0 • Soffit Vent and 

Ridge Vent 
J.O • Cable Vent 
0.0 • No vent 
Default • 3.0 

Default: • 0.1 

D-6 

Units 

Btuh 

ft 

ft 2 

AC/hr 

Iltuh 

' ; 

Meaning 

Fraction of Floor Which is 
Crawl Space 

Fraction of Floor Which is 
Basement 

Non-Attic Roof Area 
(AFLOOR - ATFLR) 

Roof Shadow Factor 

r.oof Absorptivity 

Roof U Value 

.'.ttic End IJall Height 

Use of Solar Collector for Hot 
Water Heating 

Use of Solar Collector for 
Space Heating 

At•1c End Wall Area 

Air Chnng .... jjar ~our 

Ceiling U Value ~ Only When 
There is an Altic 

\ 
\ 



~umber Variable 

8(160) AEW5 

B(161) 

8(162) 

8(163) 

8( 164) 

8(165) 

8(16 7) 

8(168) 

Xl5 

UFLRI 

NS TART 

NLAST 

INOEXC 

ZL 

8(169-180) TG(X) 

8(181) 

B( 182) 

8( 183) 

8( 184) 

8(1S5) 

8(186) 

8(187) 

8(186) 

8(189) 

ACCS 

UFT...R2 

UCLW 

HCL 

A\ICL 

NPD 

t\"PN 

WTD 

WTN 

Type Comnients 

F Default • 0.25 

F 

F 

F 

I 

I 

! 

I 

F 

F(l2) 

F 

, 
F 

F 

F 

I 

1 

r 

F 

Same aa W4ll U 8(124) 

Unused 

Default • 0.30 

Default • 75.0 

1-12 

1-12 

0-Attie i= T~~~ C-~n~~~ll~d 
1-Attic Not Temp Controlled 
• l If there ia an Attic 

Ehe 0 

0 • Baaeaent Heated 
1 • Basement Unheated 

O.O • Unvented 
3.0 • Vented 

Default • 0.30 

Default • 0.25 

Default • 3 

Default • 3 

Default • 0.097 * ft 2 

Default • 0.217 * ft 2 

D-7 

Units Meaning 

Btuh Attic End Wall U Value 

Btuh Floor U Value (Floor Above 
Basement) 

gal/da~ Hot Water Usage 

ft 

deg F 

AC/hr 

Btuh 

Btuh 

ft 

ft 2 

watt 

First Month of Cooling 

Last Month of Cooling Season 

Attic Temperature Control Index 

Basement Temperature Contl·ol Index 

Expo1ed Perimeter Length of SOC 

Cround Temperature (Month) 

Crawl Space Air Change/Hour 

Crawl Space Floor U Value (Floor 
Above Crawl Space) 

Crawl Space Wall U Value 

Crawl Space Height 

Crawl Space Wall Arca 

Daytime Occupancy 

Nightille Occupancy 

Averase Daytime Lighting 

Average Nighttime Lighting 

" 



~11tr1twr Varlahle TyJW' C .. Mnta Unlta Ho!anlng 

II( I 9U) 11rn F 0.fault • 0.705 • tt 2 wtt Average Daytime F.lectrlc Equipment 
For Cai Appliance, Uae Electric 
Equivalent Value 

II( 191) WEN r llltfault • 0.424 • tt 2 wtt Average Nlghtt ~z.':' Electric 
Equipment For C.1 Appliance, Use 
Electric Equivalent V~lue 

II( 192) noou , Default • 1200.0 ft 2 Floor Area (Flat Projection 
of llouae) 

B(l 93) ATFLR r Default • 1200,0 ft 2 Ar11a of Attic Floor 

B(l 94) U8W F Dehult • 1.0 lltuh B.aaement llall Heat Conductance 

8(19:>) ISYS l • Heat, No Cool Syate11 Indell 
2 • Cool, No Heat 
3 • Heat + Cool 

8(196) UFW r llltfault • 0,164 lltuh Ground Heat Conductance for Ila 11 

8( 19 7) 8WA F n2 Ba1ement \olell ArH 

8(198) UllF r Ila fault • 1.0 lltuh Ba1e.ent Floor Heat Conductance 

8(199) UFF r O.fault • 0.1 Btuh Ground Heat Conductance for Floor 

8(200) QBHG r 0.fault • o.o Btuh B.a1e.ent Heat C.in FrOlll Furnace 
and Other EquiJ19ent 

11(201) TIITC F Tabla on p•ae E-2 hr Then.al Ti .. Con1tant 
Dmfault • lS.O 

8(202) ZICS r 0.fault • 1.0 &tuh-f t Ground Then.al Conductivity 

11(203) DX r O.hult • soo ft Sida Di1tanca fro. Adjacent Houaa 

i(204) DY , O.fault • 500 ft Fronf to Back Dhtance from Adjacent Hou•e 

11(205) I , O.fault • 0.5 ft Wall Thlckneu 

8(206-213) \lllUHd 

11(214-225) H(X) P(l2) ltu/dey/ft2 Total Horizontal Solar 
ln80lat1on (Month) 

11(226) EH , Value • F(Fuel Err, ltod Heetinc Efficiency 
factor) 

11(227-231) 1(16) res> Unuud 

D-8 
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Numb.er Variable Type co-nte Unit a Meaning 

8(232) EC F Value • F(Fue 1 EFF, Hod Cooling Efficiency 
Factor) 

8(233-239} X(l7) F(7) Unueed 

8(240) X(l8) F Unused 

8(241-252) :tH(l, X) Default Sum11er m 50.0 * Indoor Daytime R~l Humid (Month) pct 
WIN • 20.0 If No 

Huaidifier 
F(2,12) WIN• 35.0 if + 

Huaidifier 

8(253-264) RH(2,X) sa- pct Indoor Nighttime Rel Humid (Month) 

Dl.,LC·_.,,~\ nnu IV' ... "'I"'' pd Vuicloor riol"ning i\e 1 iiumici (Hoit h) W\•v.1-e1v1 """ \A/ C\i~J 

8(277-288) llHA (X) F(l2) pct Outdoor Afternoon Rel Humid (Month) 

8(289) X(l9) F UnuHd 

8(290) DOORll F Same aa Wall Shadow Door 1 Shadow 

8(291) DOOR14 F Sa• a• Wall Abeorptivity Door 1 Abaorpthity 

8(292) DOOR15 r Default - 0.5 Btuh Door 1 U Value 

8(294) X20 r Unu1ed 

8(295) DOOR23 F Same aa Wall Shadow Door 2 Shedow . 
8(296) DOOR24 F Same aa Wa 11 Abeorpt ivi ty Door 2 Absorptivity 

8(297) DOC.ll.25 r Default - 0.5 Btuh Door 2 U Value 
/ 

8(298) DOOR26 F ft 2 Door 2 Area 
Exclude• Sliding Clase Doors 

1!1(299) X21 r Unueed 
' 

' 
8(300) DOOR33 r s ... aa Walt ShadO'll Door 3 Shadow 

8(301) DOOR34 r s .. a• Wall Abeorptivity Door 3 Abeorptivity I 

8(302) 000135 F Default - 0.5 ltuh Door 3 U Value I 
I 

8(303} DOOR36 F ft2 Door 3 Area I 
Exclude• Slidin1 Claes Door5 

* pct • percent 

D-9 
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Number Var:iable Type COllMnt• Uniu Meaning 

8(304) X22 r Unuaed 

8(305) DOOB.43 r s .. aa Wall Shadow Door 4 Shadow 

8(306) DOOll44 r sa .. aa Wall Ati.orptivity Door 4 Absorptjvity 

. spo7) DOOll45 r Default - o. 5 Btuh Door 4 U Value 

8(308) D00!\46 r ft2 Door 4 Area 
Exclude• Sliding Glass Doors 

8(309) I CHECK r Default - o.o • l To Get Debug Output From 
Thermodyn .. ic Hodel 

B(310) A.JAr r Default • 40 ft2 Total Jaclr.et Area 

I 
8(311) Dl ' Default • o.oa ft Thicltne•• of Exi•ting Insulation 

8(312) llAKl r Default • o.025 ltuh-ft Thermal Conductivity of the 
Above 

8(313) D2 ' ft Thicltneu of Additional Insulation 

8(314) llAK2 , • Default • o.02s ltuh-ft Thermal Conductivity of the 
Above 

8(315) TCSUPA r Default • 62 d1111' Supply Cold Air Temp. 

8(316) TCSUPW ' Default • 41.0 dea r Supply Chilled Water Temp. 
/ 

8(317) THSUPA , Default • 95.0 dear ;upply Hot Air Te•P· / 

8(318) TH SU PW r Default • ll3.0 dea r Supply Hot Water Temp. 
for Heat PU11p 
Default • 176.0 dear 
for loller 

8(319) ADUCTl r Default • 100 ft2 Surface Area of Duct in the 
CravY. Space 

8(320) UDUCTl ' Default • ltuh U V11lue of Duct in the 
1.46 If Not Inaulated Cr11vl Space 
0.15 If Inaulated 

D-10 I 
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NU111ber Variable Type Comment• Uni ta Meaning 

8(321) APIPEl F Default • 1.5 ft2 Surface Area of Pi~e in Crawl Space 

B(322) UPIPEl F Default • Btuh U Value of Pipe in Crawl Spece 
1.46 If Not lnaulated 
o.1s u lnaulated 

B(323) ADUCT2 F ft2 Surf ace Area of Duet in At tic 

B(324) UOUCT2 F Btuh U Value of Duct in Attic 

ft2 Surface Area of Pipe in At tic 

8(326) UPIPC::2 r Bt•Jh; u V: lt:: :~ !h.i\;t iu Attit: 

B(327) ADUCT3 r ft2 Surf ace Area of Duct in Basement 

B(J28) UDUCT3 r Btuh U Value of Duct in Basement 
s... •• the Crawl 

8(329) APIPE3 r 
Space 

ft2 Surf ace Arer of Pipe in Basement 

8(330) UPIPE3 r Btuh U Value of Pipe in Baaement 

8(331) ADUCT4 r ft2 Surface Area of Outdoor Duct 

11(332) UDUCT4 r ltuh U Value of Duct Outdoors 

8(333) APIPE4 r ft 2 Surf ace Area of Outdoor Pipe 

8(334) UPIP!4 r ltuh U Value of Pipe Outdoor• 

II( 335) AIIU.OS r Percentaae To Total pct Air Leakage Through Duct 
Air Flaw bte; 

/ Default • 10.0 
i" 

8( 336) CAPCl. r Default • 24000 ltu/h 
/ 

Capacity of Coolin& Equipment I 

8(337) CAP HT r Default • 64000 ltu/h Capacity of Heating Equipment 

R(l) SHITU r I tu/yr Annual Heetina Energy Requirement 
After Uein& !ner11 Proa Solar 
Collector 

R\1) SCl?U r Btu/yr Annual Spaca Cooling Eneray 
lequire-nt 

D-U 
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APPl::NDIX E 

Thermal Time Constant and Its Application 

The thermal time constant of a building is a parameter to indicate the 
speed of indoor temperature response to a sudden change of building heating 
and cooling operation. The heavier the thermal mass of a building, the 
slower its response, compared to 2 lighter building, to cool down or heat up 
when the building heating system is turned off and on, respectively. The 
thermal time constant is defined as a ratio between the equivalent thermal 
mass of the building and the building overall heat transfer factor. Whereas 
the overall heat transfer factor may be approximated by the heat transfer 
coefficients, U value, multiplied by the areas, A, of all the elements, 
such as walls, doors, windows, roof and floors, and the air leakage rate 
multiplied by the specific heat of air, the equivalent building thermal mass 
is rather difficult to ascertain. The building mass is distributed in a 
complex manner, with respect to its size and shape, position in the insulated 
structure, and floor interface with the earth. 

Although difficult to calculate, the overall building thermal time con­
stant can readily be determined by a simple cool-down test during a 
heating season baaed upon the following mathematical relationship. 

When the heating system and all the heat sources iu a house are suddenly 
•hut off during a steady c~ld night (outdoor temperature of To), its 
temperature would decay from the initial setpoint ot T

1 
according to 

the following equation: 

where 

HC* !!_ • -K* (T-To) 
dH 

HC over.all thermal mass, Btu/•t· 
K • overall heat transfer factor, Btu/hr, •F 
H • hour 

The thermal time constant, THTC, is defined as 

THTC •MC, in the unit of hour 
K 

The differential equation E-(1) become& then 

....£...--~ 
T:-To Tl:iTC 

E-1 

I ----
./- ---·-
/ .. 

i 
I . ------- , 

·-"· 

. .. - -- ---;1 
I ;.-/ 

I ---··­
·--- .. r · ·-

J::-(1) 

J::-(2) 
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which has a following solution: 

THTC • __ H __ 

T -T 
ln (......!__2.) 

T-T
0 

~-(3) 

Thu:. by measuring a logarithmic decay of the building temperatur~, from 
initial value of T1 to T during a time span of li hours, one can _·eadi!y 
calculate the value of the thermal time constant. 

According to Nash's dataZ/, typical THTC for residences are: 

l:f ohl" Medium u~~···· --g--- ...... J 

Weight Weight Weight 

One-story 
house 10 15 20 

Two-story 
houee 30 35 40 

When a building heat transfer process is simulated by a simple thermal 
capacity model, its temperature change may similarly be represented by 
the following first order differential equation 

MC* dT • - K* (T-To) + SPHG 
dH 

T • building temperature, •F 
To • outdoor temperature, •F 
MC • building the".'mal capacity, Btu/•F 
K • overall heat tr~nsfer factor, Btu/hr •F 
SPHG • total apace heat gain due to internal heat, 

1::-(4) 

henting systems, solar heat Kain through windows, 
and occurancy, Btu/hr 

• elapsed time, hour. 

J::-2 
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APPENDIX E 

Thermal Time Constant and Its Application 

The thermal time constant of a building is a paralllP.ter to indicate the 
speed of indoor temperature response to a sudden change of building heating 
and cooling operation. The heavier the thermal mass of a building, the 
slower its response, compared to e lighter building, to cool down or heat up 
when the building heating system is turned off and on, respectively. The 
thermal time constant is defined as a ratio between the equivalent thermal 
mass of the building and the building overall heat transfer factor. Whereas 
the overall heat transfer factor may be approximated by the heat transfer 
coefficients, U value, multiplied by the areas, A, of all the elements, 
such as walls, doors, windows, roof and floors, and the air leakage rate 
multiplied by the specific heat of air, the equivalent building thermal mass 
is rather difficult to ascertain. The building mass is distributed in a 
complex manner, with respect to its size and shape, position in the insulated 
structure, and floor interface with the earth. 

Although difficult to calculate, the overall building thermal time con­
stant can readily be determined by a simple cool-down test during a 
heating season baaed upon the following mathematical relationship. 

When the heating system and all the heat sources iu a house are suddenly 
abut off during a ateady cold night (outdoor temperature of To), its 
temperature would decay from the initial setpoint ot T

1 
accordin8 to 

the following equation: 

where 

MC* dT • -K* {T-To) 
dH 

MC • overall thermal mass, Btu/·~ 
K • overall heat tranafer factor, Btu/hr, •p 
H • hour 

The thermal time constant. THTC, i• defined aa 

THTC • HC, in the unit of hour 
K 

The differential equation E-(1) be~ome• then 

~. - . ..!!!!... 
r~To THTC 

E-1 

~,.-· _.,,,,.... ._,.,....· I _ ... - .--
.! • .. 

/ 
.:--~ 

E-(1) 

1::-(2) 
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which has a follo~ing solution: 

THTC • __ H __ 

T -T 
ln (~) 

T-T
0 

J::-(3) 

Thu:. by measuring a logarithmic decay of the building temperaturt!, from 
initial value of T1 to T during a time span of tt hours, one can ~eadily 
calculate the value of the the rma l time con~tant. 

According to Nash's dataZI. typical THTC for residences are: 

Light M"'d!um 1-:l~auv 
----' J 

Weight Weight Weight 

One-etory 
house 10 15 20 

Two-story 
houee 30 35 40 

When a building heat transfer process is simulated by a aimple thermal 
capacity model. its temperature change may similarly be represented by 
the following first order differential equation 

MC* dT • - K* (T-To) + SPHG 
dH 

T • building temperature. •F 
To • outdoor temperature. •F 
HC • building ther.mal capacity. Btu/•F 
K • overall heat tr~nsfer factor, Btu/hr •F 
SPUG • total space heat gain due to internal heat. 

t:-( 4) 

hecting systelll8. solar heat ¥&in through windows. 
and occurancy. Btu/hr 

• elapsed time. hour. 
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Gen~ral &olution to the above equation is 

where 

~-T 1 + To 

Q-T + To - e 

l:i 
THTC 

Q • SPl:iG • h<:at source constant, 0 1'' -K-

THTC • MC • thermal time constant, hr 
K 

T1 • value of T wnen H • 0, °F. 

E-(5) 

Equation E-(5) permits, for example, the determination of the ducation, 
DH, for which the house temperature reaches from the daytime set point 
TIO to the nighttime set point TIN, which is usually lower. 

Since Q is very small during that per1.od, referring to Figure t:-(1), 

DH • THTC*£n [TID-TONJ 
TIN-TON 

i-(6) 

Likewise equation E-(5) may be used to determine the early morning pick­
up heating load (or the early evening pull-down cooling load) 1 MPUL,by 
specifying the required temperature recovery time or pick-up time, PUH, 
(or pull down time, PHD) as follows 

MPUL TIN + TOD 
~-
--------~----~ • e 
~ - TIO + TOD 

K 

PUH 
TiiTC 

By rearranging the term, MPUL can be det rmined by 

t:-(7) 

MPUL • K* ((TIN-TOD) + TID=~~=/THTCJ 

1-e 

---- ---- - ---· - - -1!:-(H) 

Another example of the use of THTC is to app~oximate the benefit of 
excess solar heat gain during a sunny winter day to offset the heat 
losa during the night. 

The procedure used is first to determine ;the indoor temperature rise Tk, 
due to the excess heat gain, above- the ·dJytime indoor temperature setpoint 

I TIO by the following equation 

':'.-3 

.... ... 
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Figure E-1. 
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TR • ~* l l-e TH1C 

K*l2. 
.t:-( 9) 

where QTU is the excess daytime heat gain during hour from H1 tu h2 , 
which i~ the ba l ance of heat gain above what is required to cancel 
the envelope heat loos. 

The P.quation E-(6) will now be used to determine th~ "o~f" period of the 
heatlng system except that Tlll in equation (b) is now replaced by 
the new starting temperature TID + TR. 

A simi lar concept may he 1..sed to determine the effect of night heat loss 
during the cooling season to offset the daytime cooling requirement as 
f.>llows: 

The tem?erature drop of the room air from the set point of TlN during 
the cool night due to the excess heat loss qTN is 

TD • QTN * (l-e 
K*l2 

where HN is the nighttime houre 

) E-(10) 

The period w·hen the air-conditioning system could be off due to this 
night cooling i• then 

UH • TliTC* 1n 
.):!E._ - TIN + TD + TOU 
(~·:*12 ) 
_g~ - TIO + TOU 
K*l2 

i::-(11) 

provided that (TIN-TD) <TIO. 

Figure E- 2 depicts indoor temperatures. cooling and heating periods. and 
other notations such aB DH. PDH, PUH and TD in cooling season. Figure 
~-2(a) shows indoor te~peratures and cooling period in a day when 
QTD ~ 0 and QTN ~ O. The daytime indoor temperature rises f€om TlN to 
TIU during early morning pickup hours. UH. while the cooling system is 
turned off. After this period, the temperature is maintained at TIU 
during daytime, followed by a pull down to TIO at the beginning of 
nighttime for a period of PliD hours. The cooling system is. the .. efore, 
assumed to be running all day except for the period of UH. 

Figure E-2(b) shows the case of QTU ~ 0 and ~TN~ O. In this case, the 
nighttime indoor temperature decreases from TIN to TIN-TU according to 
the nighttime heat losses, while the .cooling system is turned on during 
a period of PUli. Because of the night heat loss the indoor temperature 

~-5 

•' 

-·· 
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is lower than TIN by TU at the beginning of daytime. Uuring an early 
morning period of DH. the temperature naturally rises to TIU because 
of the daytime heat gains. Consequently. the cooling system continues 
to operate throughout the day except periods Dh and PUli. 

There is a limitation on input of daytime and nighttime indoor tempera­
tures, TIU and TIN, in that TID ia always equal to or higher than TlN. 
The reason of thia limitation ia to avoid algorith111__ complexities. 

FiguresE-2(c) and (d) depict indoor temperatures profile during the heating 
period. 

Figure E-2(c) shows indoor temperatures and heating period in a day when 
QTD > 0 and QIN < O. The daytime indoor temperature goes up to TIU + TD 
at the end of daytime because the cooling aystem is not running in spite 
of QTD > 0 durin6 the daytime. The nighttime in~oor temperature goes 
down from TIO + TR to TIN durins a p•riod of Pli bacauae QIN ! 0 and the 
hc11t·t11g .. ,. .. u, .. .LB ~urned oif • After the te'llperature i-eacheci to 1'!.i~. ~he 

heat1ng system is turned on. 

Figure E-2(d) ahows indoor temperat~rea and heating period in a day when 
QTD .~ 0 and QTN ! O. The nighttime intoor temp~rature decreases to TIN 
froa.• TID because of night setback. during a period of UH, the heating 
ayatem is turned off. PUH is pick-up time, during which the indoor 
temperature goea up to TID from TIN because of the heating system. 

If there h a caae of (lTD < 0 and QTN > o. it is neglected, meaning that 
the heeting and cnoling requirement• ahould be equal to zero because the 
caoe should aeldo~ occur in the cooling aeason. 

The heating and cooling requirement are both aet equal to zero during the 
heating aeason when the daytime and nighttime heat balance, 4TU and 4TN. 
are both positive. Likewise QTU and QTN are both set equal to zero during 
the cooling aeaaon if QTD and QTN are both negative. 

---
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