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Simplified heating and Cooling Energy Analysis
Calculation for Residential Applications

T. Kusuda and T. Saitoh*
Center for Buillding Technology
National Engineering Laboratory
National Bureau of Standards
Washington, D.C. 20234

ABSTRACT

In order to reduce the lengthy computational labor and costs common LO
most existing hourly simulatlion computer programs, a simplified energy
calculotion procedure suitable for a handheld calculator was developed
for the evaluation of home retrofitting with respect to energy conse>—
vation. The procedure utilizes monthly normal weather parameters such
as temperature, humidity, wind data, and solar radiation, in lileu 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 cracks, this calculation includes energy
congervation effect due to the use of solar collectors, hot water tank

inaulation, and insulation around the heat distrlbution systems such ae
ducts and pipes.

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

Keywords: Energy analysie calculation; energy retrofit; home audit;
thermal time constant.

* Guest worker from Ohbayashi-Gumi, 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 DOZ to assist the state and local government
energy officials who are making economic benefit analyses of various
home improvement options, such as insulation, storm windows, hot water
tank insulation, insulation around pip:s and ducts, etc.

The procedure calculates the annual energy requirement calculations

for heating and cooling of single-fam’.y residences in conjunction with
the Department of Energy Project Home Energy Audit questionnaire and eco-
nomic analysis. Since the Project Home Energy Audit Program mandated
that the computation time, equivaleut to the UNIVAC 1100 CPU (Central
Processing Unit) time, is to be within 3 seconds, it precluded the

comprehensive hourly simulation procedures such as used in BLAST, DOE-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. The results of the
calculation obtaimed by this ?1mplified routine are then compared against
those obtained from a DOE-2 the comprehensive hourly simulation computer

program designated as the Standard Evaluation Techunique for Building Energy
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 subrou-
tines are given in the following sections.

The bhasic scheme of the calculation is to detemine monthly normal values
of daytime and nighttime heat gains (heat loss will be cconsidered & nega-
tive heat gain) separately for all of the major heat exchange cowmponents,

and to integrate them into monthly normal daytime and nighttime heating and
cooling requirements.

In Figure 1, all of the major heat gain (loss) through various elements
of building envelope 18 denoted with symbols ending with D and N, indicating
daytime heat gain and nighttime heat gain, respactively.

Alcthough 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 and

tilt angle of the wall in a given locality, while a separate routine
called SAT determines the normal caily average sol-ailr temperature ta

be applicable for the calculation of heat gain through walls, roofs,

and doors. Detailed documentation for SOLDAT can Le found in reference 2.
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solar data
ZD SOLDAT
- floor heat
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window heat Y + +
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g:fgﬁg:i{: duct pipe heat transfer
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Figure 1. Flow chart of the Heating and Cooling Load Program
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Where the roof has venrilated attic space, the program determines the
attic space temperature based upon heat balance, which 1s in turn used
to determine the heat gain through the ceiling.

The SOLDAT routine will also provide the solar radiation data for the
svlar collectors, which may be available in some of the energy conserva-
tion designs. The solar collector performance will be simulated by

a simplified linear relationship between the collector efficiency and
AT/I, where AT represents the average tenperature difference between

the outdoor air and collector inlet fluld 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 gimulate 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, DBRH to determine
the moist alr 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 the new method is based upon the monthly normal
day data for each of the 12 months of the year. The monthly normal data
needed are:

daytime average temperature

nighttime average temperature

total solar radiation upon horizontal 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 Symposium on Low Temperature Engineer!ng Appli-
cations of Solar Emergy, 1967, provides the average daytime temperature

and the solar radie+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"* provides the long-period (3U years

or more) normals and extremes of monthly average temperature, precipitation,
relative humidity, and wind data.

Ground temperature data, previously developed by Kusuda and Achenbach,
showen 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.



4.4. SOLAR ABSORPTIVITY, ABS

These data are used to determine the outside surface temperature of
exterior walls as influenced by the solar radiation data. Typical
values are:

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

4.5. SHADOW FACTORS,SHDW

This factor indicatea how much of the exterlor surface is shaded
from direct sun by adjacenr huildings, exutericr shading devicus, of by

trees. Typical figures are:

if completely shaded 1.0
i1f partially shaded 0.5
if not shaded at all 0.

4.6. SHADING COEFFICIENT, SC

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

for venetian blinds
roller shades
tintea films

(== =]

4.7. WALL ORIENTATION, WaAZ

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 are for the slant ungle of the walls or windows. For most
constructior, the value is 90° for walls and windows and 0° for roofs.
For solar collectors, the actual tilt angle will be used and will usually
be an angle other than 3° or 90°.

3. SUBROUTINE ALGORITHMS

5.1. SOLDAT

Using the Liu/Jordan method 2!, this program generates 12 monthly values
of total sclar radiation over the roofs, floors, walls, windows, and solar

6
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collectors. The details of the calculation procedure are given in NBS
Building Sciences Series 96 entitled “"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
overhang upon the direct radiation incident on a given vertical surface.

Ingut: XLAT
WAZ

WILT
ZKT
H

RHO

TOWN
OVHANG
WALLHT

Qutput: XIDT
X1DD

HRDAY
HRNIT

5.2. SAT
Sol-air temperature

Ingut: WILT =
It =
I1d -
SHDW =

AB -
FO -
TOD =
TON =
HRDAY =

Total radiation
1 -

Qutput: Sol-air

Daytime

latitude, degr:e

wall azimuth angle, degrees from south

wall tilt angle, degree from horizontal surface
Liu/Jordan constants

daily normal sglir radiation over a horizontal
surface Btu/ft

ground reflectance

zip code

roof overhang, ft

wall height, ft

daily tc:.al solar radiation, Btu/hr ftz
daily total diffuse sky radiation, Btu/hr £t2
daytimz hours, hr

nighttime hours, hr

routine

tilt angle, degrees from horizontal surface
incident total solar insolation, Bfulday £e?
incident sky radiation, Btu/day ft

shadow factor

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

surface absorptivity

surface heat transfer coefficient, Bru/h fl:2 °F
4 for J,J,A

5 for M,A,M,S,0,N

6 for D,J,F

daytime temperature, °F

nighttime temperature, °F

daytime hours, hr

incident upon a surface
(It-1d) * (1-SHDW) + Id

temperature

SATD = TOD + HRDAY*FO FO * cos (WILT)




x/
102
Nighttime SATN = TON - FO * cos (WTLT)

5.3. INFIL

Infiltration calculation, cfm

Input: V = yolume of the room, ft3
ACHS = gtandard air change data, air change/hr
TO = outdoor temperature, °F = (TOD + TON)/2
TI = indoor temperture, °F = (TID + TIN)/2

WS wind speed, mph

AC (air leakage rate) = (ACHS/0.695)* [0.15 % 0.013 * WS
+ 0.005 * ABS (T0O-TI)]%/

Standard Air Leakage Data (ACHS)

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

1.5 for leaky buillding
1.0 for standard building
0.5 for modern-type building

Living space:

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

Crawl space: 3 Ac/hr
Qutput: Air leakage rate

AC
RINFIL= (V) * 60 , ft3/m (cfm)

2/ Aseuned average sky heat loss: 10 Btu/hr, £e2,

2/ Modified Achenbach/Coblenz equation.
"Field Measurements of Air Infiltration in Ten Electricslly Heated
Houses™ ASHRAE Trana. 69, 1963, pp. 358-365.
DoE = 2 program uses, however, different equations such as
AC = 0.252 + 0.0218 * WS + 0.0084 * ABS (TO-TS)

8




5.4. ATTIC

Attic temperature calculation

Ingut:

AR = roof area, ft2

TRD = daytime roof sol-air temperature, °F

TRN = nighttime roof sgl-air temperature, °F

AC = celling area, {

TAD = daytime room temperature, °F

TAN = nighttime room teEperture. °F

AW = end wall area, ft

TWD = daytime end wall sol-air temperature, °F (average

of two end walls)
TWN = nighttime eug wall sol-air temperature, °F
CFM = air flow, ft~/amin
UR, UC, UW = U—vglue for roof, ceiling and end walls,
Btu/h ft“ °F
TOD = daytime outdoor air temperature, °F
TON = nighttime outdoor air temperature, °F

Qutput: Attic temperature (daytime and nighttime)

UR*AR*TRD + UW*AW*TWD + UC*AC*TAD + 1.08*CFM*TOD

ATTICD £
UR*AR + UW*AW + UC*AC + 1.08*CFM

ATTICN = UR*ARATRN + UW*AWATWN + UC*AC*TAN + 1.08*CEMATON
UR¥AR + UW*AW + UC*AC + 1.08*CFM

ATTICD
ATTICN

TIiD
TIN

if attic temperature is controlled

5.5, CRAWL

Crawl space temperature routine

Input: Daytime and nighttime crawl space temperatures

TOD = dasytime outdoor temperature, °F

TON = nighttime outdoor temperature, °F

TG = ground temperature, °F

TAD = daytime room temperature, °F

TAN = nighttime room temperature, °F

TWD = daytime wall sol-air temperature, °F

TWN = nighttime wall noi-air temperature, °F

CFM = air flow rate, ft”/min )
UF = floor heat transfer coefficient, Btu/h f&z °F
Ud = wall heat transfer coefficient,Btu/hr ft“ °F
wG -

ground surface heat transfer coefficient = 0.1,
Btu/h ft* °

F




AW = crawl space wa%l area, fel
AF = floor area, ft

OutEut:

CRAWLN = UF*TAD*AF + UW*TWD*AW + UG*(TG + TOD)*AF/2 + 1.08*CFM*TOD
UF*AF + UW®AW + UG®AF + 1.OB*CFM

CRAWLN = UF*TAN*AF + UWATWN*AW + UG*(TG + TON)*AF/2 + 1.08*CFM*TON
UF*AF + UW*AW + UG®AF + 1.08%CFM

5.6. EP-

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

Ineuii
AF = floor area, £e?
P = exposed perimeter length, ft
WT = wall thickness, ft
TAD = daytime room iemperature, °F
TAN = nighttime room temperature, °F
TOD = daytime outdoor temperature, °F
TON = nighttime outdoor temperature, °F
R = Thermal resistance of hour layers, which is betwveen

the room air and the floor slab-ground interface,
ZK = Ground thermal conductivity Btu-in/h ft

Calculation Procedure

The slab-on-grade heat transfer calcula:ionrsiesented herein is based
upon an exact solution of Muncey and Spence

The Base Ground Thermal Resistance RS shown in Fig. 3 was precalculated
for a square siab of 40 ft x 40 ft over a ground of thermal conductivity
12 Btu-in/h ft“ °F.
In order to correct the value of RS for the specific slab under considera-
tion, which would be different from the basic structure, the three correc—
tion factors a, g and FS are needed. |
The Perimeter length correction factor

a=F/160
The Conductivity correction factor

g = 2K/12

The slab shape forrection factor FS can be detexmineﬂ from Fig. 4 by
knowing AF/ z

10
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Calculation B
RF = (a * UF): adjusted floor resistsnce

WT
Em o adjusted wail thickaess
Read from Figure 2 the value of RS corresponding to these RF and E data.
Ground Thermal Resistance:

a
RG'T * RS * FS

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

1
UF = &G + R)
Heat loss through the slab-on-grade floor:

daytime: QFD = UF ®* AF * (TAD-TO)
nighttimes: QFN = UF *_Af * (TAN-TO)

where TO = _TODTON
2
5.?. ﬁ
Window heat gain routine
Input:
AG = glsc3 area, f:z
SC = ghading coefficient 2
UG = heat transfer coefficient, Btu/h ft* °F
TOD = daytime outdoor temperature, °F
TON = nighttime outdoor temperature, °F
TID = daytime indoor temperature, °F
TIN = nighttime indoor temperature, °F
SHDW = external shadow factor
0. = no shadow
0.5 = partizl shadow
1.0 = compiete shadow
It = total incident solar radiation, Btg!day el
Id = diffuse sky radiatiom, Btu/day, ft
HRDAY = daytime hours, hr
HRNIT = nighttime houre, hr

i3




Qutput: Dayt
I

5.8. HLHG

Heat loss and heat

lnzut:

QID
QIN
QWD
QWN
QDD
QDN
QcD
QCN
QGD
QGN
QFD
QFN
QRD
QRN

The above val
THTC
SGD

CFM

AL(d

N

ime and nighttime window heat gain
= (It-Id)*(1=-SHDW) + Id

Daytime QGD = AG* [I*(SC)*0.87 + UG* (TOD-TID)* HRDY)
Nighttime QGN = AG* [UG*(TON-TIN)* HRNIT]

gain ca._ulations

daytime infiltration heat gain, Biu/day
nighttime infiltration heat gain, Btu/day
daytime wall heat gain, Btu/day
nighttime wall heat gain, Btu/day
daytime door heat gain, Btu/day
nighttime door heat gain, Btu/day
daytime ceiling heat gain, Btu/day
nighttime ceiling heat gain, Btu/day
daytime window heat gain, Btu/day
nighttime window heat gain, Btu/day
daytime floor heat gain, Btu/day
= nighttime floor heat gain, Btu/day
= daytime internal heat gain, Btu/day
= nighttime internal heat gain, Btu/day

ues will be negative if they are heat loss.

= thermal time constant, hr

= daytime solar heat gain through windows, Btu/day

= air leakage, cu ft/min
i=1,2,..N) = overall heat transfer coefficieni of each

of the building envelope elements, Btu/h ft“ °F
=1,2,..N) = area of each_of the building envelope
elements, ft
= total number of building envelope elementa

IACNV = natural ventilation index: = 1 if open windows in

PUH

summer when oudoor
temp. < thermostat
setting.
= 0 if never open win-
dows .
= pick-up time or pull-down time (see Appendix E)

HRDAY = daytime hours, hr

HRNI

T = pnighttime hours, hr

14




Output:

HLD = daytime sensible hea*ing load, Btu/day
HLN = nighttime sensible heating load, Btu/day
CLD = daytime sensible cooling load, Btu/day
CLN = nighttime sensible cooling load, Btu/day

Calculation Procedure

This routine uses the building thermal time comstant (THTC) concept,
detail of which is given in the Appendix E.

Total envelopa heat gain
daytime
QTD = QID + QWD + QDD + QGD + QFD + QRD + QCD
nighttime
QTN = QIN + QWN + QDN + QGN + QFN + QRN + QCN
If TID = TIN
HLD = QID if OTD<0
HLN = QTN if QTN<Q
CLD = QTD if QTD>0
CLN = QTN if QTN>O
otherwise the following calculations are necessary
Envelope heat transfer factor
N
1

IK = Uy Ay + 1.08 * CFM

1 =1
also let

2X = EXp [ —PUH
THTC

ZY = EXP :lZiE!E)
THTC

Cooling season calculations: (QTD>0 and QIN>Q)
PULDWN: Evening pull-down cooling requirement nccessary to lower

the building temperature from TID of daytime to TIN of nighttime
within a specified pickjp period of PUH hours.

PULDWN = ZK * (Eou - 10 + {TID-RN ) *PUH

15




DH = duration of morning warmup hour during which the cooling is off

= THTC * L 2Q~TIN+TOD+TD
> ) ( ZQ=TID+10D

CON: total daytime cooling hour

CON = HRDAY - DH
daytime cooling load
QID = (TD * CON/12
QTN: actual nighttime cooling requirement

N* (HRNIT-PUH )
cLy = & + PULDWN * PUH
HRNIT L

I the natural cooling is used as
if IACNV=1, CLD=0 for TOD < TID
CLN=0 for TON < TIN
Heating season calculationa: (QTD<0 and QTN<0)

PICKUP: early morning pick-up heating requirement necessary to raise
the building temperatures from TIN to TID within PUH hours

PICKUP = ZK * ((nu - TOD) + %)*Puu

DH: duration of evening cool~dowr hours during which the heating
system is off

DH = THTC* 2n

whan 2Q » T

CON: total heating hours

TID+TD~TON~2Q
TIN-TON-2Q

CON = HEN1T-DH

daytime heating load

= QED*(HRNIT-PUH) _ P * PUM
HCD TRRIT PICKU U

16
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nighttime heating requiremeat
HLN = QTN*CON/HRNIT

5.9. HCRT: Heating and cooling requirement calculations

Input:
HLD = daytime 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 = HLD + HLN
HG = daily sensible cooalng load = CLD + CLN
RLGH = latent heat gain
AIRLOS = air leakage through ducts = AIR LOSS x 100X

supply air
Heating requirement: HREQ = HL * (1.0 + AIRLOS/100)
if cooling season, HREQ = 0
Cooling requirements: CREQ = (KG + LHG) * (1.0 + AIRLOS/100)

if open windows in summer when outdoor
temp. < thermostat setting, LHG = 0

if heating season, CREQ = 0

3.10. EREQ: Energy requirement

Input:
HREQ = heating requirement
CREQ = cooling requirement
EH = heating efficiency
E. = cooling efficicency

WHREQ = hot water heating requirement

Qs = energy from solar collector

QQC = heat galn through ducts and pipes
QQH = heat loss tkrough ducts and pipes
ISYS = system index

1 = heating + no cooling
2 = no heating + cooling
3 = heating + cooling

17
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Qutput:
EREQ (Energy Requirement)

System Index Heating Energy Cooling Energy
Requirement Requirement
IsYs = 1 (HREQ + WHREQ + Q$ + QUH)/EH 0
2 (WHREQ + QS + QQH)/EH (CREQ + @QC)
3 (HREQ + WHREY + QS8 + (QH)/BEH (CREQ + QQC)

5.11. SEU: Solar collector heat gain

Ingut:
S3A, SB = Collector efficiency curve data
A

s 3A

COLLECT.R

EFFICIERCY
S3
<C —=—

HRDAY. TE-TCD)
1

Typical solar collector performance.

18
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SA
High Performance 0.8
(double glaze, selective surface)
Medium Performance 0.75
(double glaze, common black)
(single glaze, selective surface)
Low Periormance 0.7

(single glaze, common black)

TE =
OD =
) -
SUF -
AS -
HRDAY =

inlet fluld temperature to the collector,
daytime outdoor temperature, °F

daily total solar radiatiomn, Btu/day
solar heat utilization factor

0.8 for large storage tank system
0.5 for small storage tank system

collector area, 2
daytime hours, hr

Solar heat utilized

5.12. QI:

Input:

Outgut:

QS = AS*SA* (1 -

HRDAY * (TE-TOD)
SB*I

*SUF * I

Infiltration heat gain

INFIL =
TOD
TON
TID
TIN
RH
RHA
RHM
HRDAY
HRNIT

Daytime

QID = 1.

infiltration rate, cfm

daytime outdoor temperature, °F
nighttime outdoor temperature, °F
daytime indoor temperature, °F
nighttime indoor temperature, °F

room relative humidity, %

afternoon outdoor relative humidity, X
morning outdoor relative humidity, %
daytime hours

nighttime hours

sensible heat gain
O8*INFIL* (TOD-TID)*HRDAY

Nighttime sensible heat gain

QIN = 1.

O8*INFIL*(TON-TIN)*HRNIT

19
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Latent heat

Determine the humidity ratio of indoor and cutdoor air from
peychrometric chart or by calling the psychrometric routine
described in (5.15).

Calculate indoor 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 ratios of
outdoor alr, WOD and WON by

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

Daytime latent heat gain:
QILD = 4,.5*INFIL®*(WOD-WID)*1061*HRDAY
Nighttime latent heat gain:
QILN = 4,5*INFIL*(WON-WIN)*1061*HRNIT
It is important to note that QID, QIN, QILD and QILN are
~ all zero when the natural cooling is used to winimize
or eliminate the need for mechanical ccoling.

5.13. QECHG: Opaque envelope conduction heat gain (walla, doors, roofs
and floors)

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

SATD = daytime ¢ol-air temperature, °F
SATN = nighttime sol-air temperature, °F

u = overall hgat transfer coefficienc,
Btu/h f& °F

A = area, ft

TID = daytime indoor temperature, °F

TIN = nighttime indoor temperature, °F

HRDAY = daytime hours, hr

HRNIT = nighttime hours, hr

For daytime heat gain, QD = U*A*(SATD-TID)*HRDA{ Btu/day

For nighttime heat gain, QN = U*A*(SATN-TIN)*HKNIT Btu/day

For the attic ceilling and crawl space floor, the sol-air
t:emperature should be replaced by the attic temperature
and crawl-space cemperature.

3.14. QR: Internal heat gain
Input:
NPD = number daytime occupants

NPN = number nighttime occupants
WID = average daytime lighting power, w

20



YIN
- WED
o WEN
HRDAY
HRNIT

Sensible

average nighttime lighting power, w
average daytime equipment power, w
average nighttime equipment power, w
daytime hours, hr

nighttime hours,

heat gain

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

Daytime: QRSD = [NPD*240 + [WTD+(WED*0.66)]%*3.413]*HRDAY
Nighttime: QBSN = [NPN*240 + [WIN+(WEN*0.66)]*3.413]*HRNIT

Latent heat gain

Daytime: QRLD = [NPD*160 + (WED*G.34)*3.413]*HRDAY
Nighttime: QRLN = [NPN*160 + (WEN*0.34)*3,413]*HRNIT

(I
 : 5.15. DBRH: Relative humidity routine (see Appendix C-27)
Input:
¢/H DB = dry-bulb temperature, °F
¥ RH = relative humidity, %
2 L Calculation algorithms for psychrometric routines are provided in
£ i reference [4].
E Cutput:
E W = humidity ratio, 1lb/lb
t 3

e

Input:

-E = )
1 UBW =

1 UBF =

4 UFLR1 =
BWAEX =

WA =

BFA =

L -

5.16. BSMT: Basement temperature and heat loss calculation

ground thermal conductivity Btu-in/hr ftZ °F %
basement wall heat conductance, Btu/hr 2 °F‘i
basement floor heat conductance, Btu/hr ftz 'F*i

heat condugtance of floor above the basement,

Btu/hr £t*°F
Area of the exposed seition of the basement wall, £e?
basement wall area, ft

basement floor area, £e?
height of the basement wall which is ground covered, ft

2*/UBW and UBF are to be determined from the room air to the external

surface of the wall/slab (soil interface).
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TID = daytime temperature of the room above, °F
TIN = nighttime temperature of the room above, °F
TOD = daytime outdoor %emperature, °F

TON = nighttime outdoor temperature, °F

TG = ground temperature, °F

HRDAY = daytlme hours, hr

HRNIT = nighttime hours, hr

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

Qutput:

BSMID = daytime basement temperature, °F

BSMIN = nighttime basement temperature, °F
BQFD = daytimec basement heat loss, Btu/day
BQFN = nighttime basement heat loss, Btu/day
TO = (TOD + TON)/2.0

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

1
Uw = 1 + 1 for the exposed section.
UFW HO
% T % UFW * L .
uw = 22K & gpf1a for the ground-covered
(x *L) 2 * ZK section.

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

Basement flow heat transfer coefficient.

UF = The value should be determined by the same procedure
used in the calculation of slab-on-grade floor heat
transfer coefficient deacribed in section 5.6.

QBHGHIW*BWA*TQOHUF*BFA*TGHUFLRL*BFA*TID

BSMID = = =
UWABWA+UF*BFA+UFLR1*BFA

BSMTN = GBHGHIW*BWA*TOHUF*BFA*TGHIFLRL*BFA*TIN
UW*BWA+UF*BFAHUFLR1*BrA
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If basement is heated

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

If basement is not heated BQFD & BQFN are calculated by
using Subroutine
QECHG (=7.13. Opaque envelope conduction heat

gailn calculations) and the basement temperatures,
BSMTD ard BSMIN above.

5.17. HWHREQ: hot water heating requirement

Ingut:

Outgut:

where

where

TOUT = hot water outlet temperature °F
TIN = hot water inlet temperature = ground tempera-
ture °F

HWT = hot water usage, gallanslday

A = total jacket area, ft

BSMTD = daytime basement or indoor temperature, °F
BSMIN = nighttime basement or indoor temperature, °F
D1 = 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

Heat loss through existing jacket insulation around the
hot water tank

HLHWH1 = Ul*A*((BSMTD-TOUT)*HRDAY) + (BSMTN-TOUT)*HRNIT)
Ul = 1.0/(0.685 + D1/RAM1)

Heat looss through additional jacket insulation of
hot water tank

HLHWH2 = U2#*A*((BSMTD-TOUT)*HRDAY) + (BSMTN~TOUT)*HRNIT)
U2 = 1.0/(0.685 + D1/RAM1 + DZ, RAM2)

Energy saving by additional insulation over the hot
water tank

SAVE = HLHWH2-HLHWHI1

Hot water heating requirement, including jacket heat
loss
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WHREQ = 500.0/60.0*(TIN-TOUT)*HWT + HLHWH2
If WHREQ > O, WHREQ = 0
Hot water heating requirement, excludinyg jacket heat loss

WHREQ2 = WHREQ — HLHWH2

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

Ingut:

. Outgut:

space

ADUCT = total surface area of duct in crawl space, 2

UDUCT = U value of duet, Btu/h ft* °F

APIPE = total surface area of plpf in crawl space, ftz

UPIPE = U value of pipe, Btu/h ft* °F

TCSUPA = supply chilled air temperature. °F

TCSUPW = wsupply chilled water temperature, “F

THSUPA = supply hot air temperature, °F

THSUPW = supply hot water temperature, °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

Heat gain through ducte and pipes

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

Heat loss through ducts and pipes

QH = ADUCT*UDUCT*( (CRAWLD — THSUPA)*HRDAY + (CRAWLN - THSUPA)
*HRNIT) *HFAC + APIPE*UPIPE*((CRAWLD — THSUPW)*HRLDAY +
(CRAWLN = THSUPW)*HRNIT)*HFAC

1f cooling semson, QH = O
1f heating season, QC = 0

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

lnput:

space

ADUCT = total surface area of duct in attic space, fed
UDUCT = U value of duct, Btu/h, ft?, °F

APIPE = total surface area of pipe in attic space, ft
UPIPE = U value of pipe, Btu/h, ft?, °F

TCSUPA = supply chilled air temperature, °F

TCSUPW = aupply chilled water temperature, °F

THSUPA = supply hot air temperature, °F

2
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5.20,

Outgut:

BMDUFI:

Input:

Qutput:

THSUPW
ATD
ATN
CFAC

HFAC

HRDAY
HRNIT

supply hot water temperature, °F
attic daytime temperature, °F

= attic nighttime temperature, °F

factor for estimating operation time of
equipment

factor for estimating operation time of
equipment

daytime hours

nighttime hours

Heat gain through ducts and pipes

Qc

cooling

heating

= 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 - THSUPW)*HRDAY +

(ATN = THSUPW)*HRNIT)*HFAC

If cooling season, QH = 0
If heating season, QC = 0

ADUCT
ubucT
APIPE
UPIPE
TCSUPA
TCSUPW
THSUPA
THSUPW
BSMTD
BSMIN

CFAC

dFAC

HRDAY
HRNIT

heat loss and gain through ducts and pipes in

total surface area of duct in basement,
U value of duct, Btu/h £t% °F

total surface area of pipg in basement,
U value of pipe, Btu/h £t °F

supply chilled air temperature, °F
supply chilled water temperature, °F
supply hot air temperature, °F

supply hot water temperature, °F
basement daytime temperature, °F
basement nighttime temperature, °F

factor for estimating operation time of
cooling equipment

factor for estimating operation time of
heating equipment

daytime hours, hr

nighttime hours, hr

Heat gailn through ducts and pipes

Qc

basement
f:z

fcz

= ADUCT*UDUCT*((BSMTD - TCSUPA)*HRDAY + (BSMIN = TCSUPA)
*HRNIT)*CFAC + APIPE*UPIPE*((BSMTD — TCSUPW)*HRDAY +

(BSMIN - TCSUPW)*HRNIT)*CFAC
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Heat loss through ducts and pipes

QH = ADUCT*UDUCT*((BSMTD - THSUPA)*HRDAY + (BSMTN - THSUPA)
*HRNIT)*HFAC + APIPE*UPIPE*( (BSMTD - THSUPW)*HRDAY +
(B3SMIN - THSUPW)*HRNIT)*HFAC

If cooling season, QH = 0
If basement heated, QH = O
If heating season, QC = 0

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

Input: ADUCT = total surface area of outgoor duct, ftz
ULUCT = U value of duct, Btu/h ft° °F "
APIPE = total aurfasce grea of outguor pipe, It*
UPIPE = U value of pipe, Btu/h ft“ °F
TCSUPA = supply chilled air temperature, °F
TCSUPW = supply chilled water temperature, °F 5
THSUPA = supply hot air temperature, °F 2
THSUPW = supply hot water temperature, °F
TOD = daytime outdoor temperature, °F
TON = nighttime outdoor 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 rthrough ducts and pipes : ‘/;/’

Qc = ADUCT*UDUCT*((TOD = TCSUPA)*HRDAY + (TON = TCSUPA) :
*HRNIT)*CFAC + APIPE*UPIPE*((TOD - TCSUPW)*HURDAY +
(TON = TCSUPW)*HRNIT)*CFAC

Heat loss through ducts and plpes

QH = ADUCT*UDUCT*((TOD - THSUPA)-"HRDAY + (TON — THSUPA)
*HRNIT)*HFAC + APIPE*UPIPE*((TOD ~ THSUPW)*HRDAY +
(TON = THSUPW)*HRNIT)*HFAC

1f cooling season, QH = 0
If heating seacon, C = 0
; 5
The routines described above are incorporated into a Fortran program,
listing of which is given in Appendix C.

0 RN
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Appendix D presents a description of the data file and suggested default
values to be used for the heating and cooling requirement calculations.

S. COMPARISON WITH DOE-2 RUNS

Figures5 and 6 are comparisons of annual heating and cooling requirements
obtained by the simplified procedure described herein with those obtained
by DOE-2, a comprehensive hourly simulation program for building energy
analysias, for ten cities and for & combination of several energy conser-
vation options as shown in Table 1. The basic building data used for
these comparative calculatio 7 are described in a recent report of the
Lawrence Berkeley L-nboral:oryg .

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

Since the DOE-2 uses TRY (Typical Reference Year) weather data, a set of
monthly normal day data were generated from the DOE-2 program from the
TRY weather data tape and used in the simplified calculation procedure.
The infiltration routine was 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 two adjustments.
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Table 1. Building Data for the Comparative Calculations with DOE-2
City Base Case Additions to Base Levels of Insulation, Glazing
Options
Wall Attic Windows Floor 1 2 3 4 5 6 - 8
Minneapolis Alum Siding R-22 Double Basement R-38 R-19 Triple R=25
R-11 U=.000001 Attic Wall Glaze Wall
Chicago Alum Siding R-19 Double Basement R~-38 R-30 R-19 R-38 Triple R-25
R-11 U=.000001 Attic Attic Wall Attic Glaze Wall
Portland Alum Siding R-19 Double Crawl Space R-19 R-19 R-38 Triple R-25
R-11 R-7 Wall Floor Attic Glaze Wall
U=.04339
Washington Alum Siding R-19 Double Basement R-30 R-19 R-38 Triple R-25
DC R-11 U=.000001 Attic Wall Attic Glaze Wall
Atlanta Alum Siding R-19 Single Crawl Space Double R-11 R-30 R-19 R-38 Triple R-19 R-25
R-11 R-7 Glaze Floor Attic Wall Attfc Glaze Tloor Wall
U=.04339
Fresno Stucco R-19 Single Slab-on- Double R-30 R-19 R-38 Triple
R-11 Grade Glaze Attic Wall Attic Glaze
U=,1202
Burbank Stucco R-19 Single Slab-on- Double R-30 R-19 R-38 Triple
R-11 Grade Glaze Attic Wall Attic Glaze
U=.1202
Phoenix Alum Siding R-19 Single Slab-on- Double R-30 R-19 R-38 Triple
R-11 Grade Glaze Attic Wzll 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
Ft. Worth 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
L 3 = \ ‘_ \ ~ . ‘ !
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determined by the simplfied procedure and by the DOE-2 program
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APPENDIX A. LIU-JORDAN SOLAR CALCULATION DATA
Radtation and Other Data for 80 Locations in the United States and Canada

(H = Monthly average daily total radiation on a horizontal surface, Btu/! tl:ly-ltz 2 Kt-the fraction of the extraterrestrial radiation transmitted throug
the atmosphere; t -~ ambient temperature, deg F.)

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

Albuquerque, N.M. . ...... R 1150.9 1453.9 1925.4 2343.5 2560.9 2757.5 2561.2 2387.8 2120.3 1839.8 1274.2 1G51.(
Lat. 35"08'N . ccaisvinioiins v R' _0.704 0.691 0.719 0.722 0.713 0.73T 0.695 0.708 0.728 0.711 0.684 0.704
ELBA4NR . vovanns . i to 37.3 43.3 50.1 58.6 69.4 9.1 82.8 80.6 73.8 62.1 47.8 39.¢
Annctte Is. , Alaska....... it 236.2 428.4 8B3.4 1357.2 1634.7 1638.7 16€32.1 1269.4 962 454.6 220.3 152
Lat. SHP02N .o ne s R‘ 0.427 0.415 0.492 0.507 0.484 0.441 0.454 0.427 0.449 0.347 0.304 0.361
> o & £ I { SR R to 35.8 37.5 39.7 44.4 51.0 56.2 58.6 59.8 54.8 48.2 41.9 37.4
Apalachicola, Florida ..... it 1107 1378.2 1654.2 2040.9 2268.6 '2195.9 1978.6 1912.9 1703.3 1544.6 1243.2. £82.3
Lat, 29°45'N. .......... Kt 0.577 0.584 0.576 0.612 0.630 0.594 0.542 0.558 0.559 0.608 0.574 0.543
El. 381t 0o sneainie . t 57.3 59.0 62.9 69.5 76. 4 81.8 83.1 83.1 £0.6 73.2 83.17 $8.5%
Asturia‘ Oregon. . ... owan ! 338.4 607 1008.5 1401.5 1838.7 1753.5 2007.7 1721 1322.5 1780.4 413.6 295.2
Lat. 46°12'N........ ‘e Rt 0.330 0.397 0.454¢ ©.471 0.524 0.4686 0.551 0.538 0.526 0.435 0.336 0.332
Bl ....... Bl i &% to 41.3 44.1 46.9 51.3 55.0 59.3 62.6 63.6 62.2 55.17 48.5 43.9
Atlanta, Georgia ... .o i 848 1080.1 1426.9 1807 2618.12 2002.6 2002.9 1898.1 1519.2 1290.8 997.8 751.6
Lat. 33°39'N....... sews Kt 0.493 0.4356 0.522 0.551 0.561 0.564 0.545 0.559 0.515 0.543 C.510 0.474
ELOT6ft.cuisansinnas to 47.2 45.6 5.9 65.0 73.2 80.9 B2.4 Bl.6 77.4 66.5 54.8 47.17
Barrow, Alaska.......... R 13.3 143.2 T713.3 1491.5 1883 2055.3 1602.2 ©53.5 428.4 152.4 22.9 -
Lat. 7T1°20'N..... P, kt - 0.776 0.773 0.726 0.553 0.533 0.448 0.377 0.315 0.35 - -
EL22 fbiisiian v . t -13.2 -15.9 -12.7 2.1 20.5 35.4 41.6 40.0 3.7 18.6 2.6 -8.8
Bethel, Alagka. . ........ H 142.4 404.8 1052.4 1662.3 1711.8 1698.1 1401.8 938.7 1755 430.6 164.9 83
Lat. 60°47'N. . ...ccunus Kl. 0.536 0.557 0.704 0.675 0.519 ' 0.458 0.398 0.336 0.406 0.432 0.399 0.459
ElLL1235 M s ieuvacnnnnas t 9.2 11.6 14.2 29.4 42.17 55.5 56.9 54.8 47.4 33.7 19.0 9.4
Bismarck, North Dakota . .. it 587.4 934.3 1328.4 1668.2 2056.1 2173.8 2305.5 1929.1 1441.3 1018.1 600.4 464.2
Lat. 46°4T'N. . ......... K, 0.594 0.628 ©0.665 0.565 0.588 0.579 0.634 0.606 0.581 0.584 0.510 0.547
El. 1660ft ............ ts 12.4 15.9 29.17 46.6 58.6 67.9 76.1 T73.5 61.6 49.8 31.4 18. ¢
Blue Hill, Mass. . ....... i 555.3 797 1143.9 1438 1776.4 1943.9 1881.5 1622.1 1314 9241 502.2 482.3
Lat., 4213 N oo wis w5 /4w R‘ 0.445 0.458 0.477 0.464 0.501 0.516 0.513 0.495 0.492 0.472 0.406 0.436
El. 629t ........ .o ts 28.3 28.3 36.9 46.9 58.5 67.2 72.3 70.6 = 64.2 54.1 43.3 315
Boise, Idaho ........... H 518.8 884.9 1280.4 1B14.4 2189.3 2376.7 2500.3 2149.4 1717.7 1128.4 678.6 456.8
Lat. 43°34'N. .. ........ Rl 0.446 0.533 0.548 0.594 0.619 0.631 0.684 0.660 0.656 0.588 0.494 0.442
“EL 2880010010 0000000047 t 29.5 36.5 45.0 53.5 62.1 69.3 79.6 7.2 6c.17 56.3 42.3 33.1

o



-V

Boston, Mass. . .........
Lat: 42°22'Ni v wimmnivinin

Browngville, Texas ......
Lat: 25°55 NG o wietias
EL 2000 v vmm ailira s

Caribou, Maine . ........
Lat: 46°82'N, ciwaaieinwi
El. 628 1% . . cornininine sene

Charleston, §.C.........
Laat. 32PN i st o
EE A6 cmmiivmsoieesios

Cleveland, Ohlo.........
Lat. 41°24'N, . .........
EY. B0 oiis sveovasuiaiase ¥la

Columnbia, Mo ..........
Lat. 38750 N ciocrea aenini
ELTBE A -oins siaismete s Ghesse

Columbus, Ohlo.........
Lat. 40°00™N.. . e vo0 now s
Bl BV oo covamiaanni

Davis, Calll.; e sios iios &
Lok, %3N cou sons snma
Bl 8L e onn wma i a0 i

Dodge City, Kan. . .......
Lat: 31046 N civuiia s wvias
El 2002 o0 1o tiate iahs ey

East Lansing, Michiga: ...
Lat, 42244'N. vas aveis aeia o
El, BaGHt . . i inem sy

East Wareham, Mass .. ...
Lat, 41°46'N. . .. ccv v v s s
| 2 R L e

o NI o™ Rl o7 Xk o7 RIEl o7 RISl o7 Nl o™ Rl o™ i

o~ Nz

o™ Himl o il

Jan

505.5
0.410
31.4

1105.9
0.517
63.3

497
0.504
11.5

946.1
0.541
53.6

466.8
0.3¢61

30.8

651.3
0.458
325

486.3
0.356
32.1

599.2
0.4186
47.6

953.1
0.639
33.8

425.8
0.35
26.0

504.4
0.398
32.2

Appendix A (Continued)

Feb

738
0.426
31.4

1262.7
0.500
66.7

B61.6
0.579
12.8

1152.8
0.521
55.2

681.9
0.383
30.9

941.3
0.492
36.5

746.5
0. 401
33.7

945
0.490
52.1

1186.3
0.598
38.7

738.1
0. 431
26.4

162. 4
0.431
31.6

Mar

1067.1

0. 445
39.9

1505.9

0.505
70.7

1360.1
0.619
24.14

1352. 4
0.491
63.6

1207
0.497
39.4

1315.8
0.520
45.9

1112.5
0.447
42.7

1504
0.591
56.8

1565.7
C.606
46.5

1086
0. 456
35.17

1132.1
0. 469
39.0

Apr

1355
0.438
49.5

1714
0.508
76.2

1495.9
0.507
37.3

1918.8
0.584
67.8

1443.9
0. 464
50.2

1631.3
0.514
ST.7

1480.8
0.470
33.5

1959
0.617
63.1

1975.6
0.618
57.1

1249.8
0.406
48.4

1392.6
0. 449
48.3

May

1769
0.493
60.4

2092.2
0.584
81.4

1 Sy Bl |
0.509
51.8

2063.4
0.574
74.8

1928.4
0.543
62.4

1999.6
0.559
66.7

1839.1
0.515
64.4

2368.6
0.662

65.6

2128.5
0.594
66.7

1732.8
0.489
59.8

1704.8
0.480
58.9

Jun

1864
0. 495
69.8

2288.5
0.627
85.1

1779.7
0.473
61.6

2113.3
0.567
80.9

2102.8
0.559
72.7

2128.1
0.566
75.9

(2111)
(0.561)
4.2

2612.2
0.697

78.17

2459.8
0.655
77.2

1914
0.508
70.3

1958.3
0.520
67.5

Jul

1860.5
0.507
74.5
2345
0.650
86.5

1898.1
0.522
67.2

1649. 4
0. 454
82.9

2094.4
0.571
71.0

2148.7
0.585
B1.1

2041.3
0.555
78

2565.6
0.697

g1

2400.7°

0.652
83.8

1884.5
0.514
4.5

1B73.8
0.511
4.1

Aug

1570.1
0. 480
73.8

2124
0.617
86.9

1675.6
0.527
65.0

1933.6
0.569
82.3

1840.6
0.559
75.1

1953.1
0.588
19.4

1572.7
0.475
175.9

2287.8
0.687
79.4

2210.7
0.663
82.4

1627.7
0.498
72. 4

1607. 4
0. 489
72.8

Sep

12687.5
0.4717
66.8

1774.9
0.566
84.1

1254.8
9.506
56.2

1557.2
0.525
79.1

1410.3
0.524
68.5

1689.6
0.608
1.9

1189.3
0.433
70.1

1856.8
0.664
76.7

1841.7
0.654
73.17

1303.3
0.493
65.0

1363.8
0.508
65.9

Oct

896.7
0.453
57.4

1538.5
0.570
78.9

793
0. 455
44.7°

1332.1
0.554
69.8

897
0.491
57.4

1202.6
0.562
61.4

819.5
0.441
58

1288.5
0.598
67.8

1421
0.650
61.7

891.5
0. 456
53.5

9596.7
0.496
56

Nov

535.8
0.372
46.6

1104.8
0. 468
70.7

415.5
0.3352
31.3

075.0
0.53%
59.8

526.8
0.351

44.0

839.5
0.510
46.1

479
0. 302
44.5

785.6
0.477
57

1065.3
0.625
46.5

1"3.1
0.333
40.0

636.2
0.431
46



Appendix A (Continued)
Jan Feb Mar Apr May Jun Jul Aug Sep - Oct Nov Dec
Edmonton, Alberta.......

Lat, SIS ..o civ anvinin v
EL 22121t ..veivsaainns

331.7 652.4 1165.3 1541.7 1900.4 1914.4 1964.9 1528 1113.3 1704.4 413.8 245
0.529 0.585 0.624 0.564 0.558 0.514 0.549 0.506 0.508 0.504 0.510 0.492
10.4 14 25.3 4.9 55.4 61.3 66.6 63.2 54.2 44.1 26.7 14.0
ElPaso, Texas . ........ 1247.6 1612.9 2048.7 2447.2 2673 2731 2391.1

250.8 2077.5 1704.8 1324.7 1051.6
Lat. I 48N awaiva e 8

z
0.686 0.714 0.730 0.741 0.743 0.733 0.652 0.660 0.693 0.395 0.647 0.628

R

&

H

-
El, SYBHE . o ciaifitmialn e :.;l 47 1 53.1 58.1 67.3 75.17 84.2 84.9 83.4 78.5 69.0 56.0 48.5
Ely, Nevada . .......00.. E 871.6 1255 1749.8 2103.3 2322.1 2649 2417 2307.7 1935 1473 1078.6 814.8
Lat. SEMITING onacs aiie wain Kt 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: B262. X oo ammpieiaiaie lo 27.3 32.1 39.5 48.3 57.0 65.4 74.5 72.3 63.17 52.1 38.9 31.1
Fairbanks, Alaska ....... H 66 283.4 860.5 1481.2 1806.2 1970.8 1702.9 1247.8 ©99.6 323.6 104.1 20.3
Lat, 64°49'N........... Rt 0.639 0.556 0.674 0.647 0.546 0.529 0.485 0.463 0.419 0.418 0.47 0.458
Bl 43605 0% v wonnssinaiatiaie to -7.0 0.3 13.0 32.2 50.35 62.4 63.8 58.3 47.1 29.6 5.5 -6.6
Fort Worth, Texas...... i R 936.2 1198.5 1597.8 1£29.1 2105.1 2437.& 2293.3 2215.6 1880.8 1476 1147.6 913.6
Lat: 32950 ... conce sons visna ']7.! 0.530 0.541 0.577 0.556 0.585 0.654 0.624 0.653 0.634 0.612 0.578 0.583
El. YR .coneaesvsni to 48.1 52.3 59.8 68.8 15.9 84.0 817.1 88.6 81.3 71.5 58.8 50.8
l-"r.esno, Al wreisoi v dnsans H 712.9 1116.6 1652.8 2049.4 2409.2 2641.7 2512.2 2300.7 1897.8 1415.5 906.6 616.6

. Lat, 36°46'N...... 4 e i‘ 0.462 0.551 0.632 0.638 0.672 0.703 0.682 0.686 0.665 0.635 0.512 0.44
‘_'., Bl 33045 v A to 47.3 53.9 59.1 65.6 73.5 80.7 817.5 84.9 78.8 68.7 57.3 48.9

Gainesville, Fla..... e ie b 1036.9 1324.7 1635 1956.4 -1934.7 1960.9 1895.6 1873.8 1615.1 1312.2 1165.7 919.5
Lat, 29°39™. ; cvoa o0 sas . RI 0.535 G€.56 9.568 0.587 0.538 . 0.531 0.519 0.547 0.529 0.515 0.537 0.508
EY; 168w v asass Ve !a 62.1 63.1 61.5 72.8 79.4 83.4 B3.8 B84.1 82 5.7 67.2 62.4
Glasgow, Mont. . ....... i H 572.7 965.7 1437.8 1741.3 2127.3 2261.6 2414.7 1984.5 1531 297 574.9 428.4
Lat. 4B2I3'N ccuivsis wos sas Rt 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, Z2TTM .« onucnin soacn o . ‘e 13.3 17.3 1.1 47.8 59.3 67.3 76 73.2 61.2 49.2 31.0 15.8
Grand Junction, Colo .. ... ) E 848 1210.7 1622.9 2002.2 2300.3 2645.4 251?.7- 2157.2 1957.5 1394.8 969.7 793. 4
Lat. 39207 N. i das aies l(t 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. 8498 o vovasas ase " "o 26.9 35.0 44.6 55.8 66.3 5.1 B82.5 79.6 171.4 58.3 42.0 31.4
Grand Lake, Colo. ... .... B 235 1135.4 1579.3 1876.7 1974.9 2369.7 2103.3 1708.5 1715.8 1212.2 T¢5.6 660.5
Lat, 40%15"N. . ivs aas von Kt 0.541 0.615 0.637 0.597 0.553 0.63 0.572 0.516 0.526 0.583 0.494 0.542
EbL: I8 M o oo oo to 18.5 23.1 28.5 39.1 48.17 56.6 62.8 81.5 85.5 45.2 30.3 22.6
Great Falls, Mont . ...... E 524 869.4 1369.7 1621.4 1970.8 2179.3 2383 1986.3 1536.5 984.9 575.3 420.7
Lat. 47°29'N. . . .. .ccn00o Kt 0.552 0.596 0.631 ©0.551 0.565 0.580 0.656 0.527 0.626 0.574 0.503 0.518°
Bl J004 AL o vowogming eas t 25.4 27.6 35.6 47.1 57.5 64.3 73.8 71.3 60.6 51.4 38.0 29.1

-




Appendix A (Continued)

-

Jan Feb Mar Apr May Jun Jel Aug Sep Oct Nov Dec

Greensboro, N.C. .. .. -~ i} 743.9  1031.7 1323.2 1755.3 1988.5 2111.4 203).9 1810.3 1517.3 1202.6 908.1 690.8
Jat, A0S N s wie o R, 0.469 0.499 0.499 0.543 0.554 0.563 0.552 0.538 0.527 0.53i 0.501 0.479
BL B9LIE . o vooe s oo ous t, 42.0 442 517 60.8 69.0 780 40.2 789 739 62.7 515 43.2
Grifftn, Ceorgla. ........ i 889.6 1135.8 1450.9 1923.6 2163.1 2176  2064.9 1061.2 1605.9 1352.4 1073.8 781.5
Lat. 3PN e wom s . K, 0.513 0.517 0.:23 0.586 0.601 0.583 0.562 0.578 0.543 0.565 0.545 0.487
Bl 980 oo e s se . e t 48.9 510 59.1 6.7 74.6 81.2 83.0 82.2 8.4 68 57.3  49.4
o
Hatteras, N.C..... e A 891.9 1184.1 1590.4 2128  2376.4 2438 2334.3 2085.6 1758.3 1337.6 1053.5 798.1
Lat, 85° 0. o ionnins oo K, 0.546 0.563 0.593 0.655 0.661 0.652 0.614 0.619 0.605 0.58 0.566 0.535
~O t, 49.9 495 547 6.5 69.0 7.2 8.0 79.8 6.7 67.9 59.1 51,3
Indianzpolis, Ind ........ H  520.2 797.4 1184.1 1481.2 1828 2042  2036.5 1832.1 1513.3 1094.4 662.4 491.1
Lat. 39°44'N. ... ....... K, 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: B3 s s vawwpoeis t, 313 339 430 541 649 748 19.6 77.4 70.6 59.3 44.2  33.4
Inyokern, Calif ......... H 1148.7 1554.2 2136.9 2594.8 2025.4 3108.8 2908.8 2759.4 2409.2 1819.2 317C.1 1094.4
B SVIDMN o.00.0:000 050 K, 0.716 0.745 0.803 0.8  0.815 0.830 0.790 0.820 0.834 0.795 0.743 0.742
> ElL2400R .......00un. t, 413 539 59.1 65.6 73.5 B0.7 B1.5 849 78.6 68.7 573  48.9
£
Bhaew, WX, o0 Jiidbbimen H 434.3 755  1074.9 1322.9 1779.3 2925.8 2031.3 1736.9 1320.3 918.4 466.4 370.8
Lat 43 21N devwnaines K, 0.351 0.435 0.45 0.428 0.502 0.538 0.554 0.530 0.497 0.465 0.324 0.337
Bl S50, crnnfiinid dommome t, 21.2 265 36 48.4 59.6 68.9 7.9 71.9 64.2 53.6 41.5 20.8
Lake Charles, La ....... )i} 899.2 1145.7 1487.4 1801.8 2080.4 2213.3 1966.6 1910.3 1678.2 1505.5 1122.1 875.3
Lat. ORS00 o siwe o K, ~ 0.473 0.492 0.521 0.542 0.578 0.597 0.530 0.558 0.553 0.597 0.524 0.494
Bl B3t oconnns - t, 55.3 58.7 63.5 70.9 77.4 83.4 848 850 815 73.8 62.6 56.9
Lander, Wyo. . ... R B 786.3 1146.1 1638  1988.5 2114  2492.2 2438.4 2120.6 1712.9 1301.8 837.3 694.8
| L P K, 0.65 0.672 0.691 0.647 0.597 0.662 0.665% 0.649 0.647 0.666 0.589 0.643
W S — t, 2.2 263 347 455 56.0 65.4 74.6 72.5 61.4 48.3 3.4 23.8
Las Vegas, Nev......... R 1035.8 1438  1926.5 2322.8 2620.5 2799.2 2524 2342 2062  1602.6 1190  964.2
Lat. 36°05'N........... K,  0.654 0.697 0.728 0.719 0.732 0.746 0.685 0.697 0.716 0.704 0.657. 0.668
EL SIG2B oocicviwnnniips t, 415 539 60.3 69.5 78.3 88.2 950 92.9 354 7.7 S57.8 50.2
Lemont, HlUnMs. ... .... . R (500) 879  1255.7 1481.5 1866  2041.7 1990.8 1836.¢ 1469.4 1015.5 (639)  (531)
Lt MO e vccnionamois R,  (0.464) 0.496 0.520 0.477 0.525 0.542 0.542 0.559 0.547 0.508 (0.433) (0.467)
B 58 vinins T t, 28.9 303 395 497 59.2 70.8 " 75.6 74.3 67.2, 57.6 43.0  30.6
Lexington, Ky .......... H - - 18347 2171.2 - 2246.5 2064.9 1775.6 1315.8 -  681.5
Lat. 30%02W.cw sua b oea R, - - - 0.575 0.608 -  0.610 0.619 0.631 0.604 -  0.513
W b Easkon t, 3.5 8.8 47.4 57.8 61.5 76.2 79.8 78.2 712.8 61.2 47.6  38.5




Appendix A (Continued)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Lincoln, Neb. ........ sia " T12.5 955.7 1299.6 1587.8 1856.1 2040.6 2011.4 1902.6 1543.5 1215.8 773.4 643.2
Tat. 40°51'N. . ......... 0.542 0.52¢ 0.532 0.507 0.522 0.542 0.547 0.577 0.568 0.508 0.508 0.545
El. 11891t .......... .o 21.8 2.1 42.4 55.8 65.8 76.0 82.6 80.2 . 71.5 59.9 43.2 31.8

Little Rock, Ark ........
Lat. 34°44'N. . .. .......

704.4 974.2 1335.8 1669.4 1960.1 2091.5 2081.2 1938.7 1640.6 1282.6 913.6 701.1
0.424 0.458 0.496 0.513 0.545 0.559 0.566 0.574 0.561 0.552 0.484 0.48)

El. 265t ... ...000004. 44.¢6 48.5 56.0 65.8 73.1 76.17 85.1 84.6 78.3 67.9 54.7 46.7
Los Angeles, Calif. (WBAS). 930.6 1284.1 1729.5 1948 2196.7 2272.3 2413.6 2155.3 1698.1 1372.7 1082.3 901.1
LAt 33V00'N. o viaaminloreos 0.547 0.596 0.635 0.595 0.610 0.608 0.657 0.63% 0.341 0.574 0.551 0.566.
El. 99 ft..c0sscsansaas -56.2 56.9 59.2 61.4 64.2 66.7 69.6 702 69.1 66.1 62.6 58.7 -
Los Angeles, Callf. (WBO). . 911.8 1223.6 1640.9 1866.8 2061.2 2259 2428.4 2198.9 1891.5 1362.3 1053.1 877.8
Lat, 303N . svy sans 0.538 0.568 0.602 0.571 0.573 0.605 0.66 0.648 0.643 0.578 0.548 0.566
Bl 931b, ¢ aasienmmeiates 57.9 58.2 61.8 64.3 67.6 70.7 75.8 76.1 4.2 69.6 65.4 60.2
MadiSon, Wis ... c00e e 564.6 B812.2 1232.1 1455.3 1745.4 2031.7 2046.5 1740.2 1443.9 993 = 555.7 495.9
Lat. 43°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 ABEEE o s vus snmin miwiais 21.8 24.6 35.3 49.0 61.0 70.9 76.8 T4.4 65.6 53.7 37.8 25.4
Matanuska, Alaska..... . 119.2 345 - 1327.6 1628.4 1727.6 1526.9 1169 737.3 373.8 142 F =84
> La.. 61°30'N..... e s 8 0.513 0.503 - 0.545 0.494 0.466 0.434 0.419 0.401 0.390 0.372 0.354
& LBt vc i Ris o & 13.9 21.0 27.4 38.6 50.3 57.86 60.1 58.1 50.2 37.7 22.9 13.v

Medford, Oregon H. . ... ..
Lat. 42°23'N.....

435.4 804.4 1259.8 1807.4 2216.2 2440.5 2607.4 2261.8 1672.3 1043.5 S7FE. ¢  34¢.5
0.353 0.464 0.527 0.584 0.625 0.648 0.710 0.689 0.628 0.526 0.384 0.313
39.4 45.4 50.8 56.3 63.1 69.4 76.9 6.4 69.8 58.7 41.1 40.5

1292.2 1554.6 1828.8 2020.8 2068.6 1991.5 1992.6 1890.8 1646.8 1436.5 1321 1183. 4
0.604 0.616 0.612 0.600 0.578 0.545 0.552 0.549 0.525 0.534 0.5590 0.588
1.6 12.0 73.8 77.0 9.9 82.9 84.1 84.5 83.3 80.2 75.8 72.8

Miami, Florlda . ........
Lat. 25°47'N. . .........

Midland, Texas . ........
Lat. 31°56'N. . .. .......
BB s vseneag

1066.4 1345.7 1784.8 2036.1 2301.1 2317.7 2301.8 2193 1921.8 1470.8 1244.3 1023.2
0.587 0.596 0.638 0.617 0.639 0.622 0.628 0.643 0.642 0.600 0.809 0©.611
47.9 52.8 60.0 68.8 7.2 83.9 B5.7 85.0 8.9 70.3 56.6 49.1

Nashville, Tenn.........
Laat. 3607w esiie s s
Bl 600 55 i ims o 4

589.7 807 1246.8 1662.3 1997 2149.4 2079.7 1862.7 1600.7 1223.6 823.2 614.4
6.373 0.440 C.472 0.514 0.556 0.573 0.565 0.554 0.556 0.540 0.454 0.426
42.6 45.1 52.9 63.0 71.4 80.1 83.2 81.9 6.6 65.4 52.3 44.3

o~ A= o= A o~ AT o~ Rl o~ R o~ Alm .,"Jr:!:l o~ A g )T o~ i

MNewPort, R.I.......... H 565.7 856.4 1231.7 1484.8 1849 2019.2 1942.8 1687.1 1411.4 1035.4 656.1 527.7
Lat: 41929'N. .oi vais saw s Rt 0.438 0.482 0.507 0.477 0.520 0.538 0.529 0.513 0.524 0.512 0.44 0. 460
D1 SN 1+ | e lﬂ 29.5 32.0 39.6 48.2 58.6 67.0 73.2 72.3 65.7 56.2 46.5 34.4




Appendix A (Continued)

Jan Feb Mar Apr May Jun  Jul Aug  Sep Oct Nov Dec
New York, N.Y. ........ R 539.5 790.8 1180.4 1426.2 1738.4 1994.1 1030.7 1605.9 1349.4 977.8 508.1 476
Lat, 40%48' N o v wus wn v K, ~0.406 0.435 0.48C 0.455 0.488 0.53  0.58 0.486 0.500 0.475 0.397 0.403
ELBIN. .ouis s G i t, 35.0 349 431 523 63.3 722 760 753 €9.5 59.3 48,3 3.7

Oak'Rldge; TOIE ais rivis »d
Lab 0NN o s s v
ELOOSIt.....c0n0uuns

604 895.9 1241.7 1689.6 1942.8 2066.4 1972.3 1795.6 1559.8 1194.8 796.3 610
0.382 0.435 0.471 0.524 0.541 0.551 0.538 0.534 0.542 0.527 0.438 0.422
41.9 44.2 51.7 61.4 69.8 71.8 80.12 78.8 74.5 62.7 50.4 4z.5

838 1192.6 1534.3 1849.4 2005.1 2355 2213.8 2211 1819.2 1409.8 1085.6 897.4
0.580 0.571 0.576 0.570 0.558 0.629 0.618 0.565 0.628 0.614 0.588 0.608
40.1 45.0 53.2 63.6 71.2 80.6 85.5 85.4 17.4 66.5 52.2 43.1

Lat. 35" 24'N. s wai ains o

Ottawa, Ontarfo. ........ 539.1 852.4 1250.5 1506.86 1857.2 2084.5 2045.4 172.4 1326.6 B26.9 458.7 408.5

Lat, 45%38'N: v avri v we
El. 10341t ....00000044

0.595 0.629 0.614 0.534 0.530 0.533 0.573 0.570 0.539 0.490 0.435 0,504
13.6 16.9 29.8 46.2 58.8 68.5 4.4 1.9 62.5 50.2 32.1 18.3

H
)
X
t
)
H
Lat. 45°20"N . .4.cas coian Rt 0.499 0.540 0.554 0.502 0.5290 0.554 0.560 ©0.546 0.521 0.450 0.359 0.436
2 P - [ { CET N RO S to 14.6 15.6 27.7 43.3 57.5 67.5 1.9 69.8 81.5 48.9 35  19.8
Phoenix, Ariz . ......... H 1126.6 1514.7 1967.1 2388.2 2709.6 2781.5 2450.5 2209.6 2131.3 1688.9 129¢ 1040.9
Lat. 33°26'N........ . Rt 0.65 0.691 0.716 0.728 0.753 0.745 0.€67 0.677 0.722 0.708 0.657 0.652
EL AN cwvinee e v to 54.2 58.8 64.7 72.2 80.8 89.2 84.6 92.5 ° 87.4 75.8 63.6 56.7
, ~ Portland, Maine..... e R 565.7 B874.5 1328.5 1528.4 1923.2 2017.3 2005.6 1799.2 1428.8 1035 S91.5 507.7
! Lat. 43°3IN . ..o sivinninins Rl 0.482 0.524 0.569 0.500 0.544 G.536 0.572 0.554 0.546 0.539 0.431 0.491
R cas e to 23.17 24.5 4.4 4.8 55.4 65.1 mn.1 69.7 61.9 51.8 40.3 28.0
Rapid City, 8.D........ 5 R 687.8 1032.5 1503.7 1807 2028 2193.7 2235.8 2019.8 1628 1179.3 783.1 590.4
Lat. 400N« e wvewae Rt 0.601 0.627 0.649 , 0.594 0.574 0.583 0.€12 0.622 0.528 0.624 0.58 0.588
El. 3218 % . .on von sinie o . t, 24.7 27.4 34.7 48.2 58.3 67.3 76.3 15.0 64.7 52.9 38.7 29.2
Riverside, Callf ........ 1 999.6 1335 1750.5 1943.2 2282,3 2492.8 2443.5 2263.8 1955.3 1509.6 1169 979.17
Lat. 335N w: iswwaaiia R‘ 0.589 0.617 0.64) 0.594 0.635 0.667 0.665 0.668 0.665 0.639 0.606 0.626
EL. 10201t , .......... . to 55.3 57.0 60.6 65.0 69.4 4.0 81.0 81.0 8.5 T1.0 63.1 57.2
St. Cloud, Minn...... ers g,‘ 632.8 9©76.7 1383 1598.1 1859.4 2003.3 204#7.8 1828.4 1369.4 B890.4 545.4 463.1
Y%

Salt Lake City, tah...... B 622.1 986 1301.1 1813.3 - - - - 1689.3 1250.3 - 552.8
Lat. 40°46'N, . ......... Kt 0.468 0.909 0.529 0.579 - - - - 0.621 0.810 - 0. 467
EL 22118 < oo avin sias on to 29.4 36.2 44.4 53.9 63.1 mn.n" 81.3 7.0 68.7 57.¢ "42.5 3.0
San Antondo, Tex ........ H 1045 1263.2 1560.1 1664.68 2024.7 B814.8 2234.2 2185.2 1844.6 1487.4 1104.4 954.6
Lat. 29°32'N..... sasses Rl 0.541 0.550 0.542 0.500 0.563 0.220 0.547 0.637 0.603 0.584 0.507 0.528
EL. WM s v wvac e v t 53.7 58.4 65.0 2.2 79.2 85.0 87.4 87.8 82.8 4.7 63.3 56.5




Appendix A (Continued)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Cec

Santa Maria, Calif . . ..... B 983.8 1206.3 1805.9 2067.9 2375.6 2500.6 2540.6 2293.3 10€5.7 1586.4 1169  943.9
Lat. 34°54'N. .. ........ K, 0.505 0.613 0.671 0.636 0.661 0.695 0.690 0.678 0.674 0.676 G.624 0.627
Bl 2R . s anasneas t, 54.1 55.3 57.6 59.5 61.2 63.5 65.3 65.7 659 64.1 60.5 56.1
Sault Ste. Marle, Michigan . )i 488.6 B843.9 1336.5 1559.4 1062.3 2064.2 2149.4 1767.9 1207 809.2 382.2 359.8
Lat. 46°28'N.......... : R, 0.490 0.560 0.606 0.526 0.560 0.549 0.590 0.564 0.481 0.457 0.323 0.408
Bl TEUI . ol o sabiinin ¢ 16.3 16.2 25.6 39.5 52.1 61.6 67.3 66.0 57.9 46.8 33.4 21.9
Sayville, N.Y .. ....... . " 602.0 936.2 1259.» 1560.5 1857.2 2123.2 2040.9 1734.7 1446.8 1087.4 697.8 533.9
TP L R . R, 0.453 0.511 0.510 0.498 0.522 0.564 0.555 0.525 0.530 0.527 0.450 0.447
ElL20ft. . ....... B t, 35 349 43.1 52.3 63.3 T2.2 176.9 75.3 68.5 59.3 48.3  37.7
Schenectady, H.Y........ H 488.2 753.5 1026.6 1272.3 1553.1 1687.8 1662.3 1494.8 1124.7 B820.6 436.2 356.8
Lab. 42°B0'N . o v suis e K, 0.406 0.441 0.433 0.413 0.438 0.448 0.454 0.458 0.426 0.420 0.309 0.331
N T o 24.7 24.6 349 48.3 6.7 70.8 76.9 73.7 64.6 53.1 40.1  28.0
Seattle, Wash .. ,....... i 282.6 520.6 992.2 1507  1881.5 1909.9 2110.7 1688.5 1211.8 702.2 386.3 235.5
Lat. 4T°2I'N. ........ .. K, 0.296 0.355 0.456 0.510 0.538 0.508 0.581 0.533 0.492 0.407 0.336 0.202
e t, 42.1 45.0 48.9 54.1 59.8 64.4 68.4 67.9 63.3 56.3 48.4  44.4
Seattle, Wash .. ........ R 252 471.6 917.3 1375.6 1664.9 1724  1805.1 1617  1120.1 638 325.5 218.1
5> Lat. 4T36'N....c.0on. . K, 0.266 0.324 0.423 0.468 0.477 0.450 0.498 0.511 0.450 0.372 0.284 0.260
b B M Boaesvenaseias . ty 38.9 42.9 46.9 51.9 58.1 62.8 67.2 6.7 61.8 54.0 45.7 41.5
Seabrook, N.J......00u. H 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. .. ........ K, 0.426 0.453 *0.476 0.481 0.504 0.522 0.530 0.51Y 0.524 0.508 0.449 0.416
El. 00 88 555 saivenase sasse 0 39.5 37.6 43.0 54.7 649 741 79.8 77.7 69.7 61.2 48.5  39.3
Spokane, Wash. . ........ W 446.1 B37.6 1200  1864.8 2104.4 2226.5 2479.7 2076 1511  844.6 486.3 279
Lot RPN Seswezvars K, 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 DU . o odominimtoingdis t, 26.5 31.7 40.5 49.2 57.9 64.6 73.4 717 62.7 515 37.4 30.5
State College, Pa........ H 501.8 749.1 1106.6 1399.2 1754.6 2027.6 1968.2 1590  1336.1 1017  580.1 443.9
Lat. 40400 oo oo oavns K, 0.381 0.413 0.451 0.448 0.493 0.539 0.536 0.512 0.492 0.496 0.379 0.376
EL 11751t .. ... g t 31.3 31,4 39.8 51.3 63.4 71.8 75.8 73.4 66.1 55.6 43.2 32.6
' Stillwater, Okla. . ....... H 763.8 1081.5 1463.8 1702.6 1879.3 2235.8 2°"4.3 2039.1 1724.3 1314  991.5 783
Lat. 36%0"N :ca saaores o K, ©0.484 0.527 0.555 0.528 0.523 0.596 C )4 0.607 0.599 0.581 0.548 0.544
EL 810ft.....oneuenn. % 41.2 456 53.8 64.2 71.6 81.1 8 98 859 1.5 61.6 52.6 43.9
Tampa, Fla.........0.. i 1223.6 1461.2 1771.9 2016.2 2228  2146.5 1991.9 1545.4 1687.8 1493.3 1328.4 1119.%
Lat. 27958 N . oi vias e o K, 0.605 0.600 0.606 0.602 0.620 0.583 0.548 0.537 C.546 0.572 0.500 0.589
BL v e somn mvass mie £ 64.2 657 68.8 T4.3 79.4 830 840 844 820 77.2 696 5.




Appendix A (Contirued)
G Feb Mar Apr © May  Jun Jul Aug Sep Oct Nov Dec

Toronto, Ontaro . . . ..... )i} 451.3  674.5 1088.0 1388.2 1785.2 1941.7 1968.8 1622.5 1284.1 835 458.3  352.8
Lat. 43°41'N. ... ....... K, 0.388 0.406 0.467 0.455 0.506 0.516 0.533 0.500 0,403 o 438 0.338 0,348
Elo MR . v s siswiosssias t, 26.5 26.0 34.2 46.3 58 68.4 73.8 7.8 643 526 40.9 30 2
Tucson, Arizoma ........ H 1171.9 1453.8 - 2434.7 - 2601.4 2202.2 2179.7 2122.5 1640.9 1322.1 11321
Lat. 32°07'N. . ......... K, 0.648 0.546 - 0.738 - 0.698 0.625 0.640 0.710 0.672 0.650 0679
N ———— ; b 3.1 513 623 6.7 18.0 870 90.1 87.4 840 719 625 561
Oplon, Y5 sds am o 5 R 583 872.7 1280.4 1609.9 1891.5 2159  2044.4 1789.8 1472.7 1102.6 686.7 551.3
Lat. 40°52'N........... K,  0.444 0.483 0.522 0.514 0.532 0.574 0.557 0542 0,542 0.538  0.448 0. 467
BUT5 B o i v idinsns t 3.0 349 4.1 523 6.3 722 6.0 153 60.5 50.3 4p 3 31.7
Washington, D.C. (WBCO). . R 632.4 9015 1255  1600.4 1846.8 2080.8 1929. 1712.2 1446.1 1083.4 763 5 594. 1
Lat. 38°51'N........... R, 0.445 0.470 0.496 0.504 0.516 0.553 0.524 0.516 0. 520 0.506 0.464 0. 460
EL 64Mt. ..., e t, 8.4 396 481 515 617 6.2 .9 TN.9 2.2  60.8 50.2 4592
Winnipeg, Man. . ........ H 488.2  835.4 1354.2 1641.3 1904.4 1962  2123.8 1761.2 1150.4 767.5 444.6 345
LAl ABCSOW o600 iva's Gt 0.601 0.636 0.661 0.574 0.550 0.524 0.587 0.567 0.504 0.482 0.436 O 503
EL 786ft........ AN t, 3.2 1.% 21.3  40.9 559  65.3 7.9 69.4 ,58.6 45.6 25.2 101

b3

]

_CO
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Appendix B

AVERAGE EARTH TEMPERATURE FOR
UNDERGROUND HEAT DISTRIBUTION SYSTEM DESIGN

The following list presents the average earth temperature from 0 to 10
feet below the surface for 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 Diffusivity at Selected Stations in the
United States'" by T. Kusuda and P, R. Achenbach (in ASHRAE Transacticns,
Volume 71, Part I, p. 61, 1965) using the monthly average air temperatures
published by the U.S. Weather Bureau for the listed localities in the
United States. Earth temperatures are expressed in fahrenheit degrees.

. Winter Sprin Summer Autumn Annual
Location Month  °  12,1,2 S48 6,7,8 9,10,11
Alabama

Anniston AP2 5S. 58. 70. 67. 63.
Birmingham AP 54. 58. 71. 58. 63.
Mobile AP 61. 63. 74. % o 16T
Mobile Cob 61. 64. - 75. T2 68.
Montgomery AP 58. 61. 73. 70. 65.
Montgomery CO 59. 62. 74, 71. 66.
Arizona
Bisbee COOP® 85, 58. 70. 67. 62.
Flagstaff AP 35. 39, 54. 50. 45.
Ft Huachuca (proving
ground) 5S. 58. 71. 68. 63.
Phoenix AP 60. 64. 79. 75. 69.
Phoenix CO 61. 65, 80. 76. 70.
Prescott AP 46. 49, 65. 61. SS.
Tucson AP 59, 62. 76. T8 68.
Winslow AP - 45, 49, 65. 61. 55.
Yuma AP i 65, 69. 84. BO. 5.
Arkansas |
Fort Smith AP 52. 56. 72. 68. 62.
little Rock AP S3. 57. 72. 68. 62.
Texarkana AP 56, 60. 74. 71 65.
California
Bakersfield AP 56. 60. 74. 70. 65.
Beaumont CO 53. 56. 67. 64. 60.
Bishop AP 47, 51. 65. 61. 56.
Blue Canyon AP 43, 48, 58. - 5S. 50.
Burbank AP 58. 60. 68. 66, 63.
Eureka CO - S0. 51. 54, 54, 52.
Fresno AP . 54, 58. 72. 68, 63.
Los Angeles AP 58. 59. 64. 63. 6l.
Los Angeles CO 60. 61. 68. 66, 64,

B-1




77

Loca:icn Winter Spring Summer Autumn Annual
California
Mount Shasta CO 41, 44, 57. 54. 49.
OGakland AP 53. 54. 60. 89. 56.
Red Bluff AP 54. 58. 72. 69. 63.
Sacramento AP 83, 56. 67. 64. 60.
Sacramento CO 54, 57. 68, 65. 6.
Sandberg CO 47. 50. 63. 60. SS.
San Diego AP 59, 60. 66. 65. 62.
San Francisco AP 53. 54. 59. 57. 56.
San Francisco CO §5. 55, 59, 58. 57.
San Jose COOP 5S. 57. 64. 62. 59.
Santa Catalina AP 57. 58. 64. 62. 60.
Sunta Maria AP 54. 55. 60. 59. 57.
Colorado
Alamosa AP 30. 35. 52. 48. 41.
Colorado Springs AP 39. 43, 59. 55. 49,
Denver AP 39. 43, 60. 56. S0.
Denver CO . 41. 45, 61. 58. 51,
Grand Junction AP 39, 44. 65. 60. 52.
. Pueblo AP 41. 45. 62. s8. 51.
Connecticut .
Bridgeport AP 40. 44, 61. 57. s0.
o Hartford AP 39, 43, 61. 57. 50.
Hartford AP (Brainer) 39, 43, 60. 56. 50.
New Haven AP 40, 44, 60. 56. 50.
Delaware
Wilmington AP 44, 48. 64. 60. 54.
Washington, D.C.
Washington AP 47. 51. 65. 63. 56.
Washington CO 4 47. S1. 66. 63. 57.
Silver Hill OBS 46. s0. 65. 61. 5S.
Florida
Apalachicola CO 63. 65. 75. 73. 69.
Daytona Bea:h AP 65. 67. TS 74. 70.
Fort Myers AP 70. 71. 78. 76. 74.
Jacksonville AP 63. 66. 75. 73. 69,
.Jacksonville CO 64. 66. 76. . 70.
Key West AP 74. 75. 80. 79. 7.
Key West CO 75. 76. 81. 79. 78.
Lakeland CO 68. 69. 77. 75. 1z
Melbourne AP 68. 70. T2 75. 72.
Miami AP 72. 74. 79. 78. 76.
Miami CO 72. 73. 78. 77. 75.
Miami Beach COOP 74. 75. 80. 78. 7.
Orlando AP 68. 70. 7. 75. 72.
B-2




Location Winter  Spring Summer Autumn Annual
: ‘
' Florida ’
2 Pensacola CO 62. 64. 74. 72. 68.
i Tallahassee AP 6l1. 64. 74. 72. 68.
Tampa AP 68. 69. 77. 75. 72.
West Palm Beach 71. 73. 79. 77. 75.
. Georgia - .
Albany AP 60, 63. 75. 72. 67.
Athens AP S4. 58. 71, 68. 63.
Atlanta AP 54. 57. 70. 67. 62.
Atlanta CO . 54, 57. 70. 67. 62.
Augusta AP S6. 59. 72. 69. 64.
Columbus AP 56. 59. 72. 69. 64.
Macon AP 58. 61. 74. 71. 66.
Rome AP s3. 86. 70. 67. 61.
Savannah AP 60. 63. 74. 71. 67.
Thomasville CO 62. 64. 74. 72. 68.
Valdosta AP 61. 64. 74. 72. 68.
Idaho
Boise AP 40. 44, 62. 58. 51.
Idaho Falls 46 W 30. 35. 55. 50. 42,
Idaho Falls 42 N W 28. 33. 54. - 49, 41.
Lewiston AP 42. 46. 63. 59. 52.
Pocatello AP 35. 40. 59. 55. 47.
Salmon CO : 32. 37. 56. 52. 44.
Illinois
Cairo CO 49. 83. 70. 8%. 60.
Chicago AP 38. 45. 62. 57. 50,
Joliet AP 37. 42, 61. 56. 49,
Moline AP 38. 43. 62. 58. 50.
Peoria AP 39. 44, 63. 58. 51.
Springfield AP 41, 45, 64. 60. 52.
Springfield CO 43, 47. 66. 62. 54.
Indiana
Evansville AP 47. 51, 67. 63. 57.
Fort Wayne AP > 39, 43, 61. 57. 50.
Indianapolis AP 41. 46, 64. 59. 52.
Indianapolis CO 43. 48. . 65, 61. 54.
South Bend AP 38. 42. 61. 56. 49,
Terre Haute AP 42, 47. 65. 60. 53.
Iowa ]
Burlington AP 39. 44, 64. 89. 51.
Charles City CO 33. 38. 60. 5§, 46.
Davenport CO 39, 44, 64. 59, 51.
Des Moines AP 37. 42. 83 - 58. 50.
Des Moines CO 38. 43, 64. 59. 51.




Location Winter Spring Summer Autummn Annual
Towa 2
Dubuque AP 34. 39. 60. 55. 47.
Sioux City AP © 35. 40. 62. s7. 49,
Waterloo AP 35. 40. 61. 56. 48.
Kansas
Concordia CO 42. 47. 67. 62. 54.
Dodge City AP 43, 48. 67. 62. 55.
Goodland AP 38. 43, 62. St s 50.
Topeka AP 43. 47. 66, 62. 85.
Topeka CO 44, 49. 68. 63. 56.
Wichita AP 45. S0. 68. 64. 57.
Kentucky
Bowling Green AP 47. 51. 67. 63. 57.
Lexington AP 44. 48, 65. 61. 54.
Louisville AP 46. 50. 67. 63. 56.
Louisville CO 47. 51. 67. 64. 57.
Louisiana
Baton Rouge AP 61. 63. 74. 72. 67.
Burrwood CO 65. 67. 77. 74. 71.
Lake Charles AP 61. 64. 75. T3 68.
New Orleans AP 63. 65. 7S. 73. 69.
New Orleans CO 64. 65. 77. 74. 70.
Shreveport AP _58. 61. 75. 72, 66.
Maine :
Caribou AP 24. 29. 50. 45, 37
Eastport CO 33. 37. S1. 48, 42.
Portland AP 33. 38. 56. Sl1. 44.
Maryland
Baltimore AP 45. 49, 65. 61. S5,
Baltimore CO 47. 51. 67. 63. 57.
Fiederick AP 44. 48. 65. 61. Ss.
Massachus=2t:z
Bosvon AP 41. 44. 61. 57. Si.
Na « et AP 41. 44, 57. 54. 49,
P/ vi ield AP 34, 38. SS5. S1. 44,
Wor:.ster AP 36. 40. s8. 54. 47.
Michigan ‘
Alpena CO 33. 37. 54. 50. 43.
Detroit Willow Run AP 38. 42, 60. 56. 49,
Detroit City AP 38. 43, 60. $6. 49,
Escanaba CO 30. - 35. S3. 49, 42.
Flint AP 36. 40. S8. 54, 47.
Grand Rapids AP 3s. 40, 58. 54. 47.
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Location Winter Spring Summer Autumn Annual

Michigan
Grand Rapids CO 38, 42. 60. . 56. 49.
" East Lansing CO 36. 40. 58. 54. 47.
Marquette CO 31. 35. 53. 49, 42.
Muskecon AP 36. 40. 57. S3. 47.
Sault Ste Marie AP 28. 32. 51. 47. 33,
Minnesota g
Crookston COOP 25. 31. 55. 49, 40.
Duluth AP 25. 30. I 47. 38,
Duluth CO 26. 31. 52. 47. 39,
International Falls © 22 273 S1. 45. 36.
Minneapolis AP 32. 37. 60. 54. 46.
Rochester AP . A 36. 58. v .55, 44,
Saint Cloud AP 28. 33.- 56. 51. 42,
Saint Paul AP 32. 37. 60. 54. 46.
Mississippi
.Jackson AP 57. 6l. 73. 70. 65.
Meridian AP 5) 60. 72; 69. 64.
Vicksburg CO S8. 61. 74. 7Y, 66.
Missouri .
Columbia AP 43. 48. 66. 62. 8S.
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. 50. 68. 64. 57.
Springfield AP 45. 49, 66. 62. 56.
Montana
Billings AP 3S. 40. 59. §S. 47.
Butte AP 27. 31. 50. 45. 38.
Glasgow AP 27. 33. 56. 51. 42.
Glasgow CO 28. 34. 57. 52. 43.
Creat Falls AP 34. 38. 56. 52, 45.
Harve CO 31. 36. 57. 52. 44.
Helena AP 31. 36. 5S. S0. 43,
Helena CO 32. 36. SS. 50. 43,
Kalispell AP 32. 37. 54. S0. 43.
Miles City AP 32, 37. 59. 54, 45.
Missoula AP 33, 37. 56. s1. 44.
Nebraska
Grand Island AP 38. 43, 64. 59. s1.
Lincoln AP 39. 44, 64. 60, 52.
Lincoln CO University 40. 45, 65. 61. 53.
Norfolk AP 35. 40. 62, 57. 48.
North Platte AP 37. 42, 62. 57. 49,
Omaha AP 39. 44, 65. 60. LY
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Location Yinter Spring Summer Autumn Annual

Nebraska .
Scottbluff AP 56. 4]1. 60. S6. 48.
Valentine CO 35. 40. 61. 56. 48.
Nevada
Elko AP 4. 39. 57. 83. 46.
Ely AP 3s. 39. 56. 52. 4%,
Las Vegas AP 56. 60. 78. 74. 67.
Reno AP 40. 44, 58. 55. 49.
Tonopah 41, * 45, 61. 57. Ly
Ninnemucca AP 38. 42. 60. 56. 49.
New Hampshirs =
Concord AP 33. 38. 56. 52. 45.
Mt Washington COOP 17. 21. 37. 33. 27.
New Jersey
Atlantic City CO 45, 49, 63. 60. 54.
Newark AP 43, 47. 63. 59. 53.
Trenton CO 43. 47. 64. 60. 53.
New Mexico
Albuquerque AP 46. 50. 67. 63. 57.
Clayton AP 43. 47. 63. 59. 53.
Raton AP 38. 42. : S8, 54, 48.
Roswell AP S1. 54, 65. 66. 60.
New York
Albany AP 36. 40. 59. 54. 47.
Albany CO 38. 43, 61. 56. 49,
Bear Mountain CO 38. 42, 59. 55. 48.
Binghampton AP 34. 38. 56. 52. 45,
Binghampton CO 38. 42. 59, 85, 48.
Buffalo AP 37. 41. 58. 54, 47.
New York AP (La Guardia) 44. 48. 64. 60. 54.
New York CO 44. 47. 63. 59. §3.
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 3s5. 40. 59. 5s. 47.
Syracuse AP 38. 42. 60, S6. 49.
North Carolina
Asheville CO 48. Sl. 64. 61, 56.
Charlotte AP 52, S5. 69, 66. 60.
Greensboro AP 49, 53. 67. 64. 58.
Hatteras CO s6. 59. 70. 68. 63.
Raleigh AP Sl. Ss. 69. 65. 60.
Raleigh CO 52. S6. 70. 66. 61.
Wilmington AP 56. 59, 71. 69. 64,
Winston Salem AP - 50, 53. 67. 64. 58.
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Location Winter Spring Summmer Autumn Annual
North Dakota ;
Bismarck AP 27. 33 56. 51. 42.
Devils Lake CO 24, 29. 54, 48. 39,
Fargo AP ' 26, 32. 56. 50. 41,
Minot AP 25. 31. 54. 49. 39.
Williston CO 27. 33. 56. 50. 41.
Ohio
Akron-Canton AP 39, 43. 60. 56. 50.
Cincinnati AP 43. 47. 64. 60. 54,
Cincinnati CO 46. 50. 66, 63. 56.
Cincinnati ABBE OBS 45. 49. 65. 61. 55.
Cleveland AP 40. 44. 61. 57. 51.
Cleveland CO 41. 45, 62. S8. 51.
Columbus AP 41. 46. 62. 59. 52,
Columbus CO 43, 47. 64. 60. 53.
Dayton AP 42, 46. 63. 59, 52.
Sandusky CO 41. 45. 62. 58. 51.
Toledo AP 38, 43, 60. 56. 49.
Youngstown AP 39. 43, 60. 56. 50.
Oklahoma
Oklahoma City AP 50. 54. 71, 67. 60.
Dklahoma City CO 50. 5S. 71. 68. 6l.
Tulsa AP 50. 54. 71. 67. 61.
Oregon
Astoria AP 47. 48. 56. 54. 51.
Bakes CO 36. 40. 56. 52. 45.
Burns CO 36. 40. 58. 54. 47,
Eugene AP 46. 48. 59. s7. 52.
Meacham AP 34. 38. 52. 49, 43,
Medford AP 46. 49, 62. 59. 54,
Pendelton AP 42. 46. 63, 59. 53.
Portland AP 46. 49, 60. 57. s3.
Portland CO 48, 50. 61. 59. 5s.
Roseburg AP 47, 49. 60. 57. 53.
Roseburg CO 48. 51. 61. 59. S5.
Salem AP 46. 49, 60. §7. 53.
Sexton Summit 42, 44, §5. 52. 48.
Troutdale AP 45, 48. 59, 57. 52.
Pennsylvania
Allentown AP 40, 44, 62. 58. 51.
Erie AP 38. 42, 58. 5S. 48.
Erie CO 40. 44, 60. 56. 50.
Harrisburg AP 43, 47. 63. 59. 53.
Park Place CO 36. 40, 57. 53. 46.
Philadelphia AP 44, - 48. 64. 61. 54.
Philadelphia CO 46, 50. 66. 62. 56.
Pittsburgh Allegheny 42, 46. 62. 58. 52.
B-7




Location Winter Spring Summer Autumn Annual
Pennsylvania
Pittsbu.zh GRTR PITT 40. 44. 61. 57. 51.
Pittsburgh CO 44, 43, 64. 60. S4.
Reading CO 43. - 47, 64. 60. 54.
Scranton CO 40. 44, 61. 57. 50.
Wilkes Barre-Scranton 39, 43. 60. 56. 49,
Williamsport AP 40. 44, 61. 57. 51.
Rhode Island
Block Island AP 41. 45. 59. 85, S0.
Providence AP 39. 43, 59, 56. 49,
Providence CO 41, 45. 62. 58. 5.
South Carolina
Charleston AP 58. 61. T2, 70. 65.
Charleston CO 60. 62. 74. 71. 67.
Columbia AP 56. 59. Ts 69. 64.
Columbia CO 57. 60. 2. 69. 64.
Florence AP S5, 59. b 7 4F 69. 64.
Greenville.AP 53. 56. 69. 66, 61.
Spartanburg AP s3. 56. 70. 66. 61.
South Dakota
Huron AP 31. 37. 60. 55. 46.
Rapid City AP 34. 39. 58. 54. 46.
Sioux Falls AP 12, 17. 60. 55. 46,
Tennessee
Bristol AP 48. 81. 65. 62. 56.
Chattanooga AP Bl. 8s. 69. 65. 60.
Knoxville AP . 50. 54, 68. 65 59,
Memphis AP 52. 56. 71, 68. 62.
Memphis CO 53. 57. 72. 68. 62.
Nashville AP 51, 54. 69. 66. 60.
Cak Ridge CO 49, 52. 67. 64. S8.
Oak Ridge 8 S 49, 52. 67. 64. S8.
Texas
Abilene AP 55. S8. 73. 70. 64.
Amarillo AP 47, 50. 67. 63. 57.
Austin AP 60. 63. 76. 73. 68.
Big Springs AP 56. §9. 74. 70. 65.
.Brownsville AP 68. 70. 79. 7. 74.
Corpus Christi AP 65. 68. 78. 76. 123
Dallas AP 57. 61. 76. i 66,
Del Rio AP 62, 65. i 7 75. 70.
El Paso AP 54. 58. 72. 69. 63.
Fcrt Worth AP (Amon
Carter) 57. 60. 75. 72. 66.
Galveston AP 63. 66. . 74. 70.



Location Winter Spring Summer Autymn Annual
Texas .
Galveston CO 63. 66. 77. 74. 70.
Bouston AP 62. . 65. 76. 73. 69.
Houston CO 63. 66. 77. 74. 70.
Laredo AP 67. 70. 81. 79. 74.
Lubbock AP 50. 54, 69. 65. 59,
Midland AP 55; 59. 73; .70. 64.
Palestine CO 58. 62. 74. i 66.
Port Arthur AP 8l. 64. 78. R 68.
Port Arthur CO 63. 65. 76. 74. 69.
San Angelo AP 58, 61. 74. 71. 66.
Sun Antonio AP 61. 64. 77 74. 69.
Victoria AP 64. 67. 78. 76. 71.
Waco AP 58. 62. 76. 73. 67.
Wichita Falls AP 53.° 57. 73. 69. 63,
3 Utah :
' Blanding CO 39. 43, 60. 56. 50.,
Milford AP 37. 42, 61. 56. 49,
Salt Lake City AP 40, 44, 63. 59. 51.
Salt Lake City CO 41. 46. 65. 60. 53.
! Vermont i
Burlington AP 32. 37. 52. 52. 44.
{ Virginia .
' Cape Henry CO 51. 55. 68. 65. 60.
g Lynchburg AP 48, 51, 66. 62. 57.
& Norfolk AP 51. 54. 68. 64. 59.
Norfolk CO 52. 56. 69. 66. 61.
Richmond AP 48, 82. - 67. 63. S8.
jI Richmond CO s0. S3. 68. 64. 59.
- Roanoke AP 48, 51. 66. 62. 57.
N
I Washington
7 Ellensburg AP 37. 41, 59. §5. 48.
e : Kelso "P 45, 47. 57. 54. 51.
\< North Head L H RESVN 47. 49, 54. 53, S1.
Olympia AP 44. 46, 56. 54. 50.
Omak 2 mi N W © 36. 40. 59. SS. 47,
Port Angeles AP 45, 46. 53. 52. 49,
Seattle AP (Boeing
Field) 46. 48. 58. 56. $2
Seattle CO 47. 50. 89. §7. 83,
| Seattle-Tacoma AP 44, 47. 57. 55. s1.
£y Spokane AP 7. 41. 58. 54. 47.
y |_ Stampede Pass 32. 3s. 48. 45, 40.
-.»3 Tacoma CO 46. 48. 58. 55. 52.
X Tattosh Island CO 46. 47, s2. Sl. 49,
) Walla wWalla CO 44. 48. 65. 61. 54.

Yakima AP 40. 44. 6l. 57. 50.




Location Winter Spring Summer Autumn Annual
West Virginia .
Charleston AP 47. 50. 65. 61. 56.
Elkins AP 4. 45. 59. 56. S0.
Huntington CO 48, 52. 67. 63. 57.
Parkersburg CO 45. 49. 65. 6l. 55
Petersburg CO 44. 48. 63. 60. 54.
Wisconsin ;
Green Bay AP 1. 36. 56. 51, 44,
La Crosse AP 32. 38. 60. S5. 46.
Madison AP 34. 39. 59. 54. 47,
Madison CO 34. 3S. 60. 55. 47,
Milwaukee AP 3s. 40. S8. 54. 47.
Milwaukee CO 36. 41. - 89. 85, 48.
Wyoming
Casper AP 4. 38. 57. 52. 45,
Cheyenne AP 35. 39. 5S. 51. 45,
Lander AP 31. 35. 56. 51. 43,
Rock Springs AP 31. 3s5. 54. 50. 42,
Sheridan AP 33. 37. 56. 52. 44,
Hawaii
Hilo AP 72. 72. 74. 74, 73.
Honolulu AP 74. 75. y i 77.. 76.
Honolulu CO 74. 74. 77. 76. 75.
Lihue AF 72. 73, 76. 75. 74.
Alaska
Anchorage AP 25. 29. 46. 42. 3%
Annette AP 40. 42, 51. 49, 46.
Barrow AP 4, 7. 16. 14, 10.
Bethel AP 18. 23, 41, 37. 30.
Cold Bay AP 33. 3s. 43, 41. 38.
Cordova AP 32. 3S. 45. 43. 39.
Fairbanks AP 14. 19. 38. 34, 26.
Galena AP 13. 18. 37. 33. 25.
Gambell AP 18. 15. 34. 30. 24.
Juneau AP 34. 36. 47. 45, 41.
Juneau CO 36. 39, 49, 46, 42.
King Salmon AP 25. 28. 44, 40. 14,
Kotzebue AP 10. 14, 31. 27 21,
McGrath AP 14. 18. 27 . 33. 25,
Nome AP 16. 20. 37. 33. 26.
Northway AP 12. 16. 32, 29. 22,
Saint Paul Island AP 31 32. 40. 38. 3s.
Yakutat AP 33, 36. 45. 43. 39.
West Indies
Ponce Santa Isabel AP 75. 76. 78. 78. 77.
San Juan AP 77. 7. 79. 79. 78.

B-10
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Location ainter Spring Surmer Autumn Annual
West Indies t
San Juan CO 77 77. 79. 79. 78.
Swan Island 80. 80. 82. 8l. 81.
Virgin Islands
St Croix, V.I. AP 78. 78. 81. 80. 79.
Pacific Islands i
Canton Island AP a3. 84. 84. 84. 84.
Koror 81. g1. 81. 81. 81.
Ponape Island AP . 81. 81. 8l. 81. 81.
Truk Moen Island 81. 81. 81. 81. 81.
Wake Island AP 79. 79. Fi. 81. 80.
Yap 81. 81. *2. 82. 82.
a

AP = Airport data.

bco = City office data.

€coop = Cooperative weather station.
d

O0BS = Observation station.

B-11
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Appendix C

Fortran Listing of the Computer Program

C=-1




Subroutine
Name
MAIN
HCLD
SOLDAT
D
F
SAT
ATTIC
CRAWL
GF
SLABR
GAMMAR
BSMT
QECHG
QG
INFIL
QI
DBRH
PVSF
QR
HLHG
THTCX
HCRT
SEU
EREQ

HWHREQ

Subroutine
Description
Main program
Heating and cooling load determination
Solar radiation data (Liu-Jordan)
A subroutine of SOLDAT
Slab-on-grade perimeter heat loss (unused)
Sol-air temperature
Attic alr temperature
Crawl space air temperature
Ground flonr heat loss
Slab-on-grade thermal resistance
A subroutine of SLABR
Basement temperature
Opaque envelope (wall, roof) heat transfer
Window heat gain
Infiltration rate
Infiltration heat gain
A psychrometric routine
A psychrometric routina
Internal heat gain
Bullding heat loss and heat gain
Thermal time constant
Heating and cooling requirement
Solar energy utilization
Energy requirement

Hot water hecating requirement

Cc-ii

c-1
Cc-3

Cc-15

c-19
c-20
¢<21
c=22
c-23
C-24

Cc-26

c-38
c-39
C-40
Cc-41

C=43



(continued)

Subroutine
Name
CSDUPI
ASDUPI
BMDUPI
OSDUPI
ZKDN
PsSy2
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 factor
A psychrometric routine
A psychrometric routine
Energy analysis by the degree day method
Linear interpolation subroutine
Maximum value
Minimum value

Sample run

C-144

Page

C-44
C-45
C-46
C-47

C-48




Q8Q80B8xCONSP6( 1) . MATN(23)

1 c THIS IS THF HOME ENERCY AUDIT PROGRAM OF NBE
2 c CALCULATION PROCEDURES ARE BASED ON THE MONTTILY RORMAL WEATHER DATA AND ON THE
3 Cc VARIABLE DECREE DAY METHODS. DETAILS OF THE ALCORITHHM ARE CIVER IN
4 c NBSIR 86-1961 ERTITLED *SIMPLIFIED HEATINC AND COOLING ENERCY CALCULATIORS
3 c FOR RESIDENTIAL APPLICATIONS® BY T. KUSUDA AND TOMONORI SAITOH.
6 Cc
7 DIMENRSION B(350),R(50) ,HLEWHI( 12) , HLHWH2(¢ 12) ,SAVE( 12)
a8 1,00QC(12) ,QQH( 12) , WHREQ( 12) ,CDEG( 16) , HDEG( 16) , TOD( 12) , TOR( 12)
9 DIMENSION TOWN(4)/' WASHI','KGTON ',' DC g e
1@ DIMENSION HOUSE(4)/' HASTI','NGS HO','USE " g
11 C HRDAY DAYTIME HOURS
12 c HRNIT KIGHTTIME HOURS
13 c CDEG COOLING DEGREE DAYS FOR BASE 43 THROUCH 66 DEG F
14 C HDEG IEATING DEGREE DAYS FOR BASE 43 THROUCH 68 DEC F
15 COMMON/HR/HRDAY( 12) ,HRNIT( 12)
16 C DATA DEFINITIONS ARE IN THE SUBROUTIRE HCLD
17 c B(1),I=1,337 : INPUT
18 Cc Rep),1=1,50 : OUTPUT
19 DATA (B(I),1-1.153)/
20 * 9600.0,0.5,38.4,39.6,48.1,57.5,67.7,76.2,79.9, 1-9
21 *77.9,72.2,60.9,50.2,40.2,35.6,37.3,45.1,056.4, 1e-18
22 *66.2,74.6,78.7,77.1,70.6,59.8,48. ,37.4,70.,70.,70.,70.,78.,78.,78. 19-33
23 *,78.,78.,70.,70.,70.,65. ,63.,65.,65.,78.,78.,78.,78.,78.,63.,63., 34-49
24 %65.,1.,-9999.,-9999.,9.9. 50-34
| 28 *10.4,10.9,10.5, 9.2, 8.7, B.1, 6.8, 8.2, B.5, 55-63
P 26 * 9.2, 9.4,-9999.,-9999.,180.90,38.5,0.2,20234. ,55. 10, 64-72
c’f 27 *9.80,1.13,0.0,270.0,0.0,0.0, ©.10,80.6, 0.0, 73-81
pd 28 * 72.00,0.80,1.13,0.0, 90.0,0.0,0.0,0.1,0.9, 82-96
29 *90.0, .75,1.0,70.0,70.9,70.0,70.0,79.0,70.0, 91-99
' 38 . *70.0,70.0,70.0,70.0,70.0,70.0,0.0, 0.0,1.9, 100-108
31 g *10.0,0.0,0.9,-9999,,-9999, ,-9999, ,-9999.,-9999.,-9999., 109-117
32 . *-9999 . ,-9959. ,~9999,,-9999,,-9999.,-9999. ,0.100,244.9,1.0, 118-126
as - *10.,0.,.9,.1,240.,1.,10.,90.,.9,.1,248..1.,10.,0.,.9,.1,240.,1., 127-144
34 *0.0,0.0,80, ,60.,0.0,0.0,0.9,0.2,0.625/ 145-153
335 DATA (B(I),1=154,314)/
36 *1.0,1.0,-9999,.,37.5, 3.0, 0.05, 0.4,-9999., e.1, 154-162
a7 *75.9,6.9,9.0,1.0,1.0,140.0,60.0,62.0,64.0, 163-171
as *66.0,67.90,68.0,67.0,66.0,65.0,64.0,62.0,61.0, 172-180
39 *0.0,0.0,0.0,0.0,0.0,1.79,3.0,116.4,260.4, 181-189
40 * 846.0,508.8,1200.0,1200.0,1.0,3.90,0.164,0.0,1.0, 190-198
41 *0.1,0.6,20.0,1.0,500.,500.,1.0,0.516,0.553, 199-207
42 *0.524,0.516,0.520,0.506,0.464,0.460,632.4,901.5,1255.0, 208-216
43 *x1600.4, 1846.8,2080.8,1929.9,1712.2,1446.1,1083.4,763.5,594.1, 217-223
44 *0.67,-9999.,-9999. ,-9999, ,-9999. ,-9999.,2.1,-9999, ,-9999,, 226-234
45 *-9999, ,-9999, ,-9999, ,-9999, ,-9999., 2.0,20.0,20.0,20.0, 235-243
46 *20.0,20.0,60.0,60.0,60.0,60.0,20.0,20.0,20.0, 244-252
47 %20.0,20.0,20.0,20.0,20.0,60.0,60.0,60.0,60.0, 253-261
48 *20.0,20.0,20.0,69.0,67.0,68.0,68.0,72.0,75.0, 262-270
49 *75.0,79.0,80.0,79.0,73.0,71.0,54.0,52.0,49.0, 271-279
50 *47.06,51.0,52.0,52.0,54.06,55.0,51.0,52.0,57.90, 280-208
51 *-9999, ,0.0,0.9,0.49,20.0,-9999.,0.0,0.0,0.90, 289-297
52 *0.0,-9999.,0.0,0.0,0.0, 9.6,-9999.,0.0,0.0, 298-306
. 1 53 20.46,0.0,1.0,40.0,0.08,0.025,0.0,0.0~ 307--314
E 54 DATA (B( D), 1=315,337)7
¥ - 355 162.6,41.0,140.0,176.0, J15-316
e 38 2100.0,0.57,0.0,1.46, 319-0022
\\' 57 30.06,0.57,0.0,1.46, 223-026
1




58 4100.0,0.57,0.0,1.46, 327-330

50 50.0,1.46,0.0,4.10,10.0,0.0,64000.0/ 331-337
60 DATA CDEG/2251..2084.,1927.,1773..1626.,1483.,1346.,1210.,1078.,
61 %953, .830.,718.,615.,520.,427. ,344.~,1IDEC/B27.,936.,1052..1174.,
62 1298, , 1430., 1568. ,1714.,1861.,2018.,2185.,2359. ,2537.,2722, ,2911.,
63 *3107.7
64 DO 100 I=1.4
65 B( 1+337) =TOWN( 1)
66 180 B(I1+341)=HOUSE(1)
67 CALL NCLD(B,R, IILHWH!, HLIWH2, SAVE, QQC, QQH, WHREQ, THT, TCT)
63 TBTU=R(2)-R( 1)
69 WRITE (6,.1600) (R(E),1=1,2)
70 WRITE €6, 1010) TBTU
71 c
72 c VARIABLE DEGREE DAY METHOD CALCULATION
73 CALL DEGDAY(R,CDEG, HDEC, THAT, TCT)
74 SUMI=0.@
75 SUM2=6.0
76 SUM3=0.0
r SUM4=0.06
78 SUM5=0.0
79 SUM6=0.0
80 SUMZ=0.0
81 DO 200 I=1,12
82 SUMI=SUMI+HLEWHI( 1)
, 83 SUM2=SUM2+RLHWHZ( 1) 7
84 SUM3=SUM3+SAVE( 1)
© as SUM4=SUM4+WHREQ( 1)
86 SUM5=SUM5+QQC{ I}
N g7 SUM6=SUM6+QQII( 1}
88 SUM7=SUM4-SUM2
89 2606 CONTINUE
90 WRITE(6, 1001) SUMI
91 1001 FORMAT(1H ,'ANNUAL HEAT LOSS THROUGH NON-ADDITIONAL JACKET INSULA
92 1TION OF HOT WATER TANK : *,G10.4)
93 WRITE(6, 1002) SUM2
94 1002 FORMAT( tH , * ANHUAL HEAT LOSS THROUCH ADDITIONAL JACKET INSULATION
85 IUF AOT WATER TANK : *,C10.4)
96 WRITE(6, 1003) SUTN3
97 1003 FORMAT(IN ,'ANNUAL ESERGY SAVINKG BY ADDITIONAL INSULATION OF HOT W
9a IATER TANK : *,C10.4)
99 WRITE(6, 1004) SUM4
100 1604 FORMAT(1H ,'ANNUAL HOT WATER REQUIREMENT, INCLUDINC JACKET HEAT LOS
101 1S : *,C10.4)
102 WRITE(6, 1005) SUM7
103 1005 FORMAT(1H ,*ANNUAL HOT WATER REQUIREMENT,EXCLUDING JACKET HEAT LO3
104 IS : *,C10.4)
105 WRITE(6, 1006) SUMS
106 1606 FORMAT(1H ,'ANNUAL HEAT GAIK THROUGH DUCTS & PIPES FOR SPACE COOLI]
107 ING : ',G10.4)
108 WRITE(6, 1007) SUM6
103 1007 FORMAT( 1H , *ANNUAL HEAT LOSS THROUGH DUCTS & PIPES FOR SPACE HEATI
11 ING : °,G10.4)
111 1000 FORMAT( 1R ,40X,*SHBTVU = *,F15.8,5X,'SCBTU = ',F15.0)

1010 FORMAT ¢7H TBTUY=,Fii.0)

112
113 STOP
114 END




Q3Q3Q3*CORSP6( 1) . HCLD( 3)

1 SUBROUTINE HCLD (B, R,HLHWHI,HLHWH2,SAVE,QQC, QQH, WHREQ, SUNM1,85UM2)
2 C
3 c EEXREKEEFK ERREXEEXRE ERERREKEREE
4 Cc
5 Cc HEAF DEATING/COOLING LOAD DETERMINATION ROUTINE
6 c
. 5 7 c PR 22 222 2 EXEREEREER FEERTEREEEER
b 8 c
b ] 9 COMMON/HR/HRDAY( 12) ,HRNIT( 12)
X \ 10 DIMENSION TOD( 12) , TOR(12), TID(12), TIRC12) ,RIRFIL(12),
1 11 1 RH(2,12), QISD(12), Q@ISR(12),QILD(12), QILN(12),
12 2 XIDT(12), XIDD(12), @GDI(12), @QGNI(12), e@GD2(12), QCN2(12),
13 3 QCD3(12), QaGR3(12), @QCD4(12), QCN4(12), QeCD( 12), QCN(12),
14 4 QS(12), SATD(12), SATR(12), GD1C(12), CN1(12), GDh2(12),
13 5 GR2(12), GD3(12), GR3(12), GD4(12), GN4(12), QDD( 12) ,
16 6 QDNC 12), aecD(12), QCN(12), FO(12), TwDI(12), TWNI1(12),
17 7 ATD( 12), ATR(12), QFD( 12) , QFN( 12) ,CRAVWLD( 12) ,CRAWLN( 12),
[ 18 8 QRD(12), QRN(12),TOT(12) ,B(350) ,R(58),
S el 19 9 QIbdc12), QIN(12), QTD( 12}, QTN( 12), HG(12), HL(12),
20 A RLHG(12), HREQ(12), CREQ(12),
g 21 B QwD( 12}, QWN(12), ZT(12),
22 c TE(12), TG 12) , H(12), BSMTD(12), BSMTN(12), TOWN(4)
23 D ,TWD2(12), TWN2(12), TWD(12), TWNC 12)
24 DIMERSION DAYS(12).3t.,28.,31.,30.,31.,306.,31.,31.,30.,31.,30.,31.
25 */ .
. K I 26 DIMERSIONR XIDTS(12), XIDDS(12), XIDTW(12), XIDDW(12), XIDTR(12),
\ nl 27 1 XIDDN(12). _{IDTE(12), XIDDE(12), AA(32), BQFD(12), BQFR(12),
‘] 28 2 ATeCD( 12), ATQCN(12), WHREQ(12), @DDI1(12), @QDN1(12), QDD2(12),
27X u, 29 3 abR2¢12), QDD3(12), @DN3(12), abD4(12), QDR4(12), XT901(12),
30 4 XD901(12), XT902(12), XD902(12), XT903(12), XD963(12), XT904(12),
31 5 XD904(12), RHM( 12) , RHA(12), XX(12), WS(12) ,HLEYHI(12),
\ 32 6HLHWH2( 12), SAVE(12), ecilci12), Qei2(12), Qc3c12), Qce(12),
- N 33 7 SCD(12), QH1(2), QH2(12), QH3(12), QH4(12), QQC(12),
T 4 8 ©QQH(12), CFAC{12), HFAC(12), SGDi(12), SGD2(12), SGD3(12),
Rl 35 9 SCD4(12), ZK(12)
3 36 DATA AA/3HTID,3HTIN,3HTOD, 3HTON, 5HXIDTS, SHX1DDS, SHXIDTW, 5HXIDDW,
37 i SHXIDTN,S5HXIDDR, SHXIDTE, 5HXIDDE, 3HQID,3HQIN, 3HQWD, 3IQWN, 3HQDD,
33 2 3HQDN, 3HQCD, 3HAQCH, 3HQGD, 3H2GN, 3HQFD, 3HQFN, 3HQRD, 3HARN, 3HRTD, 3HQTN
39 3 ,SHHRDAY,SHHRNIT,3HSCGD, 2HZK/
40 DATA F0/6.,6.,5.,5.,5.,4.,4..,4.,5.,5.,5.,6./
41 v = B(1) a ( INFIL) VOLUME OF THE ROOM, FT3  LxWxH
42 ACHS = B(2) a CIRFIL) STD AIR CHANGE DATA, AC/HR
43 DO 10 I1=1,12
44 TODC ) = B(I+2) a DAYTIME OUTDOOR TEMPERATURE TO
45 TOTE1) = B(I+14)
46 TON(I) = 2.%TOT( ID-TODC I)
47 TID(I) = B(I+26) @ DAYTIME INDOOR TEMP RMDBES /W
1 48 190 TINCI) = B(I+38) e NIGHTTIME INDOOR TEMP RMDBS < W
49 T1ACRV=B(51)
. 50 DO 20 I=1,12
3 51 20 WS(I) = B(1+53) @ CINFIL) WIND SPEED, MPH
52 ORT1 = B(68) ] ORIENTATIOR (0S,90VW, 1BON,270E) AZW
53 XLAT = B(69) a LAT
& : 54 RHO = B(70) e (SOLDAT)
' & v 55 zip = B(71) e (SOLDAT) NOT USED---ALPHANUMERIC TITLE
i 36 AGY = B(72) e (QG) CLASS AREA A
'I 57 sci = B(73) a (QG) SHADING COEFFICIENT SHADE




v 2

53
59
60
61
62
63

65
66
67
68
69
7o

72
73
74
75
76
77
78
79

81
82
a3

85
86
a7
a8
&9

91
92
93
94
93
96
97
98
99
100
101
102
103
104
105
106
107
168
109
110
111
112
113
114
113

30

UGt
SHDW1
ORT2
AC2
SC2
uG2
SIDW2
ORT3
AG3
SC3
UG3
SIDW3
ORT4
AC4
SC4
uc4
SHDW4
WTLTI
SA

SB

DO 30
TECD)
SUF

AS
WALL11
WALL12
WALL13
WALL14
WALLS
WALLLG
WALL21
WALL22
WALL23
WALL24
WALL25
WALL26
WALL31
WALL32
WALL33
WALL34
WALL3S
WALL36
WALL41
WALL42
WALL43
WALL44
WALL4S
WALL4G
SOGFnC
CRYFRC
BSMFRC
TIiC
TN
ROOF1
ROOF2
ROOF3
AEWH =
1SOLIW

= B(74)
= DE75)
B(7o)
B(77)
B(78)
B(79)
B(80)
B(B1)
B(82:
B(B3)
B(84)
B(83)
B(86G)
B(B7)
B(88)
B(89)
B(9@®)
B(91)
B(92)
B(93)
1,12
B( [+93)
B( 106)
B( 107)
B( 108)
B( 169)
B(110)
B(111)
BC 124)
B( 125)
B(126)
BC127)
B( 128)
B( 129)
B( 130)
BC131)
B(132)
B( 133)
B( 134)
B( 135)
B( 136)
B( 137)
B( 138)
B( 1392
B(140)
BC141)
B(142)
Bl 143)
= B(144)
= B(143)
= D(146)
B 147)
B(143)
B(15®)
B(i131)
BC152)
(153)
B( 1534)

LI T 1 1 T [ )
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POBEAROARRRRRRARRRREROADBROOR® BAD

B0

ac) HEAT TRANSFER COEFFICIERT U
(Qc) EXTERNAL. SHADOW FACTOR SHDW

(SOLDAT) TILT ANCLE 0-90 DEC FROM HOR.SURYF.

(Qs) SOLAR COLLECTOR EFFICIENCY FACTOKS
(as) SOLAR COLLECTOR EFFICIEHCY FACTORS
(SEU,@S) INLET FLUID TEMP. TO THE COLLECTOR
{SEU) SOILAR HEAT UTILIZATION FACTOR
(SEU) COLLECTOR AREA, FT2

ROOF OVERHANG OVER WALL
HEICHT OF WALL 1

SHDW (QC,SAT) EXTERNAL SHADOW FACTCUR (0.0 - 1.0)
AB (SAT) SUNFACE ABSOHPTIVITY ABSP

u ( QECHG) OVERALL HEAT TRANSFER COEFFICIENT
A ( QECHEG) AREA

ROOF OVERIIANG OVER WALL 2
HEICHT OF WALL 2

SHDW

AB

u

A

ROOF OVERIIANG OVER WALL 23
HEIGHT OF WALL 3

SHDW

AD

u

A

ROOF OVERHANG OVER WALL 4
HEICHT OF WALL 4

SHDW

AB

v

A

SHDW (SAT) ATTICLESS
AB (SAT) ATTICLESS
U~ UR €QECIIG/ATTIC) ATTICLESS“WITH ATTIC



-

116
117
118
119
120
121
122
123
124
123
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

D144
145

146

147

148
149

150
151

152
153
154
155

156

157
158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173

b1

6@

ISOLSH = B(1E5)
ROOF4 = B(145)
AW = B(157)
ACAT=B( 158)

UCEIL = B(159)
AEWS = B(1<9)
UFLRT = B(1F}

HWT = B(163)

RSTART = B(164)
NLAST = B(165)
INDEXD = B(166)
INDEXC = B(167)

C

oc - 0O
UW 7 A
ev

(ATTIC/QECHG) U-VALUE CLG ~# HTC UCELRC
(ATTIC/QECHG) U-VALUE WALL/AREA UENDW-/A
(GF) FLOOR HEAT TRANSFER COEFF. (HTC)

ZL = B(168) @ EXPOSED PERIMETER LENGTH OF THE FLOOR
(CRAWL, GF) GROUND TEMP, SEASONAL TGS/TGW

Do 58 I=1,12

TG(1) = B(l+168) @

ACCS=B( 1a1)
UFLR2 = B(182)
UCLW = B(183)
HCL = B(184)
AWCL = B(185)

NPD = B(186)
NPN = B(187)
wWTD = B( i88)
WIN = B(189)
WED = B(190)
WEN - = BC191)
FLOORA = B(192)
ATFLR = B(193)

UBW = B(194)
ISYS = B(195)
UFW = B(196)
BWA = B(197)
UBF = B(198)
UFF = B(199)
QBHG = B(200)

THTC = B(201)
ZKS = B(2e2)
DX = B(2e3)
DY = B(204)
E = B(205)
DO 66 I=1,12
Ncry= BC1+213)
EH = B(226)
EC = B(232)
PUH=B(240)
DO BO 1=1,12

RHAC1,I) = B(I + 240,

POCORBEE O

= €5
NN
> o

RH(2, I} = B(1 + 232)

CONTINUE

RHM( 1) = B(265)
RHM(2) = B(266)
RAM(3) = B(257)
RHM(4) = B(268)
RIIM(53 = B(269)
RIIM(6) = BL270)
RHMET?) = B(271)
miMe8)y = B(272)
RItM(9) = BC273)

PICK UP HOURS

( CRAWL/QECHG) FLOOR HTC-/OVERALL HTC U
¢ CRAWL/QECHG) WALL HTC/OVERALL HTC U
( CRAWL/QECHG) CRAWL SPACE WALL AREA A
Q) HO. DAYTIME OCCUPANTS QOCUP
QR NO. NIGHTTIME OCCUPNATS QOCUP
(QR) AVG.DAYTIME LIGHTING QLITX
(QR) AVG. NIGHTTIME LIGHTIKG QLITX
(QR) AVG. DAYTIME EQUIPMENT QEQUX
(QR) AVG. NIGHTTIME EQUIPMENT QEQUX
(QR) FLOOR AREA

(ERE®) SYSTEM IRDEX

(BSHT) BASEMENT WALL AREA

{BSMT) HEAT GAIN FROM FURNACE, BOILER,ETC
{GF) GROURD THERMAL CORDUCTIVITY

(GF) SI1DE HOUSE DISTANCE

(GF) FRONT HOUSE DISTARCE

{CF) WALl THICKNESS

(SOLDAT) DAILY TOTAL HORIZONTAL RADIATION



39

174
173
176
177
178
179
180
181
182
183
184
185
186
187

189
19@
191
192
193
194
1935
196
197
198
199
200
201

. 202
1283

204
205
206
207
208
209
210
211
212
213
214
213
216
217
218
219
226
221
222
223
224
225
226
227
228
229
230
231

REM(18) = B(274)
RHM( 10) = B{273)
RHM{ 12) = B(276)

RBAE 1} = B(277)
RHAC2) = B(278)
RBA(3) = B(279)
RHA(4) = B(286)
RHA(S) = B(281)
RAA(6) = Bl282»
RHA(T) = B(283)
RHA(8) = D(284)
RHA(9) = B(235)

RHACi0) = B(286)
RHAC11) = B¢287)
RHAC 12) = B(288)
DODR1I3=B{(290)
DOOR14=B(29 1)
DOOR15=B(292)
DOOR16=B(293)
DOOR23=B(2935)
DOOR24=B(296)
DOOR25=B(297)
DODR26=B(298)
DOOR33=B(300)
DOOR34=B(361)
DOOR33=B(302)
DOOR36=B(363)
DOOR43=B(305)
DOOR44=B(306)
DOOR45=B(307)
DOOR46=B(308)
TOUT = 148.0
ICHECK=B{309)
AJAC=B(3i1e)

Bt =B(31ip
RAMI=B{312)

D2 =B4313)
RAM2=B{314)
TCSUPA= B(35)
TCSUPW= B(316)
THSUPA= B(317)
THSUPW= B(318)
ADOUCTI= B(319}
UBUCTi= B(326)
APIPEL= B{321)
UPIPEL= B(322)
ADUCT2= B{323)
UDUCT2= B(324}
APIPE2= B(325)
UP IPE2= B(326)
ADUETI= B4327)
UDUCT3= B(328)
AP IPE3= B(329)
UP IPE3= B(3392)
ADUCT4= B(331)
UDLCT4= B(332)
APIPE4= B(333)
UPIPE4= B(334)



232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
231
2352
253
254
233
256
237
258

! 259
T 260

261
262
263
264
263
266
267
268
269
270
271
272
273
274
275
276
277
274
279
289
281
282
283
284
283
286
287
288
289

AIRLOS= P(335)

CAPCL= B(336)

CAPHT= B(337)

DO 7@ 1=1,12

IFCTINCD .GT.TIDCI}) TIRCD=TID( D)

70 CONTINUE

73

L4 ]

I, ICHECK.NE. 1) GO TO 9901
WRITE(6,75) (B( 1), 1=338,345)

FORMAT( 1H1,50X, 'CITY NAME : '4A6-/51X, 'HOUSE NAME: '"4A6//56X, "' INPUT DATA LISTING'/)

* DATA LISTIRG'/)
WRITE(6,98)¢I,B( 1), 1=1,337)
FORMAT( 10( 14,F9.3))

9981 CONTINUE

Cc
C81 *x WINDOW JEAT GAIN *x WINDOW N0, 1 TO 4 -- START FROM NORTH WINDOW AND
MOVE TO EAST, SO0UTH, ARD WEST

c

Cc

304

303

CPOOCLOEODLOOD—

DO 304
ecpIC )
QGN1C |

s
»

QGD3C i

.

LT I Y T O I T T [ I
.

TOPOVSSOOTODP

TILT=90.0

CALL SOLDAT(ZT,H,ORT1,TILT,WALL11,WALL12,XLAT,RHO, TOWR, XT301,XD901
x)

IF(AG1.EQ.0.0) GO TO 305

CALL @G (AGi, SC1, Uc1, TOD, TON, TID, TIN, SHDWI, XT901,XD901,
1 eGD1, QGN1,SGDI)
DO 300 I=1,12

XIDTNC 1) =XT901( 1)

XIDDNC 1)=XD901C( I)

300 CONTINUE

IF( ICHECK.EQ. 1) WRITE(6,8002)

CB002 FORMAT( 1H , 'WINDOW HEAT CAIN ROUTINE NOi. COMPLETED')

Cc

306

Je1

CALL SOLDAT¢ZT,H,ORT2.TILT,WALL21, WALL22, XLAT, RHO, TOWK, XT902, XD962
*)

IF(AG2.EQ.0.0) GO TO 306

CALL @G (AG2, SC2, UG2, TOD, TON, TID, TIN, SIDW2, XT962,XD902,
1 QGD2, QCGN2, SCD2)

DO 301 [=1,12

XIDTE( I)=XT902( 1)

XIDDE( I1)=XD202( 1)

CONTINUE

IF( ICHECK.EQ. 1) WRITE(6,8003)

CB8003 FORMAT(1H ,'WINDOW HEAT GAIN ROUTINE NO2. COMPLETFED)

CALL SOLDAT(ZT,H,ORT3, TILT, WALL31,WALL32, XLAT, RHO,TCHIY, XT903, XD203
*)

IF(AC3.E2Q.06.9) GO TO 307

CALL @C €AC3, SC3, UG3, TOD, TON, TID, TIN, SADWI, XT903.XD903,
1 QGDh3. QGN3, SGD3)



AN

2%
291
202
293
294
295
296
297
298
299
300
301
Je2
3063
304
365
3¢6
367
desa
309
310
211
312
313
314
| 313
316
317
318
- 319

321
322
323
324
325
326
327
328
329
339
331
332
333
334
335
336
a37
338
3.9
340
341
342
345
344
343
346
347

8 9

307 DO 302-1=1,12
XiDTS( 1) =XT983( 1)
XIDDS( 1) =XD963( 1)
362 CONTINUE
C [F(ICHECK.EQ.1) WRITE(6,8004)
C80064 FORMAT(IH ,'WINDOW HEAT GAIN ROUTINE NG3. COMPLETED®)

CALL SOLDAT(ZT,H,ORT4,TILT,WALL41,WALL42, XLAT, RilO, TOWN, XT904, XD904

*)
IF(AC4.EQ.0.0) GO TO 308

CALL @G (AG4, SC4, UG4, TOD, TON, TID, TIN, SHDW4, XT904,XD9084,

1 QCD4, QCN4, SCD4)

308 DO 303 1=1,12
SGDC 1) =SCD1( 1) +SED2( 1) +SCD3( 1) +SCD4( 1)
XIDTWC 1) =XT904( 1)
X1DDW( 1) =XD9@4( I)

303 CORTINUE .
17( ICHECK.EQ. 1) WRITE(6,8005)

8065 FORMAT(IH ,'WINDO¥ HEAT GAIN ROUTINE COMPLETED®)
DO 162 I = 1, 12
QCD( 1) =QCD1¢ D +QCD2( 13 +QCDI( 1) +@CD4¢ 1)
QCN( 1) =QCN1¢ 1) +QCN2( 13 +QCN3C 1) +QCN4( )
¢ 192 CONTINUE

€O2 xx SOLAR ENERCY UTILIZ. I'lION *xx
CALL SOLDAT(ZT.H,0.0,WTLTI!,0., 10.. XLAT, RHO, TOWN, XIDT, XIDD)
CALL SEU(SA,SB,TE,TOD,XIDT,SUF, AS,QS, ISOLHW, ISOLSH)
—D0 103 1=1,12 : g
103 GS(1)=QS( 1) *DAYS( 1)
IF{ ICHECK.EQ. 1) WRITE(6,8006)
8006 FORMAT(1H ,'SOLAR ERERGY UTILIZATION ROUTINE COMPLETED')

c
C03 xx [NFILTRATION HEAT GAIN *x
CALL INFIL (V, ACHS, TOD, TON, TID, TIN, WS, RINFIL,
i NSTART, NLAST, IACNV)
CALL af (RINFIL, TOD, TON, TID, TIN, RH, QISD, QISN, QILD,
1 QILN, RHM, AHA)
Cc
IFI ICHECK.EQ. 1) WRITE(6,8001)
8001 FORMAT(1H ,' INFILTRATION HEAT GAIN ROUTINE COMPLETED®)

C
CO4 *x WALL HEAT CGAIN #x WALL NO. 1 TO 4
DO 401 I-1,12
GDhi(1)=0.0
CNIi(I)=0.0
GDh2(1)=06.0
GN2(1)=0.0
Ch3(1)=0.0
CN3¢1)=0.0
GD4(1)=0.0
CR4(1)=0.9
401 CONTINUE
IF(WALLi6.EQ.0.0) GO TO 402
CALL SAT(XT901,XD901,WALLI3,WALL14,F0,90.6,TOD, TON, SATD, SATV)
CALL QECHG(SATD,SATN,WALL15,WVALL16,TID,TIN,CD},GN1)
402 IF(VALL26.EQ.9.0) CO TO 403
CALL SAT(XT202,XD962.VALL23,WALL24,F0,90.9.TOD, TON, SATD, SATN)
CALL QECHG(SATD,SATN, WALL25, WALL26 ,TID, TIN,CDZ,&N2)
‘03 IF(VALL36.EC.0.0) CO TO 404



é‘s..f_ Ry = VA
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g

348
349
3L
351
352
353
354
353
356
357
a58
359
360
361
362
363
354
365
366
367
368
369
3ve
371
372
373
374
373
376
arv
378
379
380
3&1
382
383
384
385
386
387
388
389
390
391
392
393
364
395
396
397
398
399
400
401
402
403
404

A

<04

465

104

8007
C

CALL SAT(XT903,XD993, WALL33, WALL34,F0,99.0,TOD, TON, SATD, SATN)
CALL QECIIG(SATD,SATN, WALLA35, WALL36,TID, TIN,GD3,GR3)
IF(WALL46.EQ.0.0) GO TO 405

CALL SAT(X904,XD904,WALL43, WALL44,F0,90.6,TOD, TOR, SATD, SATN)
CALL QECHG(SATD,SATN, WALL45,WALL46,TID,TIN,CD4,CGR4)

DO 104 [=1,12

Q¥D( 1) =GDI1( 1) +CD2( 1) +CD3( 1) +GD4¢ 1)

QWNC D =CNI{ DY +GN2( 1D +GN3C 1) +GN4( 13

CONTINUE

IF( ICHECK.EQ. 1) WRITE(6,8007)

FORMAT( 1H ,*WALL HEAT GAIN ROUTINE COMPLETED')

Co5 xx DOOR HEAT GAIN x¥%

500

501
502
503
504

503
8008
C

DO 564 1=1,12

[N -R-R-N--N- X

.0
.0
.0
.0
.0
.0
.8

QDph4(1)=0.0

CONTINUE

IF(DOOR16.EQ.0.4) GO TO 501

CALL SAT(XT961,XD901,D0ON "™R14,F0,90.0,TOD, TON, SATD, SATN)
CALL QECHG(SATD,SATN, ' 'uviito,. vORL6,TID,TIN,QDD1,QDN1)
IF(DOOR26.EQ.06.6) (GO 10 5062

CALL SAT(X1902, XD902, DOOR23, DOOK24,F0,90.6 TOD, TON,SATD,SATN)
CALL QECHG(SATD,SATN, DOOR25, DOOR26,TID,TIN, @DD2, @DN2)
IF(DOOR36.EQ.06.06) CO T0 503

CALL SAT(XT9603,XD963,D0O0R33, DOOR34,F0,90.6,TOD, TON, SATL , SATN)
CALL QECHG(SATD,SATN, DOOR35,DOOR36, TID,TIN, @PD3, @DR3)
IF(DOOR46.EQ.0.0) GO TO 504

CALL SAT(XT904,XD904,D00R43,D00R44,F0,9%0.6,TOD, TON, SATD, SATN)
CALL QECHG(SATD,SATHN,DOOR45,D0OR46,TID,TIN, QDD4, @DN4)
CONTINUE

DO 505 1 =1,12

QDD 1) =0DD1( 1) +@DD2¢ 1) +QDD3C 1) +QDD4( 1)

QDN( D =0DNI1( 1)+QDN2( 1) +QDN3( 1) +QDN4( 1)

CONTINUE * :

IF( ICHECK.EQ. 1) WRITE(6,8008)

FORMAT( 1H , 'DOOR HEAT CGAIN ROUTINE CCMPLETED'}»

€06 ix CEILING HEAT GAIN *x*
c

16

nann

DO 16 1I=t%,1

XHC(I) = 0.0

acD(1)=0.0

QCN(1)=0.0

CONTINUE
ATTICLESS ROOFS

TILT=0.6

€ALL SOLDAT(ZT,K.0.0,TILT,0.,16.,XLAT, RIO, TOWVN, XIDT, XIDD)

CALL SAT(XIDT,X1DD, ROOF1,RO0F2,F0.0.0,TOD, TON,SATD, SATN?

IF(ROOF4.EN.8.0) CO TO 6

CALL QECHG(SATD,SATN, ROOF3,ROOF4.TID,TIN, QCD, QCH)

IFCICHECK.EQ. 1) WRITE(6,.8599)

T s 4 e s ——m = —— e e 2 e

2

My




406
407
408
40
410
411
412
413
414
413
416
417
418
419
420
421
422
423
424
423
426
427
428
429
430
431
432
433
433

. 435

436
457
438
439
449
441
442
443
444
445
446
447
448
449
450
451
452
453

454

455
456
457
458
453
460
461
462

463

6
C

600

666

C 601
C9001
9902
66

166
6666

106
8o1e

IF(ATFLR.EQ.0.0) GO TO 66
ATTIC ROOFS
BO 600 1=1,12
ATDC D =TID( 1)
ATNC D =TINC D
CONTINUE
CALL SAT(XX,XX,0.0,0.0,F0,96.6,TOD, TON, TWD1, TWN1)
CALL SAT(XX,XX.,90.6,0.0,F0,90.0,TOD, TON, TWD2, THN2)
b0 666 1 = , 12
TWDCI> = (TWDIC(I) + TwWD2(1))/ 2.0
TWHCIY = (TWNEC(I) + TWN2(I1)}~/ 2.6
CONTINUE
IF( INDEXD.EQ.9) GO TO 9902
CFM=ACAT*ATFLR*AEWH/60.0

*CALL ATTIC(ATFLR, SATD,SATN,ATFLR, TID, TIN, AW, TWD, TWN, CFM, ROOF3,
* UCEIL,AEWS5, TOD, TON, ATD, ATN)

IF( ICHECK.NE. 1) GO TO 9902

WRITE(6,9001) C(ATD(K) , ATI(K) , TWD( KD , TWN( KD , BATD(KD , SATN( KD ,K=1, 12)
FORMAT( IH ,6(F9.3))

CONTINUE ’ )

CALL QECHG(ATD,ATN,UCEIL,ATFLR, TID, TIN, AT@CD, ATQCN)
GO TO 6666

DO 166 1=1,12

ATOCD( 1)=0.90

ATQCN([)=8.0

CONTINUE

DO 106 I=1,12

QCD( I3 =0CD( DY+ATQCD( 1)

QCR( 1) =QCNC 1) +ATGCN( D)

CONTINUE

IF( ICHECK.EQ.1) WRITE(6,8010)

FORHAT( IH ,"CEILING HEAT CAIN ROUTINE COMPLETED')

Cc
€87 =x FLOOR HEAT GAIN *xx
c

C

177

70t

SLAB ON CRADE
AF=FLOORA*SOGFRC
DO 177 1=1,12

QFD(12=0.0
QFH(1)=0.0
CONTINUE
IF(AF.EQ.0.0) GO TO 7
CALL CF(AF,ZL,DX,DY,ZKS,E,TOD, TOK,UFF,TID,TIN, QFD, QFN)
IFCICHECK.EQ. 1) WRITE(6,B8011)
FORMAT( IH ,*SLAB ON CGRADE ROUTIRE COMPLETED")
CRAVWL. SPACE
Bl 701 I=1,12
GhIt1=0.0
GhiCi1)=0.90
GD2(1)=0.0
Ghi2(1)=0.0
CONTINUE
AFCL=FLOORA*CRWFRC
IF(AFCL.EQ.0.0) CO TO 702
CALL SAT(XX,XX,0.€,0.0,70,90.0,TOD, TON, SATD, SATR)
CFIMM= ACCS*FLOORA*CRWFRC*HCL/60.0 .
CALL CRAVLOTOD,TON,TC,TID.TIN,SATD,SATN,. €FMM, UFLR2, UCLW, 1.0, AFCL,
* AWCL, CRAWLD. CRAVLN)




464
463
466
467
4640
469
470
471
472
473
474
473
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492

. 493

494
493
496
497
498
499
500
501
502
503
504
595
506
507
508
509
510
511
512
513
B
515
316
517
316
519
520
521

CALL QECHG(CRAVLD,CRAVWLN,UFLR2,AFCL.TID,TIR,GD1,GN1)
762 DO 107 1=1,12
Qniy= GDl(I)+602(I)+QFD(I,
QFN( D) =GNL(1)+CN2( D +QFN( D)
107 CONTINUE
IF( ICHECK.EQ. 1) WRITE(6,R012)
8012 FORMAT( 1R ,'CRAVWL SPACE ROUTINE COMPLETED')
BFA=FLOORA*BSMFRC
DO 703 I=1,12
BArpc1)-a.0
BQFN(1)=9.0
703 CONTINUE
IF(BFA.EQ.9.0) 60 TO 764
c BASEMENT
CALL BSMT ¢UFW,BWA,BFA, UFLR1, UFF, QBHG, TID, TIN, TG, TOD, TOR,
1 UBW, UBF , BSMTD, BSMTN, BQFD, BQFN)
IF( ICHECK.EQ. 1) WRITE(6,9999) (BSMID(D),I=1,12)
9999 FORMAT(/1H ,12G10.4)
IFC ICHECK.EQ. 1) WRITE{6,9999) (BSMTN(I),1=1,12)
IF( INDEXC.NE. @) CALL QECHG(BSMTD, BSMTN, UFLIti,BFA,TID,TIN,
I BOFD, BQrn)
IF( ICHECK.EQ. 1) WRITE(6,9999) (BQrD( D ,1=1,12)
IF( ICHECK.EQ. 1) WRITE(6,9999) (BQFN(D),1=1,12)
IF( ICHECK.EQ. 1) WRITE(6,8013)
8013 FCRMAT( 1H ,'BASEMENT ROUTINE COMPLETED®)
704 DO 1777 I=1,12
QFD( 1) =@FDC 1) +BQFD( 1)
QFN¢ ) =QFN( 1) +BaQFN( D)
1777 CONTINUE
IFCICHECK.EQ. 1) WRITE(6,8014)
8014 FORMAT(1H ,'FLOOR HEAT GAIN ROUTINE COMPLETED')

C
€08 ** INTERNAL HEAT CAIN *xx
DO 109 I=1,12
CALL QR(NPD NPN, WTD, WIN, WED, WEN, QRSD, QRSN, QRLD, QHLN HRDAY( 1) ,HRNIT( 1))
*( 1))
80615 FORMAT(1Hl ,'INTERNAL HEAT GAIN ROUTINE COMPLETED®)
€

QRD( 1) =QRSD
QRNC 1)=QRSN
QiD( D =aISD( I)
QINC])=QISNC )
109 CONTINUE
CALL ZKDNC(RINFIL,B,ZK
IF( ICHECK.EQ. 1) WRITE(6,8015)
C
CO9 *x HEAT LOSS AND HEAT GAIN x#
IF¢ ICHECK.NE. 1) GG TO 9900
WRITE(6,9005)
9005 FORMAT( 11{1,60X, * ANNUAL SUMMARY')
WRITE(6, 9006)
5006 FORMAT( 1l ,60X, 14(1H-))
WRITE(6,9007)
9007 FORMAT(/tH ,10X,°J",9X.'F" ,9X,"M',9X, A" ,9X,'M" ,9%,*J",9X,
T ' ,9X, A" ,9X, 'S’ ,9%,'0" ,9X, 'K’ ,9X, D'
WRITE(6,9003) AAC 1) (TID(D ,I=1,.12)
9303 FORMMAT( 'R ,A5,12G10.%)
WRITE(6,9003) AAC2) ,{TINCI),I=4,i2)




522 WRITE(6,9003) AA(3) ,(TOD(I),I=1,12)

523 WRITE(6,9003) AA(4) ,(TONCI),I=1,12)
524 WRITE(6,9003) AA(29) ,HRDAY, AA(30) HRNIT
525 WRITE(6,9003) AA(S) ,(XIDTS(1),1=1,12)
526 WEITE(6,9003) AA(6) ,(XIDDS(I1),1=1,12)
527 WRITE(6,9003) AA(T) ,(XIDTW(I),1=1,12)
528 WRITE(6,9003) AA(8) ,(XIDDW(I),I1=1,12)
529 WRITE(6,9603) AA(9) ,(XIDTN(I), I=1,12}
530 WRITE(6,9003) AAC10) ,(XIDDNC(I),1=1,12)
831 WRITE(6,9003)AAC11) ,(XIDTE(ID) . 1=1,12)
532 WRITE(6,9003) AA(12) ,(XIDDECID),I=1,12)
533 WRITE(6,90063)AA(13) ,(ID(1),1=1,12)
534 WRITE(6,9003) AAC14) ,(QINC]),I=1,12)
533 WRITE(6,9003) AACIS) ,(Q@WD(1),1=1,12)
536 WRITE(6,9003) AAC16) ,(QWN{( 1) ,I=1,12)
537 WRITE(6,9003) AAC17) ,(@DD( 1), I=1,12)
538 WRITE(6,9003) AAC 18) , (QDN( 1), I=1, 12)
539 WRITE(6,9003) AAC 19) ,(@CD( 1), I=1, 12)
540 WRITE(6,9003) AA(2@) ,(QCN( D) ,1=1,12)
541 WRITE(6,9003) AA(21) ,(QCD( 1), 1=1,12)
542 WRITE(6,9603) AA(22) ,(QCN( 1) ,1=1,12)
543 WRITE(6,9003) AA(23) ,(QFD(I),1=1,12)
544 WRITE(6,9€03) AA(24) ,(QFN(1),1I=1,12)
545 WRITE(6,9003) AA(25) ,(QRD( 1) ,1=1,12)
546 WRITE(6,9003) AA(26) ,(QRN([),1I=1,12)

) 547 WRITE(6,9003) AA(31) ,SCD, AA(32) ,ZK

o 548 99004 FORMAT(-1H ,AS5,12C19.4)
549 9906 CONTINUE

B
552 CALL HLHG(QID,QIN,QWwD,QWwN, aDh,QDXN, @GD, &GN, QFD, QFN, THTC, PUH, QRD, QRN
253 * ,QTD,QTN,HG, HL,QCD,QCN, NSTART, NLAST, TIN, TON, TID, TOD, IACNV,SGD,
554 « ICHECK,TIC,TIH,ZK)
555 IF(ICHECK.NE.1) GO TO 9010
556 WRITE(6,9004) AA(27) ,(QTD(1),1=1,12)
557 WRITE(6,9004) AA(28) , (QTN( 1), 1=1,12)
558 9002 FORMAT( 1X, 14E9.4)
559 90106 CONTINUE
560 : IF (ICHECK.EQ.1) WRITE(6,B8016)
361 8016 FORMAT( 1H , 'HEAT LOSS 8 HEAT CGAIN ROUT1INE COMPLETED')
562 C
563 €10 ** HEATING AND COOLING REQUIREMENT *x
564 DO 110 I=1,12
565 RLHG(I)=90.8
566 IF(QRLD.CT.9.0) RLHG( I)=RLHG( I)+QRLD
567 IF(QRLN.GT.9.9) RLEG( I1)=RLHG( I)+QRLN
368 IFC1.CE.NSTART.AND. I .LE. NLAST.AND.TOD( I) .LT.TID( I) . AND.
569 | QRLD.CGT.9®.6.AND. IACNV.EQ. 1) RLHC( I)=RLHBC( I)-QRLD
570 IF([.CE.NSTART.AND. 1.LE. NLAST.AND. TOH( ID) .LT.TINC I) . AND.
3571 1 QRLN.CT.®.0.AND. IACNV.EQ. 1) RLHC( I)=RLHG( [)-QRLN
572 IF(QILD(I).CT.9.06) RLHG( I)=RLHG( D)+QILD( D)
573 IF(QILN(I).GT.9.8) RLHG(I1)=RLHG( I)+QILN(])
574 1F(1.GE.NSTART.AND. I.LE. NLAST.AND. TODC I) .LT.TID( I) . AND.
575 1 QILD(I).GT.0.9. AND. IACNV.EQ. 1) RLHGC IY=RLHG( I})—QILDC 1)
576 IF(1.GE.NSTART.AND. 1.LE. NLAST.AND. TONC I) .LT.TINCI) . AND.
577 1 QILNCI).CT.0.9.AND. IACNV.EQ. 1> RLHG( I)=RLHG( D-QILNC]D)
578 118 CONTINUE
57> IFi ICOHECK.EQ. 1) WRITE(6,9011) (NLIG:I),1=1,12)

\ ; ' /
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|

580
581

542
583
584
383
586
507
588
539
592
991
592
593
594
3995
596
97
598
569
600
601
602
603
604
605
606
607
6038
669
610
611

612
613
614
613
616
617
613
619
620
621

622
623
624
623
826
oz7
6238
629
630
631

632
633
634
033
636
637

901t FORMAT(/1l1 ,"RLHOC', 12G10.4)

CALL HCRT(HL,IIG, RLIIG, HRE@, CREQ, ATRLOS)
DO 200 1 = 1, 12
HREQC( [} = HREQ(I) * DAYS(D)
CREQ( 1) = CREQ(I) * DAYS(D)
200 CONTINUE
DO 202 | = NSTART,NLAST
IMEQC1) = 0.0

202 CONTINUE

DO 203 I=1, e
IFCI.LT. NSTART OR. I.CT.NLAST) CREQ(1)=0.0
203 CONTINUE
DO 207 1=1,12
aC1(1)=0.0
QC2(1)=0.0
QC3(1)=0.0
QHI(I)=0.0
Qn2(1)=0.0
QI3(1)=0.0
CFAC(I)=0.0
HFAC(1)=0.0
IF(CAPCL.EQ.6.8) GO TO 208
CFAC( I) = CREQ( 1) /CAPCL/24 . 8/DAYS( 1)
208 [F(CAPHT.EQ.0.0) GO TO 207
HFAC( 1) ==HREQ( 1) CAPHT/24.8/DAYS( 1)
207 CONTINUE
IF(CRWFRC.EQ.9.0) GO TO 7605
CALL CSDUPI(ADUCT1,UDUCT1 APIPE1,UPIPE!,TCSUPA, TCSUPW, THSUPA,
1 THSUPW, CRAWLD, CRAWLN, NSTART, NLAST, QC1, QH1,
2 CFAC, HFAC)
705 IF(ICBECK.EQ.1) WRIiTE(6,5995)
9995 FORMAT(1H ,*CSDUPI Cb"[PLETED )
IF(ATFLR.EQ.0.0) GO TO 706
CALL ASDUPI¢ADUCTZ2,UDUCT2, AP IPE2, UP IPE2. TCSUPA, TCSUPW, THSUPA,
1 THSUPW, ATD, ATN, NSTART, NLAST, QC2, QB2, CFAC, HFAC)
706 IF(ICHECK.EQ.1) WRITE(6,9998)
9993 FORMAT( I¥ ,'ASDUP1 COMPLETED')
IF(BSMFR...EQ.0.0) GO TO 707
CALL BM UPI(ADUCTS,UDUCT3, APIPES3, UPIPES, TCSUPA, TCSUPW, THSUPA,
t THSUP ¥, BSMTD, BSMTN, NSTART, NLAST, INDEXC, QC3, Qil3,
2 CFAC, HFAC)
707 IFC(ICNECK.EQ.1) WRITE(6,9997)
9997 FORMAT(1H ,'BMDUPI COMPLETED®)
CALL OSDUPI(ADUCT4,UDUCT4, AP IPE4, UPIPE4, TCSUPA, TCSUPY, THSUPA,
1 THSUPW, TOD, TON, NSTART, NLAST, QC4, QH4 , CFAC, TIFAC)
1T ICHECK.EQ. 1) WRITE(6,9996)
9996 FORMAT(1H ,’'OSDUPI COMPLETED')
DO 206 I=1,12
QOC( 1) =1 QCIC 1) +QC2¢ 1) +QC3( 1) +QC4( 1) ) ¥DAYS( 1)
QGH( 1) =(QHI( 1) +QH2( 1) +QU3( ) +Q14( 1) ) *DAYS( 1)
206 CONTINUE
DO 205 I=1,12
IF(DSMFRC.EQ.0.0) BSMID(1)=TID( D)
IF(BSMFRC.EQ.0O.0) BSMTNC I)=TINC I)
203 CONTINUE
€Al L HWHAEQ(TOUT, TG, RWT.AJAC,BSMTD,BSKTH,D1,RAMI, D2, RAMZ. INLAVWII,
1 HLHWHZ , SAVE , WIIREQ)



638
639
640
641
642
643
644
645
646
647
648
649
659
651
652
653
654
635
636
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
579
686
681
632

c
8017

201

DO 204 I=1,12

WHREQ( 1) =WHREQ( 1) *DAYS( I}
HLHWH (¢ ) =HLIOWIHI¢ 1) *DAYS( D)
HLHWH2( 1) =HLIWI2( [)*DAYS( D)
SAVE( 1) =SAVE( 1) *DAYS( 1)
CONTINUE

IF( ICHECK.EQ. 1) WRITE(6,8017)
FORMAT( 1H ,'HEATING & COOLING REQUIREMERT ROUTIRE COMP

Cit **x ENERCY REQUIREMENT xx

c
€

C

8613

CALL EREQ(HREQ,CREQ,EH,EC, ISYS,R(1),R(2),WHREQ, @S, Q0C,
IF{ ICHECK.EQ. 1) WRITE(6,8018)
FORMAT( 1H ,'ENERGY REQUIREMENT ROUTINE COMPLETED®)

¥ OUTPUT *x%

9608

9009
9903

201

1602

1001
9934

IF( ICHECK.NE. 1) GO TO 9%¢3
WRITE(6,90€5)

WRITE(6,9€06)

WRITE(6,9007)

WRITE(6,9008) (HREQ( 1), I=1,12)
FORMAT( IH ,'HREQ ', 12G10.4)
WRITE(6,9009) (CREQ( 1), I=1, 12}

FORMAT(1H ,’CRE@ °*,12Gl18.4)
CONTINUE

IFC(ICHECK.RE. 1) GO TO 9904
SUMI = ©.6

SUM2 = 6.0

DO 2081 I = 1, 12

SUMI = SUMI + HREQ( 1)
SUM2 = SUM2 + CREQ(I)
R(I+2) =HREQ(I)

R( I+14)=CREQ( I}
RC1+26)=TODC I}

R( 1+38) =TONC I)
CONTINUE

IF{ ICHECK.RE. 1) GO TO 9904

WRITE(6, 1002) THTC, SUHM1, SUM2

FORMAT(/1H ,F7.2,60X.6I1 THT=,G15.7,6H TCT=,G15.7)
WRITE(6,1001) 1SYS, (R(1),1=1,2)

FORMAT(/1H ,12,40X, 'SIHBTU = ' ,Gl¢.4,* SCBTU = *,Gie.4)
CONTINUL

RETURN
ERD

i

)

D*y



080=0Q3%xCONSP6( 1) .SOLDAT(22)
SUBROUTINE SOLDAT(ZKT, H, WAZ, WTLT, OVRANTZ, WALLHT, XLAT, RHO, TOWN, XIDT,

1
2 *X1DD)
3 c THIS SUBROUTINE CALCULATES MONTILY AVERACE SOLAR HEAT RADIATION
3 c INCIDENT UPON A CIVEN SURFACE WITH TIE OVERHANC.
5 c ZKT...L1U/JORDAN FACTOR - DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE /
6 c THE SAME IN OUTER SPACE
7 c H.....DAILY TOTAL RADIATION ON A HORIZONTAL SURFACE
8 c TO....DAILY AVERAGE TEMPERATURE
9 c XLAT..LATITUDE OF THE LOCATION
10 c RHO. . . REFLECTIVITY OF THE GROUND AROUND THE WINDOW
1 c WAZ...SURFACE AZIMUTH ANCLE, DECREES FROM SOUTH ( ©S, 90W, 180K, -96E )
12 c WTLT..SURFACE TILT ANCLE (90 DEC VERTICAL, @ DEC HORIZONTAL)
13 c XIDT. . TOTAL RADIATION INCIDENT UPON A CIVEN SURFACE, BTU/HR,FTx*2
14 c XIDD. .DIFFUSE RADIATION INCIDENT UPON A GIVEN SURFACE, BTU/HR,FT¥#2
15 c OVHANG. . OVERHANC OVER A WALL, FT
16 c WALLHT. . WALL HEICHT, FT
17 c
18 COMMON/ER/HRDAY( 12) , HRNIT( 12)
19 DIMERSION LDAY(12),31,28,31,30,31,30,31,31,3¢,31,30,31/
20 DIMENSION XDEC(12)/-19.51,-10.28,.20, 11.56,20. 14,23.27,20.26, 12.03
21 *,.37,-10.47,-19.58,-23.27/
22 DIMENSION R(12)/1.03,1.0207,1.0057,.9875,.9727, .967,.9692, .9785,
23 *.9945,1.0133, 1.0267, 1.0327/
24 REAL US(12)/1.13,1.13,1.13,1.13,1.06,1.66,1.06,1.06,1.06,1.13,1.13
25 *,1.13/,H(12) ,ZKT( 12)
o 28 REAL TOWK(4),ZIT(24) ,DLITE(12)
| 27 REAL RST/442.1/,P1/3.1415927/,LAT
s 28 DIMERSION B(12)/.142,.144,.156,.18,.196,.205,.207,.201,.177,.16,.149,.142/
o 29 *49, . 142/
- 30 REAL DNI(24),AS1€24) ,RS1(24) ,XIDT(12) ,XIDD( 12)
a1 PIOV2=P1/2.
32 XLAX=AINT(XLAT)
33 LAT= (XLAX+( XLAT-XLAX) /0. 6) *P1/180.
34 LAX= INT(XLAT)
35 MINUTE= ( XLAT-XLAX) ¥100
36 WTLTX=WTLT*P[/180.
37 WAZX=VAZ*P1/180.
38 DO 1 N=1,12
39 RD=AINT¢ XDEC(N) )
49 DEC= ( RD+( XDEC( N) -RD) /8. 6) *P1./180.
41 COSWS=-TAN( LAT) ¥*TAN( DEC)
42 IF(COSWS.GT. 1. .0R.COSWS.LT.-1.) RETURN
43 WS=ACOS ( COSWS)
44 THS=WSX 12/P1
45 SUNRIZ=12.-ABS(THS)
45 SUNSET= 12. +ABS( THS)
47 IIRDAY( ) =SUNSET-SUNRIZ
48 HANIT(N) =24. -NRDAY(N)
49 COSLD=COS(LAT) *COS(DEC)
50 SIHLD=S 1:i¢ LAT) xS IN( DEC)
51 S=0.
52 DO 500 L=1,39
53 Wi=WS*L.40 .
54 CZE=COSLDXCOS( W) +SINLD
35 PAR=-B(N) /CZE
56 APA=ABS( PAR)
37 IFCAPA.CT.B0.) CO TO 501




A d

-

23
24

25

ARS=EXP(PAR) *CZE
GO TO 502

ANS=0,

S=ANS+S

CONTINUE
ANSO=EXP{~B(N) /( COSLD+SINLD) ) *( COSLD+SINLD) /2.
Al=WS/ 40.x( ANS0+S)

HO=24. /P IxR(N) ¥RST*( COSLD*S I N( WS) + WS*S INLD)
THH=H(K)

ZKT(N) =H(N) /RO
ZKD=ZD( ZKT(N) )
DHH=HO*( ZKT( N) ~ZKD)

A=DHH/(24./F1%A1>
FAC=A/ZKT(N)

DO 2 1=1,24

DNICI)=0.

ASI(I)=0.

RSidc1)=0,

ZIT(I)=0.
DLITE(N) =2, *ABS( TWS)

DO 3 I=1,24

TIME=1~1.

WI=ABS( 12.~TIME)
W=WT%P1-/12.
IF(TIME-SUNRIZ) 3,3.4
IF(TIME-SUNRSET) 5,3.3
COSZ=SINLD+COSLD*COS( %)
COSW=COS(DEC)*SIN(W)
COS5S=S0RT( 1.-COSWxCOSW-COSZ*COSZ)
V=TAN(DEC) #TAN(LAT)
TEST=COS(W)-V

IF(TEST) 9,9,8

C0SS=-CoSss

ALT=ASIN(COSZ)
AZM=ASIN(COSW/CCS(ALTY)
IF(CNSS) 23,24,24
AZM=P1-AZM

IF(AZM.GT.PI) AZM=2.%PI-AZM
IF(TIME.LT. 12.) AZM=-A7ZNM
AZMP=AZM*180./P1
PAR2=-B(N) /COSZ
AP2=ABS(PAR2)
IF(AP2.GT.80.) GO TO 3
DNIC 1) =A%EXP( PAR2)
IF(DNIC(I).LE.@.) DNWICI)=a@,
DHI=DNI( 1) *COSZ
IF(DHI.LE.0.) DlI=0.
RR=PI/24.%(COS(W)-COS{WS) ) /(SIN( WS)-WSxCOS{WS))
IF(RR.LT.®.) RR=0.
RHI=RHH*RR

IF(WTLT.CT.98.) GO TO 25
COSTH=COSZ

CO TO 26

CONTINUE

SAZM= AZIM-WAZX
SAZMP=SAZM*180./P]
ALTP=ALT®180.-P1

; @ DAILY TOTAL DIRECT ON HORIZONTAL
RHH=H0*ZKD @ DAILY TOTAL DIFFUSE ON HORI1ZONTAL



Al
r-.

[}
!

Y

116
117
118
119
12¢
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
143

; 146

147
148
149
150
151
152
153
154
155
156
157
158
139
160
161

C

3¢
26

789

27

14

IF(WTLT.GE.90.) GO TO 5@

ALPHA=COS(WTLTXD

BETA=SIN(WAZX) *SIN(WTLTX)

GAMMA=COS( WAZX) *SIN( WTLTXD
COSTH=ALFHA*COSZ+BETA*COSW+CAMMA*COSS

GO TO 26

COSTH=COS(SAZM *COS(ALT)

CORTINUE

SUNLIT=0.

IF(COSTH.LE.8.) GO TO 27

TEST=COS(SAZM)

COSALT=COS(ALT)

IF(COSALT.EQ.08.) 60 TO 27

IF(TEST.RE.®.) TARPKO=TANCALT)/TEST

WRITE(6,789) N, I,SAZM, ALT,TEST,COSALT, PROFIL
FORMAT(-* R I SAZM ALT TEST COSALT
*213,5F10.3)

IF(TEST.EQ.©.) CO TO 27

SURLIT=( WALLHT-OVHANC*TANPRO) /WALLHT

IF(SURLIT.LE.0.) SUNLIT=0.
IF(SUNLIT.CE. 1.» SUNLIT=1.
CONTINUE

IF(COSTH.LE.®.) COSTH=0.
THP=ACOS(COSTH)*186.-P1
ASICD)=CA1( ) *COSTH*SUNLIT
IFCASI(]).LE.0.) ASIC(I)=0.
RSICI)=(RAI+(RHI+DHI)*RHO) /2.
IF(WTLT.LE.@.) RSIC(1)=RHI
ZITCD=ASICD+RSICD)
CONTINUE

CORTINUE

SUMN=0.

SUMD=6.

SUMR=0.

SuM=0. .

DO 14 I=1,24
SUMN=SUHN+DNIC( 1)
SUMD=SUMD+ASI( 1)
SI™MN=SUYMR+RSI( I)
SUM=SUM+ZIT( I}

H{IDT(N) =SUMD+SUMAR

XIDD(N) =SUMR

COATINUE

CONTIRUE

RETURN

END

@ DIRECT RADIATION
@ DIFFUSE RADIATIOR
@ TOTAL RADIATION

PROFIL'7



Q3QSQS*CONSP&C 1) . ZDX 1)

i FUNCTIOR ID{ZT)
2 C PART OF SOLDPAT ROUTIRE .
3 DIMENSION ZKT(6)/.3,.4..5,.6,.7,.75/
4 DIMERSION ZKD(6)~.179,.183,. 188, .174,. 149, . 125/
5 IF(ZT-98.3) 1,1,2 5
6 t ZB=,179
7 G0 TO i@
8 2 IF(ZT-0.75) 3,3.4
9 4 Zb=.125
18 CO T® 10
¥ 2 DO 20 J=2.6
12 TI=ZT-ZKT(J-§)
13 T2=ZT-ZKT(.5)
14 TEST=T1x%T2
15 IF(TEST) 5,.6.20
16 & YI=ZKD(J-1)
17 Y2=ZKD( J)
3 18 ZD=Y1+L Y2-¥ 1) ®{ ZT-ZKT( 3~ 1) ) /( ZKT( J) ~ZKTE S— 13 )
19 GO TO 20
- 20 6 IF(T1) 8,9.8
oy 21 % ZD=ZKD{( J- 13
L 22 GO TO 2@
: 23 8 ZD=ZKD(J)
24 20 CONTINUE
25 18 RETURN
26 END




OSQSO8*CONSP6( 1) . F( 1)
FURCTION F(DB,R, INDHETD) :

SLAB-OR-CRADE PERIMETER HEAT LOSS 1972 ASHRAE HANDBOOK
INDATD =@ URHEATED, =1 HEATED

SOHNNU DN -

C
Cc

&

REAL
DATA
DATA
DATA
DATA
DATA
DATA
REAL

TABLE(2,3,9),LIRE(3)

(TABLE(1,1,N) ,K=1,9),34.,32.,30.,.28.,27.,25.,24.,22.,21./
(TABLE(1,2,N) ,N=1,9)/51.,48.,45.,43.,40.,38.,36.,33.,31./
(TABLE(1,3,N) ,K=1,9)/67.,64.,60.,57.,54.,51.,48. ,44. ,42./
(TABLE(2,1,K),R=1,9)/46.,44.,41.,39.,37.,35.,32.,30.,25./
(TABLE(2,2,N) ,N=1,9)/69.,66.,61.,59.,55.,52. ,48.,45.,38./
(TABLE(2,3,N) ,N=1,9),92. ,88.,82.,78.,74.,70. ,064.,60.,50./
RVALUE(3)-5.0,3.75,2.50~/

DBT=DB-1
R=(DBT+40.)/3.

IF(N.
IF(N.

LT.1) R=1
CT.9) N=9

1= INDETD+ 1

L=1,3

LINE(L)=TABLE(1,L. W™

IF(I.

EQ.2) RVALUE(2)=3.33

DO 2 L=1,3
IF(R.CT.RVALUVE(L)Y) €O TO 2
CONTINUE

F=LINE(3)

RETURN
IF(L-2) 4,5,53
F=LINEC( 1)

RETURKN
F=LIRE(L)=(R-RVALUE(L) ) #(RVALUE(L-1)-RVALUE(L) ) 3( LINE(L)-LINE( L~

*1))
END



Q808CsS*xCONST

(¢ ]

L

RNV AWN

16

SaonAnRsOnRonanhonach

o

O BATC11) |
SUBROUTINE SAT(XIDT, XIDD,SHDV, AB, FO, WTLT, TOD, TON, SATD, SATN)

THIS IS SOL-AIR TEMPERATURE ROUTINE

% INPUT #xx

LT
RaT
ik
SIHDW
AB
Fo
TOD
TON

OUTPUT

SATB
SATH

TILT ARCLE

DAILY TOTAL RADIATION

DAILY DIFFUSE RADIATION

SHADOW FACTOR

SURFACE ABSORPTIVITY

SURFACE HEAT TRANSFER COEFFICIERT
DAYTIME TEMPERATURE

NICHTTIHME TEMPERATURE

" e

T¥x

¢ DAYTIME SOL-AIR TEMPERATURE
: NIGHTTIME SOL-AIR TEMPERATURE

COMMON/HR/HRDAYY 12 , HRNIT( 12)
DINENSION XiDT(12) ,XIDDC 12} ,FO(12),TOD( 12) , TON( 12) ,SATD(12),
£ SATNC( 12)

XNTLT=WTLT/180.8*3. 14159
PO t@ J=1,12
R=(XIBT(I-XIDDE J) d%( 1.0-SHDW) +XIBB{ )
SATD( Ji =TOD{ 3) +AB*R/HRDAY( J) /FO( J) - 16. 8/FO( J) xCOSCEWTLT)
SATH(J) =TON( J} - 10.0/F0( J) *COS{XWTLT)

1# CONTINUE
RETURH

END



Ser O898Q8*CORSP6( 1) .ATTIC( 1)

3 1 SUBROUTINE ATTIC(AR, TRD, TRN, AC, TAD, TAN, AW, TWD, TWR, CFM, UR, UC, UV, TOD
1 2 *, TON, ATD, ATN)
‘ 3 c THIS IS ATTIC TEMPERATURE CALCULATION ROUTIRE
4 c
: o % 3 c s*¥%x INPUT =mxx
F 0 6 c
\ 4 c AR : ROOF AREA
. 5 8 c TRD  : DAYTIME SOL-AIR TEMPERATURE
' F 9 c TRN  : NICHTTIME SOL-AIR TEMPERATURE
- 10 c AC : CEILING AREA
11 c TAD  : DAYTIME ROCM TEMPERATURE
; 12 c TAN  : NIGHTTIME ROOM TEMPERATURE
: 13 c AW : END WALL AREA
== 14 c TWD  : DAYTIME END WALL SOL-AIR TEMPERATURE
i 15 c TWN  : NIGHTTIME EFD WALL SOL-AIR TEMPERATURE
16 c CFM @ AIR FLOW
; 17 c UR : U-VALUE FOR ROOF
18 c uc : U-VALUE FOR CEILING
DT 19 c v ¢ U-VALUE FOR WALLS
‘i 20 c TOD  : DAYTIME OUTDOOR TEMPERATURE
o 21 c TON  : KIGHTTIME OUTDOOR TEMPERATURE
k 22 c
23 c xxx OUTPUT #xx
24 €
Y- 25 c ATD  : DAYTIME ATTIC TEMPERATURE
. o 26 c ATN  : KRIGHTTIME ATTIC TEMPERATURE
27 DIMENSION TRD(12),TRINC12),TOD( 12), TON( 12) ,ATD(12),
N 28 ® ATN( 12) , TWD( 12) , TWNC 12) . TAD( 12) , TANC 12)
- 29 DO 10 I=1,12
g 30 ATD( 1) = ( URXARZTRD( 1) +URAWXTWD( 1) +UCKAC¥TAD( 1) +1.0B*CFM¥=T0D( 1) ) /
i 31 /¢ URXAR+UWXAW+UC*AC+1.883CFM) :
o 32 ATNC 1) = (URFARFTRN( 1) + UNXAWETWN( {) +UCXAC*TARC 1) + 1. 08%CFM TONC 1)) /
Lo a3 7 UR¥ AR+ UW AW+ UCKACH 1 . 08+CF M)
34 10 CONTINUE
35 RETURN
36 ERL




QBQSQ8*xCONSPOH( 1) .CRAWLL 1)

(A

CENONLEWLN -

elriri-Neirisirizizizizizizizirizizly!

o]

SUBROUTINE CRAWL(TOCD, TON, TC,TAD, TAN, TWMD, TWMN, CFM, UF, Uk, UG, AF, AW,

#CrAW! D, CRAWLN)
IS CRAWL SPACE TEMPERATURE CALCULATION ROUTINE

TS

*¥x INPUT *x%

TWMD : DAYTIME WALL SOL-AIR TEHPERATURE

TOD : DAYTIME GUTDOOR TEMPERATUNE

TON : NIGHTTIME OUTDOOR TEMPERATURE

TG : CNOUND TEMPERATURE

TAD : DAYTIME ROOM TEMPERATURE

TAN : NIGHTTIME ROOM TEMPERATURE

CFM : AIR FLOW RATE

UF : FLOOR HEAT TRANSFER CCl FFICIENT

Uw : WALL HEAT TRANSFER COEFFICIENT

uc GROUND SURFACE HEAT TRANSFER COEFFICIERT =

AT : FLOOR AREA

AW : WALL AREA

TWMN : NICHTTIME WALL SOL-AIR TEMPERATURE
xxx QUTPUT *xx¥xx

CRAWLD : DAYTIME CRAWL SPACE TEMPERATURE

CRAWLN : NICHTTIME CRAWL SPACE TEMPERATURFE

DIMENSION TOD( 12) , TON( 12) ,TG( 12) , TAD( 12) , TAN( 12) , TWMD( 12) , TWMN( 12)

®

+ CRAWLD( 12} , CRAWLN: 12)

DO 12 1=1,12

CRAWLDC 1) = ( UF*TAD( 1) *AF+UWxTWMDC 1) *AW+UCGE( TG( I )+TADC( 1)) /2. OXAF+

¥ 1.0B*CVMeTCR( 1)) Z/(UF*AF+UWxAW+UGXxAF+1.08%xCFM)

CRAWLN( 1) = UFXTANC 1) =AF+UWLTWHN( 1) *AW+UCSCTGC 1) +TANC 1)) /2, 0%AF+

*1.08+CFM*TONC 1)) /( UF*AF+UW£AN+UGHAF+1.08~CFM)

19 CONTINUE
RETURN
END

-
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Q80808 xCONSP6( 1) .CF( 14)
SUBROUTINE GF (AF.P.DX,DY,ZKS, E, TOD, TON, USLAB, TAD, TAN, CFD, GFIT)

1
2 C
3 c THIS IS CROUND FLOOR HEAT TRANSFER ROUTINE
4 c
3 C %% [RPUT =®%x
6 c
7 [ TOD : DAYTIME OUTDOOR TEMPERATURE
a8 C TON : NiGHTTIME OUTDOOR TEMPERATURE
9 C TG *: GROURD TEMPERATURE
10 c AF : FLOOR AREA
11 c P : EXPOSED FERIMETER LENCTH
12 G USLAB : SLAB THERIAL CONDUCTANCE
13 C INCLUDING THE SURFACE HEAT TRANSFENL COEFFIC: _RT
i c TAD : DAYTIME ROOM TEMPERATURE
13 C TAN : NICHTTIME ROOM TEMPERATUHE
16 C XL : LENGTH Or SLAB, FT
17 c YL : WIDTH OF SLAB, FT
18 [H DX : SLAB SPACING ALONG XL, FT
19 c DY : SLAB SPACING ALONC YL, FT
290 c ZzKS : GROUND THENAMAL CONDUCTIVITY, BTU/FT/HR/F
21 Cc UF ¢ SLAB THERMAL CONDUCTANCE
22 c E : WALL THICKNESS, FT
23 [ *¥¥ OUTPUT *¥x
23 C
. 23 C CFD : DAYTIHME CROUND FLOOR NEAT TRANSFER
o 26 C GFN : NICHTTIME GROUND FLOOR HEAT TRANSFER
| 27 COMMON/HR/HRDAY( 12) ,HRNIT( 12)
) 28 DIMERSION TOD(12) ,TOR(12) ,TAD(12) TAR(12),GFD(12),CFR(12)
) 29 R=1.-USLAB
30 KL=(0.5%P+SQAT( 0. 253*xPxP—-4.%AF)) /2.
31 YL=AF-/XL
32 KXD=AINT(DX/XL)
a3 YD=AINT(DY/YL)
34 CALL SLABR(XL,YL,XD,YD,E,ZKS,R, UF)
a3 U=1./(1.7/UF+R)
30 DO 10 1I=1,12
37 c
38 TAM=({TAD( D *MRDAY( D +TAN I)=ARNITC 1)) #24.
39 CGFR( 1Y =(U=AF=C TAM-TADC 1) ))=HRDAY( D)
:0 g CFH{ 1) = (UxAF:( TAM-TANC [) ))*:HENIT( D)
1
42 16 CONTINUE
43 RETURN

44 END

.-
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O Q80303 *CORSP6( 1) . SLABR( 17)
did 1 SUBROUTINE SLABR(XL,YL,XD,YD,E,ZKS, RRR, UW)
‘\\’,- 2 C THIS ROUTINE WAS DEVELOPED BY DIl. R.W.R. MUNCEY TO CALCULATE HEAT LOSS
o\ 3 C FROM SLAB ON GRADE
§\ 4 CALCULATES P1i-/P12 AT STEADY STATE
5 € INPUT DATA
6 C XL LENCTH OF SLAB IN X DIRECTIOR
7 C YL LENGTH OF SLAB IN Y DIRECTION
a C XD, VD SLAB SPACING IN X ARD Y DIRECTIONRS
9 C E EDCE DISTANCE CORRESPONDINC TO UNIT TEMPERATURE CHANCE
A 10 C AT THE TANGENT SLOPE AT 'TEMPERATURE® OF 0.5
¥ it c ZKS GROUND THERMAL CORDUCTIVITY
ks 12 c R SUAFACE THERMAL RESISTANCE
d N 19 REAL LAMBDA
» 14 COMMON /SLAB/ PISQ,ALPHSQ,BETASQ, LAMBDA, R, COM, FSQ, CSQ
15 DIMENSION COM(B) ,SX(250e),SY(2500)
16 DATA P1/3.14159265/
1?7 ALPHA=XL*0.5
18 BETA=YL*6.3
19 F=XD
B 20 G=YD
: 21 LANMBDA= ZKS
22 R=RRR
29 PISQ=PI*P]
24 WRITE(6, 10)
. 25 WRITE(6,78)
\, o 26 16 FORMAT ¢//20X, 'CALCULATION OF U VALUE FOR GROUND WITH FILM R
%~ Y RESISTANCE ABOVE' )
AN ny 28 76 FORMAT(.69X,'CALC. FROM TEMPERATURE INPUT',2X,"¢',4X
e & 29 t'CALC. FROM HEAT FLOW IRPUT' ~
//”\{ ; 30 23X, 'WIDTH LENGTH AREA PERIM F € EDCE DIST. LAMBDA FILM R
. 31 3', 2(6X,'U R=1/U-FILM R L=LAMBDA',2H*R) )

]

€ CONSTANTS
ML=F*ALPHA/E 8 NL=C*BETA/E
NL=G*BETA/E
c99 WRITE(6,140) ALPHA,BETA,F,G,ML,NL,E,LAMBDA.R
IF(ML.NE.NL.OR. IFIX(F) .NE. IFIX(G)) GO TO 74
72 DO 73 J=1,ML
XS=PI*FLOAT(J) /F
€999 WNITE(6,140) XS
S=5IN(XS)~J @ SX(J)=8Y(J)=S=§
SY(J)=S*8
SX{J)=8SY(J)
73 CONTIRUE
GO TO 78
74 DO 75 J=1,ML

bbdbdbOOWLLOWE
N W= PN URQTL

46 HS=PI*FLOAT(J) /F
47 S=SIN(¥S)/J @ SX(J)=8xS
48 BH:J) =548
\3 49 75 CONTINUZE
\\;/ 50 DO 76 J=1,AL
51 XS=PI*FLOAT(J) /C
: 52 S=SIN(XS)/J @ SY(J)=8xS
\ 53 SY(J)=8:8
\ 5% 76 CONTINUE
AN 55 78 CONTINUT
56 FSQ=F*F o CSQ=G*C
s €HI=G6




58 CM1=2%F/( GxLAMBDA*P IS@®) @ CM2-2xFxLAMBDA/(G*FI15Q)
59 CM2=2xF*LAMBDA~ (G*P ISQ)

69 CN1=2*G~( FxLAMBDA*P ISQ) 8 CN2=2xGxLAMBDA/(F*PISQ)
61 CH2=2*%G*LAMBDA/ (FxP158Q)

62 CMN1=4%F*G/( LAMBDA*P [SQ*P IS@) 8 CMN2=4*xFxGxLAMBDA/(PIS@:PIBQ)
63 CHMN2=4*F*CG*xLAMBDA/ (P ISQ*P ISQ)

64 ALPHSQ= ALPHA*ALPHA @ BETASQ=BETA*BETA

65 BETASQ=BETA*BETA A

66 SMT=0.

67 SMW=0.

68 SNT=0.

69 SRW=0.

79 SMNT=0.

71 SMNW=0.

72 DO 11¢ M=1,HL

73 CALJ. GAMHMAR(M,®,EF,CH)

74 SMT=SMT+EF*SX(M ® SMW=SHW+CH*SX(M

73 SMW=SMW+CE+SK( M

76 11@ CONTIRUE

77 o (36 N=1,RL

78 €ALL GAMMAR(®,N,EF,GH)

79 SNT=SNT+EF*SY(N)

89 SNW=SNW+GCH%SY(N)

a1 DO 126 M=1,ML

a2 CALL CAMMAR(M,R,.EF,GH)

83 SMNT=SMNT+EF*SX( M) *SY(N) @ SMNW=SHNW+CH*SX( M *SY(N)
84 SMNW=SMAW+CH*SX( M) *SY( N}

85 126 CONTINUE

86 136 CONTINUE

a7 C Pi1/P12 = - HEAT FLOW

88 UW=( ( F%C~- 1) 7/{ F¥G) ) *( SMWrCM2+SNWCR2+SMNWxCMN2)

89 RESW=1/UW -R @ DW=RESWxLAMBDA

%20 DW= RESW+LAMBDA -
91 C AV. TEMPERATURE OVEPR SLAB

92 TM= ({F%XG—1) /(F*G) ) *( SHT*CMI+SRT*CN 1 + SMNT*CHMN 1}

93 C PlLI/P12 = -1/TH

94 UT=(((F*G—1) /(F*G) ) *x2) /TH

ST 3

935 REST=1-/UT - R @ DT=REST+LAMBDA
96 DT=REST*LAMBDA
97 ALPOA2=2%ALPHA
98 BETA2=2*BETA
99 ALPHAB=4*ALPHA*BETA
100 ABETA=4*ALPHA+4*BETA
161 IF=1FI1X(F)
102 I1G=IFIX(G)
163 WRITE(6, 140) ALPHA2,BETA2,ALPHAB, ABETA, IF, IC
104 1,E,LAMBDA, R, UW, RESW, DW, UT, REST, DT
105 148 FORMAT(F6.1,3F7.1,214,F8.2,F12.3,F9.2,2(2F9.3,F14.3,2X))
106 145 CONTINUE
107 RETURN
108 END




Q508Q3*xCONSP6( 1) . CAIMMAR( 4)
1 SUBROUTINE GAMMAR(M, N.EF . GH)

2 REAL LAMBDA
3 € TRIS IS A SUBROUTINE USED IN SLABR
4 C CALCULATES EF = (1+CAMMAXLAMBDAXR) /GAMMA
5 € CALCULATES GH = GAMMA/( I+CAMMA*LAMBDA®R)
6 C FOR STEADY STATE WITH FILM RESISTANCE R
7 COMMON ~SLAB- PISQ,ALPESQ, BETASQ, LAMBDA, R, COM, FSQ, GSQ
a REAL COM(8)
9 IF(M.NE.®) GO TO 20
10 10 AM-0.
11 €O TO 50
12 20 AM=PISQ¥M:M/( FSGxALPHSQ)
13 30 IF(N.NE.®) GO TO 56
14 40 AN=0.
15 CO TO 660
16 50 AN=PISQtN+N/( GSQ*BETASQ)
17 60 A=AM+AN
18 SCAM=SQRT( 4)
19 EF=¢ |, +R*LAMBDA*SGAN) /SCAN
20 GH=1./EF
21 RETURN
22 END
END PRT
PRT,S CONSP6.BSNT, .QECHC, .C, . INFIL, .Ql, . DBRH, +PVSF, .QR, . HLHC, . THTCX, . HCRT, . SEU
ni
N
<]
5\
il | \ \



Q80308 *xCORSP6( 1) . BSMT(35)
1 SUBIOVUTINE BSMT (UFW,BWA,BFA, UFLR1,UFF, QBHG,TID,TIN, TG, TOD, TOR,

2 1 UBW, UBF, BSMTD, BSHTN, BQFD, BQFN)
3 Cc i
ES (o THIS IS BASEMENT TEMPERATURE CALCULATION
5 (o
6 c *xx INPUT *xxx
7 Cc
8 c BWA = BASEMENT WALL AREA , FT*x2
9 c BFA = BASEMENT FLOOR AREA , FTx*2
10 c UFLR! = FLCOR HEAT TRANSFER COEFFICIENT , BT/FTxx2.F
11 c UFF = FLOON-CROUND HEAT TRANSFER COEFFICIENT, =0.1
12 Cc UFVW = WALL-GROUND HEAT TRANSFER COEFFICIERT, =0. 164
13 [ aQBIG = BASEMENT HEAT CGAIN FROM FURNACE, BOILER, OR OTHER
14 C EQUIPMENT, BTU-/HR
13 c TID = DAYTIME TEMPERATURE OF THE ROOM ABOVE THE BASEMENT ,F
i6 C TIN = KJCHTTIME TEMPERATURE OF THE ROOM ARCVE THE BASEMENT
17 C
18 C
19 c
20 c *:x¥ OUTPUT ¥*%
21 c
22 c BSMTD = DAYTIME BASEMENT TEMPERATURE
23 c BSMTN = NICGHTTIME BASEMENT TEMPERATURE
24 C BQFD - .
25 C DaFN
o 26 c
27 COMMO/HR/HRDAY( 123 ,HRNIT( 12)
NI 28 DIMENSION TiD(12), TIR(12), BSMTD(12), BSMTAR(12)
=d gg - DIMENSION TG(12), TOD(12), TON(12), BQFD(12), BQFN(12)
31 UW=UFW
32 IF(UBW.EQ.9.06) S0 TO 206
33 UW=1.8/(1.9-UFW+1.0-0UBW)
34 20 UF=UFF
35 IF(UBF.EQ.96.0) CO TO 30
36 UF=1.8/(1.8/UFF+1.06-UBF)
37 30 CONTINUE
38 DO161 =1, 12
39 TO=(TODC 1) *HRDAY( I)+TONC I)*HRNIT( 1)) /24.
40 BSMTD( 1) = (IIW£TOxBWA+UF+TG( 1) *BFA+UFLR1#TID( ) *BFA+QBHG)
41 1 /{ UW*BWA+UF*BF A+UFLR*BvA)
42 BSH’!'N( D= (" WxTOxBWA+UF*TG( 1) *DFA+UFLNI*TIN( 1) *BFA+QBHG)
43 Z(UWBWA+UUF*BFA+UFLR1%BFA)
4% BO.!‘D( D=(=UW£(TID( 1)=TO) *BWA-UF%(TID( I)-TG( 1) )*BFA) *HRDAY( I)
43 BOFHC D =(-UW(TIN( 1) -TO) *BWA-UF*{ TINC I)-TG¢ 1) Y*BFA) xHRNIT( I)
40 10 COLTINUE
47 'RETURIY
38 END




Q8Q8Q3xCONSP6( 1) .QECHG(3)

aaonDonooooaoacoan

(<]

SUBROUTINE QECHG (SATD, SATH, ¥, A, TID, TIN, GD,CN)
THIS 1S OPAQUE ENVELOPE CORDUCTION HEAT GAIN CALCULATIORS
22* INPUT *x%

SATD : DAYTIME SOL-AIR (OR ATTIC OR CRAVWL SPACE) TEMPERATURE
SATHR : RICHTTIME SOL-AIR(OR ATTIC OR CRAWL SPACE) TEMPERATURE
U ¢ OVERALL HEAT TRARSFER COEFFICIERT

A : AREA*®

TID : DAYTIME INDOOR TEMPERATURE

TIN : NIGHTTIME INDOOR TEMPERATURE

*x% OUTPUT =xxx

GD t DAYTIME HEAT GAIN
GN : NICHTTIME HEAT CAIN

CONMON/HR/HRDAYU 12) , HRNIT( 12)
DIMENSION SATD(12), SATAC12), TIB(12), TIN(12), ¢D(12), GN(12)

DO 18 I=1,12

GDC I =UxAx(SATDC D-TID( 1)) ¥ HRDAY( )
GR( D) =UxAx(SATN( I)-TIN( 1)) * HRRIT(I)
CONTIRUE

RETURA

ERD



Q80#Q3xCONSP6( 1) .0QG(9)
1 SUBROUTIKE @G ¢AG, SC, UG, TOD, TON, TID, TIN, SHDW, XIDT, XIDD,

2 i QCD, QCR, SCD)

3 C THIS 1S WINDOW HEAT GAIN ROUTINE
4 c
5 [M *xx JNPUT #%xx
6 c
7 c AC : GLASS AREA
8 c sc : SHADINGC COEFFICIENT
9 c ue : HEAT TRANSFER COErFICIENT
10 c TOD  : DAYTIME OUTDOOR TEMPEKATURE
11 C TON : RICHTTIME OUTDOOR TEMPERATURE
12 c TID : DAYTIME INDOOR TEMPERATURE
13 c TIN : MIGHTTIME INDOOR TEMPERATURE
14 ¢ SHD¥  : ENTERNAL SHADOW FACTOR
15 c ©.0 = NO SHADOW
16 c ©.5 = PARTIAL SHADOW
17 c 1.0 = COMPLETE SHADOW
18 c XIDT  : DAILY TOTAL RADIATION
19 c XIDD  : DAILY DIFFUSE RADIATION
20 c
21 c *xx OUTPUT =xx
22 c
23 c oCcD : DAYTIME WIKDOW BEAT CAIN
23 C QGCN : NIGHTTIME WINDOW HEAT GAIN
. 23 c
o 26 COMMON/HR/HRDAY( 12) , HRNITC 12)
27 DIMEXSION TOD( 12), TONC12), TID(12), TIN(12), XIDT(12), XIDD(12),
N 28 1 QCD(12), QCK(12), SCD(12)
o 2 REAL 1
30 DO 10 J = 1, 12
a3t I = (XIDT(J) - XIDD(J)) * (1.8 - SHDW + XIDD(J)
32 SCD(J) = AG* 13SC
33 QCD(J) = AC ¥ (1 * SC ¥ ©.B7 + UC * (TOD(J) - TID(J)) * HRDAY(J))
34 QCN(J) = AC * (UG # (TON(J) - TIN(J)) * HRNIT(J))
35 1€ ZONTINUE
36 RETURN
a7 ENRD




Q8Q808*xCONSPeC 1) . INFIL( 1®)
SUBROUTIRE INFIL (V, ACES, TOD, TON, TID, TIR, WS,

1
2 t RIRFIL, K, L, IACKNY)

3 C THIS IS INFILTRATION CALCULATION ROUTINE

4 c

3 [ *%x INPUT xxx

6 (A

7 S v = VOLUME OF THE ROOM

a8 c ACHS = STANDARD AIR CHANGFE DATA

G [H TOD = DAYTIME OUTDOOR TEMPERATURE

10 c TOR = NICHTTIME OUTDOOR TEMPERATURE

it [ TID = DAYTIME INDOOR TEMPERATURE

12 c TIR = NIGHTTIME INDOOR TEMPERATURE

13 [ WS = WIND SPEED

14 c

15 C *¥¥x QUTPUT *xxx»

16 C

l; (H RIRFIL = INFILTRATION RATE

1 c

19 DIMERSION TOD( 12), TONC12), TID(12), TIN(12), RIRFIL(12)
20 DIHENSION WS(12)

21 [H

22 DO te I = 1,12

23 TO = ( TOM I) +« TONL DY ~» 2.0
24 TI = ¢ TIDL I) + TIRC 1)) ~ 2.9

23 AC = ACHS 7 ©.693 % (0.15 + ©.013 2WS(1)+8.005 = ABS(TO - TI))
26 RIFFIL(C I) = V% AC / 60.90

i 27 1@ CORTINUE
, 28 RETURK
END

og 3
3




Q303Q3xCORSP6( 1) . Q1 18)

1 SUBROUTINE QI (IRFILT,TOD, TON, TID, TIN, RH, @ID, QIN, QILD,
2 1 QILN, RHM, RHA)
3 C
4 c TPIS TR !WFILTRATIOR HEAT GAIN CALCULATION ROUTINE
5 c
6 Cc #xx INPUT *xx
7 c
a8 C INFIL = IRFILTRATION RATE CFM
9 c TOD = DAYTIME OUTDOOR TEMPERATURE
1@ c TON = NIGHTTIME OUTDOOR TEMPERATURE
11 C TID = DAYTIME INDOOR TEMPERATURE
12 Cc TIN = RIGHTTIME INDOOR TEMPERATURE
13 Cc RO = ROOM RELATIVE HUMIDITY
14 Cc RHM = MORKRINC OUTDOOR RELATIVE HUMIDITY
15 C RHA = AFTERROON OUTDOOR RELATIVE HUMIDITY
16 Cc
17 C x3x OUTPUT **x
18 c
19 c aip = DAYTIME o£NSIBLE HEAT GAIN
c QIn = NIGHTTIME SERSiBLE HEAT GAIN
C QILD = DAYTIME LATENT HEAT GAIR
g QILN = NIGHETTIME LATENT HEAT GAIN

COMMON/HR/HRDAY( 12) ,HRNIT( 12)
DIMERSION TODC( 12}, TONC12), TID(12), TIN(i2), RH(2, 12),
1 QIDC12), QINC12), QILD(12), QILHCI12), WID(12), WINC12),
2 WOD( 12), WON(12) ,RHM(12),RHAC12)
REAL IRFILT(12)
DO 10 I = 1,12
QID(I} = 1.656 * INFILT(D=* (TOD(I) - TID(I)) ¥ HRDAY(I)
QINCI) = 1.8 * INFILT(D)* (TON(1) - TIRCI)) % HRNIT(ID)
1@ CONTINUE

DO 26 I = 1, 12
CALL DBRA (TIDCI), NMH(1, I}, WIDCD))
CALL DBRH (TINCI), RH(2, I), WINCI},

WWWURWLLUNNNDNNNNDNNDLN
NN =OCRNNNALN~S

37 CALL DBRH (TORCI) ,RHACI),WOD( D))

38 CALL DHBRH (TONCI) ,REM(I),WONCI))

39 QILD(I) = 4.5 * INFILT(D)* (WOD(I) - WIDiI)) * 1061.0 * HRDAY(D)
40 CILNCI) = 4.5 * INFILT(I)x (WONCI) - WINCE)) = 1061.0 * HRNIT(ID)
41 20 CONTINUE

42 RETURN

CND

S
@




Q30303*xCONSP6! §} . DBRH( 2)
1
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SUBROUTINE DRRH {DB,RH,W)

!3*t**t*t*‘t*t*t‘z*::‘t‘ttitt*!*ttt**t*t*!t**t*t!#**t***#***t**#tl

PSYCHROMZTRIC ROUTINE TO JETERMINE HUMIDITY RATIO, GIVEN DB AND RH
PVS=PVSF(DB)

PV=RO*PV&/100.

W=0.622%PV/(29.92-pPV)

RETURN

END



Q8QB0Q8:CORSP6( 1) . PVSF(2)

1 FUNCTION PVSF (3
2 ¢ SATURATION VAPOR PRESSURE, INCHES OF MERCURY
3 c *xx Rl b S E T T T T v, TEERRLEXERE £ 2 243 EEERR
4 c
5 DIMENSION Ac6) £-7.90298,5.02208,~1.3816E-7, 11. 344,
6 2 B.1328E-3,-3.49149, B« /=9.09718,-3.56€54,0.876793, 0. 0060273,
7 3,P(4)
8 T=€X+459.688) /1.8
9 IF (T.LT.275.16) GO TO 16
10 Z=373. 16T
11 PO =ACD £(Z-1)
12 P(2)=A(2) $LOG10(Z)
13 Z1=AC4) %( 1-1,2)
14 P(3)=A(3) %( 160%+Z1~1)
15 Z1=A(6) ¥(2~1)
16 P(4)=A(5)5( 10%2Z1-1)
17 CO T0 20
18 [
19 10 Z=273.16/T
20 PC1)=B(1)#:Z-1)
21 P(2)=B(2) $LOG10(Z)
22 P(3)=B(3)%( 1~1.2)
23 P(4)=LOGI9(B(4))
24 20  suM=e
, 25 DO 30 I=1,4
ol 26 30 SUM=SUM+P( 1)
| 27 PVSF=29,92 5% 19xx8UN
! 28 HETURN
W 9 ¢
[ 45 ]
| 38 END




Q8a8Qs*xCONSP6( 1) .QR(T7)
SUBNOUTIFE QR(NPD,NPN, WTD, WIN, WED, WEN, QRSD, GRSN, QRLD, QRLN, HD, HN)

THIS 1S INTEHRNAL HEAT GAIN NOUTINE
*xx INPUT #xx%
NFD : NUMBER OF DAYTIME OCCUPANTS

ﬁ HPN : NUMBER OF NIGAITIME OCCUPARTS

b VID : AVERACGE DAYTIME LICGHTING POWER W

! WTN : AVERACE NIGHTTIME LIGHTING POWER W
WED : AVERAGE DAYTIME EQUIPMENT POWER W
WEN : AVERAGE RICHTTIME EQUIPMENT POWER W
HD : DAYTIME HOURS
HN : NIGHTTIME HOURS

*x¥ OUTPUT *%x

QRSD : DAYTIME SENSIBLIL HEAT CGAIN
QRSH : NIGHTTIME SENSIBLE HEAT GAIN

B e et e e e e e e
CENCALLIN~ QORI ANLWN -
oooooonaoaocaaoconnnn

PSR | ne "QRLD DAYTIME LATERT MEAT CAIN
i 21 QRLN RICHTTIME LATEN" HEAT GAIN
'_ 23 RNPD=NPD
24 RNPN=NPN
) 25 ORSD= ( RNPD*240 . 0+ ( WTD+( NED*0.66) ) +3. 413) *HD
ceiianas o 26 QRSK= ( RNPN%240 . 0+ ( WTN+( WEN*0.66) ) 3. 4 13) *EN
i 27 c :
§ 4 .28 QRLD= (RAPD*160 .8+ WED*0. 343 . 413) *HD
g | 29 GRLN= ( REPN*160. 0+ WEN+0. 34%3. 413) xHN
30 RETURN

a1 END
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SUBROUTINE HLHG(QID,QINK, QWD,Q¥N, QDD, QDN, @CD, @CN, @FD, QFR, THTC, PUH,
*QRD, ¢1N,QTD, QTN, HG, HL, @D, @CN,K, L, TIN, TON, TID, TOD, IACNV, 8GD, ICHECK
*,TiC,TIH, ZK)

C THIS 1S HEAT LOSS AND HIIAT GAIN CALCULATIONS

c

C *xx [NPUT *x*

[ QCDh : DAYTIME CEILING EEAT GAIN

c Qlb : DAYTIME IRI'ILTRATICN HEAT GAIN

c QIN : NIGHTTIME INFILTRATIOR IOEAT GAIR

c QwD : DAYTIME WAILL HEAT GAIN

c QWN : NIGHTTIME WALL HEAT CAIN

C anp t DAYTIME DOOR HEAT GAIN

[ QDN : NICGHTTIME DOOR HEAT GAIN

C QCD : DAYTIME WINDOW HEAT CGAIR

C QCN : NIGHTTIME VINDOW HEAT CAIN

C QrD : DAYTIME FLOOR HEAT GAIN

[ @FN : NIGHTTIME FLOOR HEAT CAIN

c QRD : DAYTIME INTERNAL HEAT CAIN

C QRN : NIGHTTIME INTERNAL HEAT CAIN

c THTC ¢ THERMAL TIFE CONSTANT

C QCHR : NIGHTTIME CEILING HEAT GAIN

[ £GD : DAYTIME SOLAR HEAT CAIN

C PUH ¢ PICK UP HOURS

c IACNV : NATURAL VENTILATION INDEX

c = @0 IF WINDOW ALWAYS CLOSED

C = 1 IF WINDOW OPENS WHER OUTDOOR TEMPERATURE 1S LESS THAN THE
c THERMOSTAT SET POINT IN SUMMER
c TIC : COOLING THERMOSTAT SETTING — NKOT USED
c TIH : HEATING THERMOSTAT SETTING -- NOT USED
c K ¢ OVERALL HEAT TRANSFER FACTOR

c K : FIRST COOLING MONTH

[H L : LAST COOLING MONTH

c

4 xxx OUTPUT =%x ° : 5

C aTD : DAYTIME HEAT LOSS AND HEAT GAIR

Cc QTN : NICHTTIHE HEAT LOSS AND HEAT CAIN
c HL t DAILY HEAT LOSS

c HG t DAILY HEAT GAIN

C

COMMON/HR/HRDAY( 12) ,HRNIT( 12}

DIMENS I10d

eID(12), QIR(12}, @Wn(i2:, QWN(I2), @DD(12), QDN(12),
ecD(12), @CN(12), QFD(12), QFN(12), QRD(12), Q@RN(12),
QTD( 12), QTT(12), HG (12), HL (12), @CD(12), QCN(12),
TINC12), TON(12), TID(12), TOD(12), SGD(12), AA (10),
EB(10, 12) ,ZK(12)

DATA AA-2HZK, 4HDHCD, 4HDHWU, 3HPUH, 6 HPULDWN, 6 HP ICKUP, 3HCLD, 3HCLN,

OLD=@.
CLD=@.
HLN=0.
CLN=0.
PICKUP=0.
PULDWN=@.
DHCD=0.
DHWU=0.

JHHLD, 3AHLN/
DO 10 =1,

12

QTD( P =0ID( D +QWD( 1) +QDD’ 1} +QCD( D +QFD{ 1) +QRD( 1) +QCD( 1)
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QTN( D) =QINC [) +QWN( 1) +QDN( 1D +QCN( 1) +OFR{ DD +QRN( DD +QCNC )

IFCTID(D .RE.TINC1)) €O TO 11

IFC@IDC 1) .GT.0.) CLB=QTDC 1)

IFCQTNC D) .CT.0.) CLN=QTN(I)

IFCQTDC 13 .LT.0.) IILD=QTDC 1)

IFCQTNC 1) .LT.6.) ILN=QTNCI)

GO TO 9

IF+QTD( 1) .CE.0.AND.QTN( 1) .CE. 0. AIID.TIDC I} .CE. TIN{ )
IFLUTD( I} .GE.O.AND,QTN{ I) .CE.O.AND. TIZ( D) .LT.TIN( 1)
IFCATDCT) .GE. €. AND.QTH( [) .LE. Q. AUD. TIDC 1) .GE_TINCI)
IF{QTD( 1) .GE.®.AND.QVN( 1) .LT.0.AND.TID( ID .LT.TINC 1)
IFLQTD( 1) .LE. 9. AND.QTN( 1) .LE.O.AND. TIDC I} .CE.TINC D)
IF.QTDC 1) .LE. 9. AND. QT [} . LE.@.ANL.TIDC [} .LT. TINC I
IF<QTD: 1) .LT.9.AND.QTH( 1) .GE.0.AND.TID( ) .CE. TIH{ D
IF(QTD( 1) .LT.®.AND.QTNC 1) .GE. 0. AND.TID{ ) .LT.TINCD)
Gn T (1,2,3,4,5,6,7,8), IX

LT=TI7( D-TID( D

CALL THOTCX(TONCI) ,TiDC(I),DT,PULDWHN,2X¢ 1) ,PUH, THTC, 2)
GT=TID( D ~-TINCI)

Q={QRD( D +8CGD: 1)) 7/HRD..Y( 1)

CALL THTCX(TCD( 1) ,TINCi),.DT,Q,7ZK( [}, DHRU, THTC, 1)
IF(DHWU.CE. HRDAY( 1)) DIWU=HRDAY( 1)
CLD=QTD( I)*( 1 .-DHWU-/HRDAY( 1))
CLH=PULDWN*PUH+@TN( I)*( 1.-PUHL/HRNIT( 1))

GO TO 9

DT=TIAC D -TIDC 1)

Q=QRNC 1) 7/HRNITC( 1)

CALL THTCX(TONCI),TID?D),DT,@,ZK( I),DIWU, THTC, 1)
IF(DHWU.SE.HRNIT( 1)) DEWU=HRNITC(I)

DT=TID( I} ~TIRC D)

CALL THTCX(TOD(I) .TINCI) ,DT, PULDWN,ZX( 1), PUH, THTC, 2)
CLU=QTD( 1) *( 1. ~PUIZ/HRDAY( ) ) + PULDVIPUH

CLM=QTN( D) *( 1.-DHWU-HRNI'T( 1))

GO TO 9

DT=TINCD)-TIDCI)

Q=CRNC D) ZHRNITC D)

CALL TJTCX(TONC(D),TIDCI),DT.Q,Z¥¢ [} ,DHCD, THTC, 1)
IF(DACD.LT.HRNIT( 1)) DICD=HRAITI{ I)

DT=TID( DD -TINC D)

Q=(QPD( 1Y+SCDC D) ) Z/HRDAYC )

CALL THTCX(TOD( 1) ., TINC D) ,DT,Q,ZK( 1), DHWU, TATC, 1)
IF(DHWU.GE. HRDAY( 1)) DUWU=HRDAY(I)
ELN=QTN( D *{ 1. -DHCD/GRAITC 1))
CLP=QTD( I} %( 1. ~DOWU/HRDAY( 1)}

GO TO 9

PT=TINCD-TIG(D

CALL THTCXCTONC ) ,TIDL D, DT, PICKYY, ZX( 1), P70, TG, 2)
PE=TIB D =-THHCD :

CALL THTCX(TODM 1), TINCI),DT, PULDWI, ZK{ 1) , PUH, TITTE. 2)
CL»=QTD( D *C | .~PULI/HRDAY( [) ) +P ICICUD:=PUTL

LA=OTHC [ #( 1. ~PUR/ORIITC D) +PULDVN=PUH

GO TO 9

DT=TIDC D =TINCI)

CALL TIYCX(TOD( DY, TINC D .DT,PICKUR?, 7" 1) PN, THTC, 2)
2ORAC D ZHORNITC 1)

Wr=TINC D =TIDC D)

CALL THTCXCTOHO 1Y JTID 1Y (BT, Q, 2K 1 780D, TIOTE, 1Y

7P RED.GELTRNITC 43) DUCD=THIT D)

)
)
)
)
)
)
)
)

IX=1
1¥=2
I¥=3
IX=4
I1X=5
1X=6
1X=7
1X=8



L

A

116
117
118
119
129
121

123
124
123
126
127
128
129
130
131
132
133
134
133
136
137

139
140
141
142
143
144
143
146
147
148
149
130
131
132
153
154
133
186
157
138
139
160
161
162
163

10
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HLR=CTN( ) *( 1. -DHCD/MRNIT( 1))

BLD=QTD( [)*( 1.-PUIL/IIRDAY( 1) ) +P ICKUP*PUH

GO TO 9

DT=TIK! D-TID( D)

CALL THTCX(TONCI),TID(1),DT,PICKUP,ZK( I) ,PUH, THTC,2)
Q= (QRD( 1) +SGH 1)) 7HPDAY( 1)

DT=TILB( D~TINCI)

CALL THTCX(TOD( I} ,TINC1),DT,Q,ZK( 1), DECD, THTC, 1)
IF(DHCD.GE. IRDAY( 1)) DICD=HRDAY( 1)

IILD=QTD( I) *( 1 . -DOCD/HADAY( 1))

MLA=P ICIUP*PUH+QTH( 1) *( 1.-PUH/ORNIT( ) )

GO TO 9

DT=TIN( D-=-TID( 1)

CALL THICX(TON(I),TID( ) ,DT,PULDVN,ZK( I} ,PUH, THTC, 2}
DT=TID( I)-TINCI)

CALL THTCR(TOD(ID),TINCI),DT,PJCKUP,ZK( 1) ,PUH, THTC,2)
HLD=P ICKUP*PUH+QTD{ 1) *( 1.-PUH/HRDAY( 1))
CLR=PULDWH*PUH+QTN( 1) *( | .~PUH/HRRIT( D))

GO TO 9

DT=TID( D-TIRCI)

Q= (QRD( 1) +8GD( 1) ) /HRDAY( I)

CALL THTCX(TOD(1),TINCI),DT,@Q,ZK(I),DHCD, THTC, 1}
1F(THCD.CE. HRDAY( 1)) DGCD=HRDAY( 1)
DT=TIRC1)-TID( I)

Q=QRN( I) /HRNIT( I)

CALL THTCX(TON(I),TID( D ,DT,Q,ZK( 1), DEWU, THTC, 1)
IF(DEWU.GE.HRNIT( 1)) DHWU=HRNIT( I}

HLD-QTD( 1)x( 1.-DHCD/HRDAY( [))

CLN=QTN( I)*( 1.-DHWO/HRNIT( 1))

HG( 1) =CLD+CLN

HL( I) sHLD+HLKN

BB(1, D=ZK(I)

BB(2, 1)=DECD

BB(3, 1)=DHWU

BB(4, D=PUN

BB(5, I) =PULDWN

BB(6, I)=PICKUP

BR{7, ) =CLD

re{8, 1)=CLKN

GB(9, I)=HLD

BB( 10. ID=HLN

CONTINCE

DC 20 J=1,18@

IF. ICAECK.EQ. 1) WRITE(6,2000) AA(J),(ER¢J,KK),KX=1,12)
FORMAT( 1H ,A6,12G10.4°

CONTINUE

rE=unn

ERG
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BUBROUTINE THTCX(TO,TI,DT,@,ZK,DH, THTC, IXD
TO OUTSIDE TEMPERATURE )

TI INITIAL INDOOR TEMPERATURE, F

DT  TEMPERATURE RISE AFTER DH EOURS

Q INTERNAL HEAT CGAIN, BTO/DAY
ZK HEAT LOSS FACTOR, BTU/(HR)(F)
DH TIME DURATION, HR

THTC THERMAL TIME CONSTANT

IX CALCULATION INDEX

IX =1 CALCULATE DH

IX = 2 CALCULATE Z@

IX = 3 CALCULATE DT

WRITE(6,8) To,TI,DT,Q,ZK,DH, THTC, IX
FORMAT(' TO='F12.6,* TI='F12.6,"' DT='F12.6," @='F12.6,

& ' ZK="F12.6," DH="F12.6," THIC='F12.6,' IX='I2)

N -

{ X

IF(IX.EQ.1) GO TO 1
Z1zEXP(-DE/THTC)
Z2=1.-Z1

GO TO (2,3.4), IX
Z32TO-TI+@ZK
ZA=TO-(TI+DT +QZK
26=23/24

IF(Z6) 5.8,6

DH=24.

RETURK

WRITE(6,6) Z3,74,7Z6
FORMAT(® Z3='F12.6,® Z4='F12.6,"' Z6='F12.6)
Z5=ALC A Z3/24)

DH=THTC*Z3

IF(DH.LE.®.) DH=24.

RETURR
Z6=TI-TO
Z7=26+DT/22
Q=-ZExZ7

RETURN
Z3=TO-TI+Q ZK
DT=23%Z2
RETURN

ERD



QG308Q9*xCONSP6( 1) . HCRT(7)

-

6€ 9

am. .

[ H

ananOaaaane 100

SUBROUTINE BCRT (HL, HG, LHC, HREQ, CREQ, AIRLOS)
THIS IS HEATING AND COOLING REQUIREMENT ROUTINE
xx= INPUT ®x%

HL : SENSIBLE HEAT LOSS
HG t SERSIBLE HEAT GAIN
LEG : LATEKRT HEAT CGAIR

AIRLOS : AIR LEAKAGE THROUGH DUCTS, PERCENT OF DELIVERED AIR

xx% OUTPUT *xx

HREQ : HEATIRG REQUIREMENT
CREQ : COOLIRGC REQUIREMETT

DINERSION HL(12), BG(12), LHG(12), HREQ(12), CREQ(12)
REAL LHG : '
DO 16 I = 1,12 =
HREQ(I) = (HL(I)+LEG(I)) = (1.0 + AIRLOS/100.0)
- IF(HREQ( ) .GE.®.) HREQ(1)=0.
CREQ(I) = (BG(I) + LEG(I))*(1.0 + AIRL0OS/100.0)
1’) CONTINUE
RETURN

END
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SUBROUTIRE SEU(Sai,SB,TE,TOD, I,SUF,AS, S, ISOLHW, ISOLSH)

-

THIS IS SOLAR ENERCY UTILIZATION
zxx [NPUT =xx

SA ¢ COLLECTOR NORMAL EFFICIERCY CURVE DATA A
SB : COLLECTOR NORMAL EFFICIENCY CURVE DATA B
TE ¢ INLET FLUID TEMPERATURE

TOD : DAYTIME OUTDOOR TEMPERATURE

I : DAILY TOTAL SOLAR RADIATION

SUF t SOLAR HEAT UTILIZATION FACTOR

AS : COLLECTOR AREA

ISOLHW : SOLAR HOT WATER INDEX, € FOR KO, 1 FOR YES
IBOLSH » SOLAR SPACE HEATING INDEX, @ FOR NO, 1 FOR YES

*3% OUTPUT **=*
s ¢ SOLAR HEAT UTILIZED

COMMON/HR/HRDAY( 12) ,HRNIT( 12)
DIMERSION TE(12),TOD(12), I(12),Q8(12)
REAL I

DO 10 J=1,12

as(J)=ze.9

IF( ISOLHVW.EQ.8.ARD. ISOLSH.EQ.8) GO TO 1@

QS(J)=ASxSA*( 1.0-IIRDAY(J) x( TE(J)-TOD(J) ) /SB/1(J) ) =SBUF£I(J)
IFCITE(I)-TOD(J) ) /1(J) .CT.6B) @S(J) = 0.0
IFCITECH -TOD(J) }/1(J) .LT.0.) @S(J} = ASxSAxSUF*1(J)
CORTIRUE

RETURY

i

@PRT,S CONSP6.EREQ, . HWHIEQ, .CSDUPI, . ASDUP]1, . BMDUP!, .OSDUT' 1, . ZKDN, -PEY2, . WBF
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SUBROUTINE EREQ(HREQ,CREQ,EH,EC, ISYS,SHBTU,SCBTU, WHREQ, @S, 0QC, QOH)
THIS IS ENERCY REQUIREMENT CALCULATION ROUTINE
xxx INPUT %¥x

HREQ t HIATING REQUIREMENT

CREQ 1 COOLING REQUIREMERT

EH ¢+ HEATIRG EFFICIERCY

EC : COOLING EFFICIERCY

WHREQ@ : HOT WATER HEATING REQUIREMERT
as : ENERGY FROM SOLAR COLLECTOR
QQC : HEAT CAIN THROUGH DUCTS 8 PIPES
onH i HEAT LOSS THROUGH DUCTS 8 PIPES
ISYS t SYSTENM INDEX

1 = HEATIRG + RO COOLIRG
2 = RO HEATIKC + COOLIRG
3 = HEATING + COOLING

sz OUTPUT =%»

SHBTU : HEATING ENERGY REQUIREMENT AFTER USING ENERCY FROM SOLAR
COLLECTOR, INCLUDIRG HUT WATER ENERCY REQUIREMENT
BCBTU : SPACE COOLIKG ENERCY REQUIREMENT

DIMERSIOR HREQ( 12),CREQ( 12) , WHREQ( 12) ,QS( 12) ,QQC( 12) , @QH( 12)
G0 TO (1e9,101,102), ISYS

SCBTU=0.0

SHBTU=6.0

DO 260 I=1,12

N= (HREQ( I} +WHREQ( 1) +08( 1) +QQH( 1) ) /EH
IF(X.GT.9.8) X=0.0

SHBTU=SHBETU+X

CONTINUE

TO 9299

SHBETU=0.0

SCBTU=3.0

DO 201 I=1,12

Ys(WHREQ( 1)+Q@S( I) ) /EH
IF(Y.CT.9.8) Y=9.0
SHBTU=SHBTU+Y
SCBTU=SCBTU+(CREQ( 1) +QaC( 1)) /EC
CORTINUE

GO TO 999

SHBTU=0.0

SCOTU=06.0

Do 202 1=1,12

Z=(HREQ( [) +WHREQ( 1) +QS( 1) +QQH( I} ) /EH
IF(Z.GT.0.0) Z=0.90

SHBTU=SHBTU+Z

SCBTU=SCBTU+(CREQ( 1) +QQC( 1)) /EC
CONTINUE
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SUBROUTINE HWHREQ(TOUT, TIN, HWT, A, BSMTD, BSMTN, D1, RAM1, D2, RAM2,

i HLHWE1, HLEWH2 , SAVE, WHREQ)

THIS IS HOT WATEK HEATING REQUIREMERT ROUTINE
*xx INPUT ®xx

TOUT : HOT WATER OUTLET TEMPERATURE

TIN ¢ HOT WATER INLET TEMPERATURE = GROUND TEMPERATURE

HWT : HOT WATER USAGE 73. GALLON/DAY

A 1 TOTAL JACKET AREA

BSMTD : DAYTIME BASEMENT TEMPERATCRE

BSHMTN : NIGHTTIME BASEMENT TEMPERATURE

D1 : THICKNESS OF ALREADY INSTALLED INSULATIOR

RAM1 : THERMAL CORDUCTIVITY OF ALREADY INSTALLED INSULATION

D2 : THICKNESS OF ADDITIONAL INSULATION

RAM2 ¢ THERMAL CORDUCTIVITY OF ADDITIONAL INSULATION
*xx QOUTPUT *%xx

HLHWHI : HEAT LOSS THROUCH NON-ADDITIONAL JACKET

HLHWH2Z : HEAT LOSS THROUCH ADDITICNRAL JACKET

SAVE ¢t ENERGY SAVING BY ADDPITIONAL INSULATION

WHREQ : HOT WATER HEaTING REQDIREHMERT

COMMON/HR/HRDAY( 12) ,HRNIT( 12)
DIMENSION TIR( 12), WHREQ( 12) , BSMTD( 12) ,BSMTN( 12) , HLHWH1( 12) ,
1 HLHEWH2( 12) ,8AVE(12)

UX=8.683
IF(RAM!.EQ.9.0) GO TO 19
UK=0.683+D1/RAN]1

Ul=1.8/UX

UY=0.683 &

IF(RAMI.NE.9.0.AND.RAM2.NE.6.6) UY=0.685+D1/RAM1+D2/RAM2
IF(RAMI.NE.@.6.ARD.RA12.EQ.9.0) UY=0.683+D1/RAMI
IF(RAMI.EQ.9.0.AND.RAM2.NE.9.0) UY=0.685+D2/RAM2
U2=1.6/0Y

DO 29 I={(,12

QD 1»UlxAx( BSMTD( 1)~TOUT) *HRDAY( I)
QR 1=Ul*Ax( BSMTN( 1)-TOUT) *HRNIT( ID
QD2=U2xAx( BSMTD( 1)-TOUT) *HRDAY( I)
QN2=U2xAx( BSMTN( ) -TOUT) *HRNIT( I)
HLHWHI( I)=0QD1+QIl1

HLHWH2( 1) =QD2+QR2

SAVE( I) =HLHWH2( D -HLHWHI( I)
WHREQ( 1)=590.0/60.0%x(TIN(I) - TOUT) = HWI+HLEWH2(I)
IF( WHREQ( 1) .GT.©.0) WHREQ(1)=0.0
CONTINUE

RETURI

ERD

-y
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SUBROUTINE CSDUP I ( ADUCT, UDUCT, AP 1PE, UPIPE, TCSUPA, 'I'CaUPW THSUPA,
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THSUPW, CRAWLD, CRAWIL.N, NSTART, NLAST, QC, QH,

CFAC, HFAC)

THIS IS HEAT LOSS 8 GAIN THROUGH DUCTS 8 PIPES IN CRAWL SPACE
*x%x INPUT *xxx

ADUCT = TOTAL SURFACE AREA OF DUCT IN CRAWL SPACE

UDUCT = U VALUE OF DUCT

APIPE = TOTAL SURFACE AREA OF PIPE IN CRAWL SPACE

UPIPE = U VALUE OF PIPE

TCSUPA = SUPPLY CHILLED AIR TEMPERATURE

TCSUPW = SUPPLY CHILLED WATER TEMPERATURE

THSUPA = SUPPLY BOT AIR TEMPERATURE

THSUPW = SUPPLY BOT WATER TEMPERATURE

CRAWLD = DAYTIME CRAWL TEMPFRATURE

CRAWLR = NIGHTTIME CRAWL TEMPERATURE

xx% OUTPUT *¥x%

aC
QH

COMMON/HR/
DIMERSION
1

DO 16 I=1,

= HEAT CGAIN THROUCH DUCTS 8 PIPES
= HEAT LOSS THROUCH DUCTS 8 PIPES

HRDAY( 12) ,HRNIT( 12)
CRAWLD(12), CRAWLN(12), @C(12), QH(12),
CFAC(12), HFAC(12)

12

DUCTCD= ADUCT*UDUCT*( CRAWLD( 1) -TCSUPA) *HRDAY( 1) *CFAC( I)
DUCTCN=ADUCT*UDUCT*( CRAWLN( 1) -TCSUPA) *HRNIT( I) *CFAC( I)

PIPECD=API
PIPECH=API

PE*UP IPE*( CRAWLD( I)-TCSUPW) *HRDAY( 1) *CFAC(I)
PEXUP IPE*( CRAWLN( 1) -TCSUFW) *HRNIT( 1Y *CFACC(I)

QC( 1>=DUCTCD+DUCTCN+P IPECD+P IPECN

IF{I.LT.NSTART.OR. 1.GT.NLAST) QC(1)=0.0

DUCTCD= £DUCT=UDUCT*( CRAWLD( 1) —THSUPA) *HRDAY( I) *HFAC( 1)
DUCTCN=ADUCT*UDUCT+( CRAWLN( 1) -THSUPA) +HRNIT( 1) *HFAC( I)

PIPECE=API
PIPECN=API

PE*UP IPEA:( CRAWLD( I)-THSUPW) ::-HRDAY( 1) */IFACC I)
PEXUP IPE*( CRAWLN( I) ~THSUPW) *HRN1T( I) *iIFAC( ID

QH( 1) =DUCTCD+DUCTCN+P IPECD+P IPECN

IF(I.GE.NS
CONTINUE
RETUEN

END

TART.AND. 1. LE. NLAST) QH(I1)=0.0
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SUBROUTINE
1

ASDUP I( ADUCT, UDUCT, AP IPE, UPIPE, TCSUPA, TCSUPW, TESUPA.
THSUPW, ATD, ATN, NSTART, NLAST, @C, QH, CFAC, HFAC)

THIS IS HEAT LOSS8 8 CAIN THROUGH DUCTS 8 PIPES IN ATTIC SPACE

*x% INPUT *%xx

aaacaOaanAOOOOnea0n

ADUCT : TOTAL SURFACE AREA OF DUCT IR ATTIC SPACE
UDUCT : U VALUE OF DUCT
APIPE : TOTAL SURFACE AREA OF PIPE IN ATTIC SPACE
UPIPE : U VALUE OF PIPE .
TCSUPA : SUPPLY CHILLED AIR TEMPERATURE
TCSUPW : SUPPLY CHILLED WATER TEMPERATURE
THSOFA : SUPPLY HOT TFEMPERATURE
THSOPW : SUPPLY HOT WATER TEMPERATURE
ATD : ATTIC DAYTINE TEMPERATURE
ATN : ATTIC NICHTTIME TEMPERATURE
*x¥ OUTPUT xxx%
QaC s HEAT CAIN THROUGH DGCTS 8 PIPES
QH t HEAT LOSS THROUGH DUCTS 8 PIPES

COMMOR/HR/HRDAY( 12) , HRNIT( 12)

DIHERSION ATD(12), ATNR(12), @C(12), QH(12),CFAC(12),HFAC(12)

Do 10 I=1,12 3
DUCTAD=ADUCT*UDUCT*( ATD( I) -~TCSUPA)=HR™._ :- ()=CFAC( D)
DUCTAN= ADUDCT*UDJCT=( ATN( 1) -TCSUPA) *HRN 7'« [)*CFAC( 1)
PIPEAD=AP IPExUP IPEx( ATD( 1) -TCSUPW) *HRDAY( 1) *CFAC( I)
PIPEAN=APIPEXUP IPEx( ATN( I)-TCSUPW) *HRNIT( I) *CFAC( I)
QC( 1) =DUCTAD+DUCTAN+P IPEAD+P IPEAN
IF(I.LT.NSTART.OR. |.GT.NLAST) Q@C(1)=0.0
DUCTAD= ADUCT*UDUCT*( A1D( 1) ~THSUPA) *HRDAY( 1) xHFAC( 1)
__ DUCTAN=ADUCT*UDUCT*( ATN( 1) -THSUPA) *HRNIT( I) *HFAC( I)
PIPEAD=AP IPExUP IPE*( ATD( 1) -THSUPW) *HRDAY( 1) *HFAC( I)
PIPEAN=APIPE*UP IPEx(ATN( I)-THSUPW) *HRNIT( I) *HFAC( I)
QH( 1) =DUCTAD+DUCTAN+P IPEAD+P IPEAN
IF(1.GE.NSTART.AND. I.LE.NLAST) QH(1)=0.0

1® CONTINUE
RETURN

END




Q808Q8xCORSP6( 1) .BMDUP1(8)

9%

@SN -

oooOoaacaaoaAnOOOaaacann

SUBROUTINE BMDUPI(ADUCT, UDUCT, APIPE, UP IPE, TCSUP#,, TCSUPW, THSUPA,
THSUPW, BSMTD, BSMTR , NSTART, NLAST, IKDEXC, QC, al,

1
2 CFAC, EFAC)

THIS 18 HEAT LOSS 8 CGAIN THROUGH DUCTS 8 PIPES IN BASEMENT

xxx INPUT =zzxx
ADUCT : TOTAL SURFACE AREA OF DUCT IN BASEMEAT

UDUCT : U VALUE OF DUCT

APIPE : TOTAL SURFACE AREA OF PIPE IN BASEMENT

UPIPE : U VALUE OF PIPE

TCSUPA : SUPPLY CHILLED AIR TEMPERATURE

TCSUPW : SUPPLY CHILLED WATER TEMPERATURE

THSUPA : SUPPLY HOT AIR TEMPERATURE

THESUPW : SUPPLY HOT WATER TEMPERATURE

BSHTD : BASEMENT DAYTIME TEMPERATURE

BSMTR : BASEMEKT NICHTTIME TEMPERATURE

INDEXC : =0 IF BASEMENT HEATED; =1 IF UNHEATED
xxx OUTPUT x%x

QC t HEAT GAIN THROUGH DUCTS & PIPES

CH : HEAT LOSs THROUGH DUCTS 8 PIPES

COMMCN/HR/HRDAY( 12) ,HRNIT( 12)
DIMERSION BSHMTD( 12), BSHTR(12), QC(12), QH(12),
1 CFAC(12), HFAC(12)
DO 16 I=1,12
DUCTBD=ADUCT*UDUCT*( BSMTD( 1) -TCSUPA) *HRDAY( I)*CFAC(I)
DUCTEN= ADUCT*UDUCT*( BSMTN( 1) -TCSUPA) *HRNIT( 1) *CFAC( 1)
PIPEBD=AP IPE*UP I PEx( BSMTD( 1) -~TCEUPW) *HRDAY( 1) *CFAC( I)
PIPEBR=AP IPExUP IPE*( BSHTN( ) -TCSUPW) *HRNIT{ I) *CFAC(- 1)
QC( 1) =DUCTBD+DUCTBN+P IPEBD+P [PE3N
IFCI.LT.HSTART.OR. I.GT.NLAST) QC(1)=0.0
DUCTBD= ADUCT*UDUCT*( BSHTD( I) -~THSUPA) *HRDAY( 1) *HFAC( I)
DUCTBHE= ADUCT*UDUCT*( BSMTN( 1) -THSUPA) *HRNIT( [ ) *[IFAC( I)
PIPEBD=AP IPE+*UP I PE*( BSMTD( 1) -THSUPW) *HRDAY( 1) *HFAC( 1)
PIPEDBN=APIPE+UP IPE*( BSMTN( 1) -THSUPW) *HRNIT( 1) *HFAC( 1)
QH( 1) =DUCTBD+DUCTBN+P IPEBD+P IPEBR i
IF(1.CE.NSTART.ARD. I.LE.NLAST) QH(I)=0.0
IFC(INDEXC.EQ.@) QH(I)=0.0
CONTIKNUE
RETURN
END
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SUBROUTINE OSDUPI(ADUCT, UDUCT, APIPE, UI'IPE, TCSUPA, TCSUPW, THSUPA,
1 THSUPW, TOD, TOR, KSTART, NLAS1, @C, QH, CFAC, HFAC)

THIS I8 HEAT LOSS & GAIN THROUGCH DUCTS 8 PIPES IN OUTSIDE

*x% INPUT *%x

ADUCT TOTAL SURFACE AREA OF DUCT IR OUTSIDE
UDUCT U VALUE OF DUCT

APIPE TOTAL SURFACE AREA OF FPIPE IN OUTSIDE
UPIPE U VALUE OF7 PIPE

TCSUPA : SUPPLY CHILLED AIR TEMPERATURE

:
3
TCSUPW : SUPPLY CHILLED WATER TEMPERATURE
:
:

THSUPA : SUPPLY HOT AIR TEMPERATURE
THSUPW : SUFPLY HOT WATER TEMPERATURE
TOD DAYTIME OUTSIDE TEMPERATURE
TOR NIGHTTIME OUTSIDE TEMPERATURE

*xx OUTPUT *xx

19

ac t HEAT GAIN THROUGH DUCTS &8 PIPES
41 : HEAT LOSS THROUGE DUCTS 8 PIPES

COMMON/HIVHRDAY( 12) , ARNIT( 12)

DIMERSION TOD(12), TON(12), @C(12), QH(12),CFAC(12),HFAC(12)

DO 18 1=1,12

DUCTOD= ADUCT*UDUCT=( TOD( 1) -TCSUPA) *HRDAY( I) *CFAC(I)
DUCTON= ADUCT*UDUCT*( TON( 1) ~TCSUPA) *HRRIT( 1) *CFAC( I}
PiPEOD=AF IPE*UDUCT*( TOD( 1) -TCSUPW) *HRDAY( 1) *CFAC( 1)
PIPEON=AP IPExUDUCT*( TON( 1) -TCSUPW) *HRNIT( I *CFAC( I)
QC( 1) =DUCTOD+DUCTOR+P IPEOD+P IPEOR

IF (I.LT.NSTART.OR. 1.GT.NLAST) GC(1)=0.0

DUCTOD= ADUCT*UDUCT=( TOD( I)-THSUPA) *HRDAY( I) *HFAC( I)
DUCTON= ADUCT*UDUCT*( TON( 1) -THSUPA) *HANIT( I) *HFAC( 1)
PIPEOD=AP IPEXUP IPE+( TOD( I} -TIISUPW) *HRDAY( 1) *HFAC( I)
PIPEON=APIPEXUPIPE*( TON( I)-THSUPW) *HRNIT( 1) *dFAC( 1)
QH( I)=DUCTOD+DUCTON+P IPEOD+P TPEON

IF (1.GE.NRETART.AND.I.LE.RLAST) QH(1)=0.0

LONTINOE

RETUHN

END

oy
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1 SUBROUTINE ZKDN(RINFIL,B, ZK?
2 LH THIS ROUTINE DETERMINES THE OVERALL ERVELOPE HEAT TRANSFER FACTOR
3 c A SUEROUTINE OF HLEG ROUTINE
4 REAL RINFILC12),B(350)
3 REAL ZK(12)
6 SUMZK=B( 72) *B(74) +B{ 77) *B(79) +B(82) *B(84) +B(B7) *B(89) +H( 124) *B( 125
7 %) +B( 130)=B( 151)+B( 136) *B( 137)+B( 142) *B( 143) +B(292) *B{293) +B(297) *B
8 *{298) +B(362) xB(303) +B(367)*xB(308) +B( 152) *B( 192)
b PO 1 I=1,12

8 ZZ=SUMZK+RIRFIL(1})x1.08

11 P ZK(D=7Z

12 RETURAR

13 END

e
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SUBROUTIRE PSY2 (¢B,DP,PB,WB,PV,.¥W,H,V,RH)
FREXXEXEFEEEEE XX E TR E R R R R KRR AT LR R KR LR R R TR R R TR X R R XX AT KRR ER R R

THIS SUBROUTIRE CALCULATES THE FOLLOWINGS WHEN DRY-BULB TEMPERATURE
(DB) ,DEW-POINT TENPERATURE(DP) ,AND BAROMETRIC PRESSURE(PB) ARE GIVER
WET-BULB TEMPERATURE

HUMIDITY RATIO

ENTHALPY

VOLUME

VAPOR PRESSURE

RELATIVE HUMIDITY
IF (DP-DB) 20.1@,10
DP=DB
PV=PVSF(DP)
PVS=PVSF(DB)
RH=PV/PV8
W=9.622xPV/(PB-PV)
V=0.734*(DB+489.7)%( 1+7000xW/4360) /FB
H=90.24*DB+( 106 1+0.444=DB) =W
IF (H) 30,390,490
WB=DP
RETURN

WB=WBF(H, PB)
RETURN

E:qmtg

END



Q8Q8Q8*CONSP6( 15 . WBF( 1)
FUNCTION WBF (H,PB)

EXEXEEEEETRLEK RERE XXX EEEER XL LXK EXRRERE KR KRR EEXERXEEERARRRER

(2]

C
C
€ THIS PROCRAM APPROXIMATES THE WET-BULB TEMPERATURE WHEN
c ENTHALPY IS GIVEN
IF (H) 30,390,180
1@ Y=LOG(H)
IF (H.GT.11.7358) GO TO 20
WBF=0.6041+3.48413Y+1.36012Y27+0.973072YRY*Y

&0 TO 1006

C

29 WBF=30.9183-39.68200%xY+20.584 1xY:Y-1. 73BxYxYxY
GO TO 100

C

39 WB1l=13@.
PVi=PVSF(WB1)

Wi=0.622xPVi/(PB-PV1)
X1=0.24*WB1+( 1061+0.4442WB1) *W1
Yi=H-X1

40 WB2=WB1-1
PV2=PVSF( WB2)
W2=0.622*xPY2/(PB-PV2)
X2=0.24*WE2+( 106 1+ 0 444WB2) xW2
Y2:=H-X2
IF (YixY2) 90,60,30

!
o 50 WB1=WB2
Yi=¥2
g . CO TO 40
c
60 IF (Y1) 80,70,80
70 WBF=WB1
GO TO 180
c
80 WBF=WB2
GO TO 100
c

29 Z=ABS(YI1-Y2)
USF= (WB2*Z+WB1) /¢ 1+Z)
100 RE I'URN

PR DO LLLLLLWNN NN DN N e i e
N-eomqmuauﬁ—-ouﬁoa;gnﬁeznaaaouﬁ—oenqaa&ow-

ERD PRT
€PRT.S CONSPG.DECDAY, . LINT, . MAX, . MIN




Q8Q8Q9xCONSP6( 1) . DEGDAY(S)

1 SUBROUTINE DEGDAY(R, CDEG, HDEG, THT, TCT)
2 c THIS ROUTINE DETERMINES ARNUAL HEATINGC AND COOLIRG REQUIREMERTS
3 [ BY THE VARIABLE DEGREE DAY METHOD
] Cc HREQ MONTHLY HEATING REQUIREMENT (NECATIVE)
3 C CREQ MORTHLY COOLING REQUIREHMERT (POSITIVE)
6 C TOD MORTHLY RORMAL DAYTIME TEMPERATURE
7 [H TON MONTHLY NORMAL NICHTTIME TEMPERATURE
8 c CDEG COOLING DEGREE DAY AT DIFFERENT BASE TEMPERATURE
9 C HDEG HEATING DEGREE DAY AT DIFFEHERT BASE TEHMPERATURE
10 C THT ANNUAL HEATING REQUIREMENT
11 C TCT ANNUAL COOLINC REQUIREMENT
12 DIMERSION HREQ( 12) ,CREQ( 12),TOD( 12) , TON( 12) ,TO( 12) , CDEG( 16) , HDEG( 16)
13 16) ,R(50) ,DAYS(12)31.,28.,31.,390.,31.,30.,31.,51.,39.,31.,39,,31./
14 WRITE(6,5)
13 DO 1 I=1,12
16 HREQ( ) =R( 1+2) /DAYB( I}
17 CREQ( I)=R( I+14)/DAYS( I}
18 TODC ) =R( [+26)
19 "OR( ) =R( [+38)
20 i TO(D=(TO 1)+TON( [)) 2.
21 CALL HAX(CREQ,QCZ, IMAX, 12)
22 CALL MIR(CREQ,QCt, ININ, 12)
23 TC1=TO( IKIN)
24 TC2=T0( IHAXD
3 25 TBC=( TC1%0C2-TC2*xQC 1) /(@C2-QC1)
n “ ‘ﬂll'l!(ﬁ.zi ml.m.ﬁﬂ!.m.m
a7 CALL MAX(EREQ,QHI, INAX, 12)
28 CALL MIN(HREQ,QH2, IMIN, 12)
g 29 2 FORMAT(' TCi='F15.1,6X,' TC2='F15.1,6X," @Ci="F15.1,6X," QC2»'F18.
= 30 ®1,6X,' TBC='F15.1/)
31 TH1=TO( IHAXD
32 TH2=TO( INIK)
a3 TBd=( THI*QH2-TH2*QH1) ~( QH2-QH1)
34 wiITE(6,3) TO1,TH2,QHI,QH2, TBH
33 3 FORMAT(' THI='F15.1,6X," TH2='F13.1,6X,"' QH1="F15.1,6X,' QH2="F18.
36 *1,6X," TBH='F15.1/)
ar CALL LIRT(6®.,CDEG,TBC,CDD, i6)
a8 CALL LIRT(43.,HDEG, TBH, HDD, 16)
a9 r TCT=QL{2/( TC2-TBC) *CDD
40 THT=QH2/( TBH-TH2) *HDD
41 WRITE(6,4) CDD,HDD,THT,TCT
:z 4 ;OEHAT: ' CbD="Fi5.1,6X," HDD="F15.1,6X," THT="F13.1,6X,"' TCT="
! *FI%. 1/
44 8 FOUMAT(/~18X,'THE ANNUAL HEATING AND COOLING REQUIREMER:' ANALYSIS
43 *CAlL.CULATED BY THE VARIABLE DEGREE-DAY METHOD'-51X,'TBC: BALANCE PO
46 *INT FOR COOLING' 51X, 'TBH: BALANCE POINT FOR HEATING'/)
47 RETURN
48 END




QSOBOSXCONSP6( 1) . LINT(3)

1 SUBROUTINE LINT(X,Y, XX, YY.N}
2 c THIS ROUTINE DOES THE LINEAR INTERPOLATION BETWEEN TWO CONBECUTIVE POIRTS.
3 DIMENSION Y(M)
4 Xi=X
3 XN=X+(R-1)
6 IF(XX.CE.X1.AND.XX.LE.XN) CO TO 6
¥ IF(XX.CT.XN) CO TO 7
8 Z2(X1-300 /(X141 .~XR)
9 YY=(ZXY(2)~Y( 1)) /(Z-1.) @ ALSO WORKS FOR EXTRAPOLATION
10 GO TO 5
11 T Z=(XH-X) /(O NX-XN+1.)
12 YY2(Y(R) -Y(N-1)3Z) /(1.-7)
13 CO TO 5
14 D0 4 I=1,N
18 XizX+( [~1)
16 2=X+1
17 IF(XX.NE.X1) GO TO 1
18 YY=Y( 1)
19 CO TO B
20 I IF(XX.RE.X2) CO TO 2
21 YY=Y( [+1)
22 CO TO 3
23 2 IF(XX.LT.X1.0R.XX.CT.X2) €O TO 4
24 ZI=(XX~-X1) Z/(X2-X1)
25 Z2=Y( [+1)-¥( [)

“;‘ 26 YY=Y( 1) +Z1372

| 27 GO TO 5
' 28 4 CORTINUE
N 29 5 RETURN
N 3 END
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Q3Q8Q8xCONSP6( 1) . NAXC 1)

DIMENSION A(N)
€ INITIALIZE AMAX TO FI
DO 3 M=} N

3 CONTINUE
2 AMAX=A(MD
INAN=M

DO t I=H. N

AMAX=AL D)
IMAX=1

1 CORTINUE
RETURN

END

e e e
.ﬂ*ﬁnn..ﬂﬂaﬂﬁﬁ'ﬂém

o

N ey g

SUBROUTINE MAX(A,AMAX, THAX, )

RST NON-ZERO VALUE AND IMAX TO IT8 SUBSCRIPT

IFCA(M .RE.0.; €O TO 2

IFCACI).EQ.0.) GO TO 1|
IFCACEH .LE.AMAYD €O TO 1§

.
L

R
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'
QSCS08%CONSPe{ 1) . HMINC 1)

1 SUBROUTINE MINCA,AMIN, ININ,X)
2 DIMENSION ACN)
3 C INITIALIZE ANIR TO FIRST NOR-ZERO VALUE ARD IMIN TO ITS SUBSCRIPT
4 DO 3 M=1,N
s IFCACD .NE.8.) CO TO 2
6 3 CONTINUE
7 2 AMIN=ACD
8 ININ=N
9 DO | 1aN,N
10 . . IF(AC1).EQ.8.) TO TO 1
11 , IF(ACT) .CE.ANIN) €O TO 1
12 AMIN=AC 1)
13 , IMIN=[
14 1 CONTINUE
15 | RETURN
16 | ERD
|

@PACK,P CONSP6. | !
END PREP. QSQSCS*CONSP6(1) 39 REL 39 ENTRY PT(S)_ KO DUP(S)
END PACK. TEXT=25,TOC=2,SYN=40, REL=39

@MAP, IN .
MAP 30R1 ST4TI1 06-/02-/89 14:00:26

ﬂlm HAP. ERRORS: @ TIME: 10.556 STORAGE: 17792/5/036777/073777

i'jlxm'



G 9

1 9600.600
11 72.200
21  78.700
31 78.000
41  65.000
31 1.000
61 6.000
7120234.000
81 .000
91 90.000

181  70.000

111 .900

121-9999 . 800
131 240.000
141 . 900
151 .900
161-9599. 008
171 64.000
181  .800
191 3508.500

201 20.000

211 .506

221 1712.200
231-9999.000

241 20.000
231 20.000
261 60.000
27 735.000
231 31.000
2%1 .900
301 . 000
311 . 080
321 . 090
331 .000

2 .50e
12 60.900
22 77.100
a2 78.000
42 63.000
52-9999.000
62 B.200
72 33.100
az 72.000
92 . 750

182 76.000
112-9999. 000

122-9999.000

132
142
152
162
172
182
192
202
212
222
232
242
2352
262
272
282
292
302
312
322
332

1.000
. 100
.200
. 100

66.000
. 000
1200.000

1.060

464

1446. 100
2.100
20.000
20.000
20.000
79.000
52.000
490

. 000
.923
1.460
1.460

WINDOW HEAT CAIN ROUTINE
SOLAR ENERGY UTILIZATION ROUTINE COMPLETED
IRFILTRATION HEAT GAIN ROUTINE COMPLETED
WALL HEAT CAIN ROUTINE COMPLETED
DOOR HEAT C.'N ROUTINE COMPLETED
CEILIRG HEAT GAIN ROUTINE COMPLETED

WIDTH LENGTH ARLA PERIM F
30.0 1200.0

3 38.400
13 30.200
23 76.600
33 78.000
43 768.000
53-9999.000
63 8.300
73 .800
83 .800
93 1.000
163 70.000

113-9999. 000
123-9999.000

133 19.000
143 240.000
153 .623
163 75.000
173 67.000
183 . 000
193 1200.000
203 0500.000
213 . 460
223 1083.400

233-9999.000
243 20.000
253 20.000
263 20.000
273 80.000
283 52.000
293 20.000
3e3 - 000
313 . 9800
323 .400
333 . 000
COMPLETED

CITY NAME :
HOUSE NAME:

4 39.600
14 46.200
24 59.800
34 78.600
44 78.000
54 9.900
64 9.200
74 1.130
84 1.130
94 706.000

104 76.000
114-9999.000
124 . 100
134 . 000
144 1.000
154 1.000
164 6.000
i74 68.000
184 . 000
194 1.000

204 500.000
214 632.400
224 763.500
234-9999.000

244 20.0600
254 20.000
264 20.000
274 79.000
284 54.000
294-9999.000

304-9999.000
314 . 000
324 .570
334 4.100

WASHINGTOR DC
HASTIRGS HOUSE

INPUT DATA LISTIKG

3 48. 100
is 35.600
23 48.000
35 78.000
45 78.000
33 10.400
63 9.400
75 . 000
as .000
93 76.000

103 70.000

115-9999.000

123 244.900
135 .900
145 . 000
153 1.000
1635 9.000
175 67.000
185 . 000
195 3.000
205 1.000

213 901.500
225 594.100
2335-9999.000

243 20.000
233 20.000
265 69.000
275 73.000
283 35.000
293 . 000
303 . 008
315 62.000
325 . 000
335 10.000

6 87.506
16 37.300
26 37.400
36 70.000
46 78.000
56 10.900
66-9999.000
76 270.000
86 90.000
96 70.000

106 . 000
116-9999.000
126 1.000
136 . 100
146 . 800
156-9999.000
166 1.000
176 66.000
186 1.790
196 . 164
206 .516
216 1235.000
226 . 670
236-9999.600
246 60.009
256 20.000
266 67.000
276 71.000
286 31.000
296 . 000
3es .090
316 41.000
326 1.460
336 .600

7 67.700
17 45. 100
27 70.000
37 70.000
47 78.000
37 10.300
67-9999.000
77 . 000
a7 .85
97 70.000

167 . 000
117-9999 . 000
127 10.000
137 248.000
147 80.000
157 37.Co0
167 1.000
127 63.000
187 3.000
197 .000
207 .353
217 1600.400

227-9999.000
237-9999.000

247 66.000
257 20.000
267 68.000
277 £4.000
287 52.000
297 . 000
307 <460
317 140.600
327 100.000
3C764000.000

CALCULATION OF U VALUE FOR GCROUND WITH FILM RESISTANCE ABOVE
CALC. FROM TEMPERATURE INPUT (

140.0

G

12 16

SLAB ON GRADE ROUTIRZ COMP'.ETED
CRAWL SPACE ROUTINE (.OMPLETED

FLOOR HEAT CAIN ROUT.NE COMPLETED
INTERRAL HEAT CAIN LOUTINE COMPLETED

EDGE DIST.
1.00

1.000

LAMBDA FILM R

10.00

U
. 047

11. 146

8 76.200
18 36. 400
28 70.000
38 70.e000
48 65.009
38 9.200
68 186.000
78 .900
88 . 060
98 76.000

108 1.000
118-9999. 600
128 . 000
138 1.000
148 690.000
138 3.000
168 140.000
178 64.000
188 116.400
198 1.000
2e8 .524

218 1846.800
228-9999. 000
238-9999.C00

248 698.000
238 60.900
268 68.000
278 32.000
288 87.000
298 .000
3es8 . 000
318 176.009
328 .470

"R=1/U-FILM NI L-LAMBDAxR
11. 146 .

9 79.9680
19 66.200
29 70.0600
39 63.000
49 63.000
39 8.700
69 38.3500
79 . 100
B89 . 100
99 78.0800

189 16.006
119-9999 000
129 . 900
139 18.000
149 . 000
139 030
169 66.600
179 62.000
189 260.400
199 . 100
209 .316

219 2080.800
229-9999.0€0

2309-9999.000
249 60.0020
259 60.000
269 72.000
279 49.000
289-9999.09%0

299-9999, 000
509 1.000
319 100.00€0
329 000

19 77.9%0
20 74.600
30 70.000
40 65.090
50 63.060
60 8.100
70 . 200
8o .0e0
90 .8ec
160 70.000
110 .900
120-9999. 360
130 . 160
140 . 000
1590 . 009
160 . 40¢
170 62.000
180 61.600
190 B46.000
209 . 000
210 .320

220 1929.960
236-9999.080

240 2.000
230 20.000
260 60.000
27¢ 75.000
280 47.000
290 . 000
309 . 600
310 490.900
329 .370
330 1.4¢€0

CALC. FROM HEAT FLOW INPUT

J

040 14.717

R=1/0-FILM N

L=LAMBDA»
14.713



QwN
Qvd
UDN
QcD
QCcR
acD
QCN
QFD -
QFN
QRD
QRN
SCD
ZX
ZX
DHCD
DHWU
PUH

J

70.00
€3.00
32.40
32.80
9.747
14.25
832.0
200.4
386.5
200.4
200.4
290.4
386.3
200.4
-. 1678+03
-.23500+03
-.,2328+63
-.4463+083
-2724.
-4498.
-.1218+035
-.2383+05
6141.
-.6591+03
=1113.
1115.
. 2479+03
.3926+05
.5791+83
545.2
545.2
3.381
. 0000
2.000

PULDWR .e000
PICKUP ~.4313+03 -.4247+083 .0060

CLD
CLN
HLD
HLN

QTD
QTN

.8000
. 0000

. |
70.00 70.00
63.00 65.00
39.60 48.10
3%5.89 42.10
10.86 12.04
13. 14 11.96
900.1 897.6
280.7 a72.7
533.1 706.3
280.7 372.7
280.7 372.7
280.7 372.7
333.1 706.3
280.7 372.7

=.1790+03 -.1323+03
-.2138+635 -.1373+63
-.2390+03 —.1389+03
~.3835+85 -.2666+03
-2823. -1926.
-3863. -2683.
=.1172+83 -4984.
~.2055+03 —-. 1463+05
8458. .2141+03
-.5662+@03 —-.3935+85
=1145. =1156.
1145. 1156.
.2762+85 .3061+05
.3620+03 .3296+03
.6422+05 .6813+03
544.9 540.9
344.9 540.9
3.654 11.96
. 0090 12.04
2.000 2.000
. 0000 . 0000
-6006 . 0000
. 6000 . 0000

=.1642+03 -.1421+03 .0000
=.1225+06 -.1726+06 .0000

=.2513+03 —-.2142+05

. 1683+03

A

70.00
65.00
57.50
35.30
13.31
10.69
780.1
466.2
868.4
466.2
479.3
466.2
B68.4
466.2
~-7072.
-4410.
-3083.
-.1009+83
-7684.3
-1017.
2363.
-6040.
.3359+85
=.1490+93
=-1142.
1142,
-3384+03
.2946+03
-6606+83
§32.2
533.2
14.87
13.31
2.000
. 0000
. 0000
.0600
.9200
. 0000
2284.

.5764+03

' =.1235+06 -.1034+65 —-.6296+05 -5854.

HEAT LOSS & HEAT GAIN ROUTINE COMPLETED

M J J A 8 0 N
78.090 78.00 78.89 78.00 78.00 70.00 70.00
78.00 78.00 78.00 7i.00 78.00 65.00 63.00
67.70 76.20 79.9@ 77.90 72.20 60.90 36.20
64.70 73.00 77.30 76.30 69.€0 538.70 45 .80
14.306 14.72 14.33 13.32 12.07 19.82 9.733
9.699 9.273 9.£79 1£.68 11.93 13.18 14.27
686.9 672.2 698.8 822.2 1842, 1150. 1107.
822.9 547.6 325.1 469.2 384.3 293.6 213.7
95.3.2 1033. 991.1 913.7 799.9 630.8 466.2
5z 347.6 325.1 46%.2 385.3 293.6 213.7
$78.3 642.3 584.7 4B2.5 384.3 293.6 212.7
522.9 347.6 323.1 469.2 334.3 293.6 213.7
958.2 1853. 991.1 913.7 799.9 630.8 466.2
522.9 347.6 525.1 469.2 G34.3 293.6 213.7

-6617. -922.9 a8v5.8 -38.36 -2554. -3661. =-B794.
-5269. -1613. -135.6 -524.8 =3920. -3083. -.12350+0%
~436.6 . 1609+03 .2047+083 .1698+03 6-447. 2294. ~BB36.
~.1233+03 -4512. -470.6 =-1767. -. 1043+03 -2a76, -.2665+03
-423.4 1157. 1356. 1851. -E. 002 7.5 ~-1512.
-1264. -454.3 -47.40 -177.9 -1033. .3.5 -2683.
4958. .1615+08 . 1749+83 . 1420+D3 6067. 2109. -4830.
-7219. -3252. -1221. -1937. -6323. -5207. -.1487+03
-3594+€3 .5431+03 .6135+03 .5951+85 .56B9+03 .3473+03 .3600+03
=. 18534085 -6661. -694.6 ~2608. ~.15343+0% -.1192+635 -.3934+03
-.5255-83 -.5410-83 .0600 -.4894-03 -.4433-03 -1145. =1113.
-.3564-03 -.3408-03 .0000 -.3924-03 -.4383-03 1145. 1115.
-3637+05 .3744+03 .3643+03 .3387+93 ,01068+05 .2753+05 2475405
-2672+85 .2533+03 .2663+63 .2942+05 ,.0288+93 .3630+03 .3930+05
.6306+83 .6703+03 .66082+03 .6B863+03 .7693+03 .7917+065 .7319+03
531.6 525.5 322.9 519.6 52v.2 527.9 536.3
331.6 525.5 §22.9 319.6 327.2 527.9 336.3
.0000 . 0000 . 0000 . 0000 .0000 . 0000 14.27
. 0000 . 6000 . 0000 . 0000 . 0000 B.404 9.733
2.600 2.000 2.000 2.000 2.000 2.000 2.900
.0000 . 0000 . 0000 . 0000 .6000 2177405 .0000
. 0000 . 0000 . 0000 . 8000 .6coe - 0090 . 6000
.6989+03 . 1244+06 .1382+086 .1256+06 .9753+03 ,1820+03 .00060
. 0000 9038. -2406+03 .2236+05 .0000 -3061+03 .0090
. 0600 .9000 . 0000 . 0000 . 0000 L9800 . €060
-.1811+03 .0000 . 0000 .e00e0 -4293, L0500 -€oeo
.6989+03 . 1244+06 . 1382+06 .1256+06 .9733+05 .B141+03
~-.1811+05 9058. . 2406+05 .2236+05 -42935, a3138.

ARNUAL SUMMARY

D

706.00
63.00
40.29
34.60
9.275
14.72
948.7
179.1
372.
179.
179.
179.
372.
179. 1
-.1452+03
-.2352+83
-.2002+05
-.4555+e3
-2445.
-4387.
-.1079+85
-.2332+05
. 1471+063
-.6429+05
-1096.
1096.
.2359+05
.4057+05
.6254+85
543.3
543.3
3.603
. G000
2.6e0
.C000
-.4262+065
. 0000
.20
-6473.
~.1835+06

- et

-3566+85 -.1059+0C3

-.5838+05 -.1174+06

RLEG .2655+03 .2714+03 .30539+03 .3779+05 .4413+05 ~.1221-03 .1059+03 -.1221-03 ~.1221-03 .4343+05 .3423+05 .2762+65
COMPLETED
CGMPLETED
COMPLETED
COMPLETED
HEATING & COOLING REQUIRCMENT ROUTINE COMPLETED
ENERCY REQUIREMENT ROUTINE COMPLETED

CSDUPI
ASDUPI
BMDUP1I
0SDUPI



ARNUAL SUMMARY

J F H A . | J J A 8 0 N
HREQ ~-.6218+07 -.4919+87 .0060 .8000 . 0900 . 0008 . 0000 . 0000 . 89000 -0C20 . 0000
CREQ . 9000 . 0000 -0380 . 0000 .8900 . 4403+87 .5B893+07 .35045+07 .3218+87 .0500 . 9900
23.00 THT= -.1673822+68 TCT= . 1856163+00
] SHBTU = -.3993+88 BSCBTU = .86839+07
SHBTU = =-59929121. SCBTU = B8838883.
TBTU= 68768004.

THE ARNUAL HEATIRG AND COOLINC REQUIREMENT ARALYSIS CALCULATED BY THE VARIABLE DECREE-DAY METHOD

TBGC: BALARCE POINT FOR COOLING
TBH: BALANCE POINT FOR HEATING

TCi= 70.6 TC2= 78.7 aCi= 107282.7 Qc2s= 190112.0 TBC=
THI= 37.3 TH2= 35.6 QH1= -175663.6 QH2= -200496. 4 TBH=
CDD=> 2232.9 HDD= 1341.0 THT= -193588311.0 TCT= 22832792.9
ANNUAL HFAT LOSS THROUGH NON-ADDITIONAL JACKET INSULATION OF HOT WATER TANK : -.6155+07

19 ANRUAL HEAT !.06SS THROUCH ADDITIONAL JACKET INSULATION OF HOT WATER TANK : -.6133+07
'ANRUAL ENERCY SAVIRG BY ADDITIONAL INSULATION OF HOT WATER TARK :- .0009

N ANRUAL HOT WATER REQUIRCMERT.INCLUDING JACKET HEAT LOSS : -~.2341+88
o] ANRUAL HOT WATER REQUIRUMERY,EXCLUDING JACKET HEAT LOSS : =-,1726+08
ARNUAL HEAT CAIN THROUCH DUCTS & PIPES FOR SPACE COOLING :  .0090
ANNUAL HEAT LOSS THROUGH DUCTS . FIPES FOR SPACE HEATING : .000@

@BRKPT PRINTS

D

=.5604+07
-0¢00

Go.1
49.3



APPENDIX D

ELEMENTS OF DATA STATEMENT IN MAIN PROGRAM

Number*  Vuriable Type Comments Units Meaning
B(1) v F fe3 Volume (L*W*H) of Heated Living
Area

B(2) ACRM F Tight = .5 AC/hr Standard Alr leakage Data

Average = 1.0

Leaky = 1.5

Very Leaky = 2.0
B(3-14) TOD(X) F(12) deg F Daytime Outdoor Temperature (Month)
B(15-26) TOT(X) F(12) deg F Daily Temperature (Month)
B(27-38) TID(X) F(12) deg F Daytime Indoor Temperature (Month)
B(39-50) TIN(X) F(12) deg F Nighttime Indoor Temperature (Month)
B(51) LIACNV I O«Never open windows

1-Open windows in summer
when temp. < thermostat

setting
Default = 0
B(52) X1 F Unused
B(53) X2 F Unused
B(54=65) WS(X) F(12) mph Wind Speed
B(66) X3 F Unused
B(67) X4 F Unused
B(68) ORTI F 0.0 = 359.0 deg Orientation from south of window/
wall/door No. I
B(69) XLAT F deg Latituda (North)

%* Numbetr shows position of element a% data gtatement in main program.

B=1
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Number Variable Type Comments Units Meaning
B(70) RFO F 0.2 = Dark —— Ground Surface Reflectance
0.4 = Medium
0.6 = Light
B(71) ZIP 1 Zip Code
B(72) AG1 F fe2 Window 1 Area
B(73) SCl1 F Default = 0.55 1f —-— Window 1 Shading Coefficient
Shades Else 0
B(74) UGl F 1.13 = Single Glaze Btuh” Window 1 U Value
0.55 = Double Glaze
Default = 1.13
B(75) SHADW1 F 1.0 = All Shadow —— Window 1 Shadow
0.5 = Part Shadow
0.0 = No Shadow
Default = 0.0
B(76) ORT2 F 0.0 - 359.0 deg Orientation from South of Window/
Wall/Door No. 2
B(77) AG2 F £e2 Window 2 Area
B(79) sc2 F Default = 0.55 1if —_— window 2 shading coefficient
Shadesa Else 0
B(79) UG2 F 1.13 = Single Glaze Btuh Window 2 U value
0.55 = Double Glaze
Default = 1.13
B(80) SHADW2 F 1.0 = All Shadow _— Window 2 Shadow
0.5 = Part Shadow
0.0 = No Shadow
Default = 0.0
B(81) ORT3 F 0.0 - 359.0 deg Orientation from South of Window/
Walli/Door No. 3
B(82) AG3 F £i2 Window 3 Area
B(83) sC3 F Defanlt = 0.55 1f o Window 3 Shading Coefficient
Shades Else 0
B(84) UGE F 1.13 = Single Glaze Btuh Window 3 U Value

0.55 = Double Glaze
Default = 1.13

* Btuh ~ Btu/hr ft2 P

all the U valuecs hereafter will be expressed in this unit

i e o Lk 2 e et .

D-2



Number Variable Ty pe Comments Units Meaning
B(83) SHADW3 F 1.0 = All Shadow ———— Window 3 Shadow
0.5 = Part Shadow
0.0 = No Shadow
Default = 0.0
B(86) ORT4 F 0.0 - 359.0 deg Orientation from South of Window/
Wall/Door No. 4
B(87) AG4 F 0.0 = 359.0 £e? Window 4 Area
B(88) SC4 F Default = 0.55 If — Window 4 Shading Coefficient
Stades Else 0
B(89) UG4 F 1.13 = Single Glaze Btuh Window 4 U Value
0.55 = Double Glaze
Default = 1,13
B(90) SHDW4 F 1.0 = A1l Shadow —— Window 4 Shadow
0.5 = Part Shadow
0.0 = No Shadow
Default = 0.0
B(91) WTILTL F Default = 50.0 deg from Solar Collector Tilt Angle
horiz
B(92) SA F High Performance = 0.8 sty Solar Collector Efficiency (Y Axis)
Medium Performance = 0.75 (Absorption Factor From Class)
Low Performance = 0.7
Default = 0.7
B(93) SB F High Performance = 1.2 - Solar Collector Efficiency (X Axis)
Medium Performance = 1.0 (Water Temp = Outdoor Temp)/Solar
Low Performance = 0.8 Radiation
Default = 0.8
B(94-105) TE(X) F(12) Default = 70.0 deg F Inlet Fluid Temperature to Solar
Collector (lonth)
B(136) SUF F Default = 1.0 -— Sollar Collector Utilization
B(107) AS F Default = 0.0 £e? Solar Collector Area
= 0 to Signal No Sollar Collector
B(108) X5 F - Default = 1.0 ft Roof overhang projection over
wall 1
B(109) X6 F Default = 10.0 ft Height of wall 1
B(110) WALL1% F Much = 1.0 -— Wall 1 Shadow Factor
Part = 0.5
None = 0.0

Default = 0.0

D=3



Number Variable Type Comments Units Meaning
B(11) WALL14 F Dark = 0.95 -— Wall 1 Surface Absorptivity
Medium = 0.7
Light = 0.4
) Default = 0.4
B(112-122) X7 F(12) Unused
B(124) WALL1S5 F Wood Insulated = 0.07 Btuh Wall 1 U Value
Wood Uninsulated=0.23 U of Mobile Home = U of Wood
Masonry Insulated=0.13 Insulated Home
Masonry Uninsulated=0.29
B(125) WALL16 F
ftz Wall 1 Area
Excludes Windows and Doors
0 if Attached
Includes Above-Ground Basement
Wall Area
B(126) X8 F Default = 1.0 ft Roof overhang projection over
wall 2
B(127) X9 F Default = 10.0 fr Height of wall 2
B(128) WALL 23 F Much = 1.0 - Wall 2 Shadow Factor
Part = 0.5
None = 0.0
Default = 0.0
B(129) WALL 24 F Dark = 0.95 -— Wall 2 Surface Absorptivity
Mediuz = 0.7
Light = 0.4
Default = 0.4
B(130) WALL 25 F Wood Insulated=0.07 Btuh Wall 2 U Value
Wood Uninsulated=0.23 U of Mobile Home = U of Wood
Masonry Insulated=0.13 Insulated Home
Masonry Uninsulated=0.29
B(131) WALL 26 F £e2 Wall 2 Area
Excludes Windows and Doors
0 if attached
Includes Above~Ground Basement
Wall Area
B(132) X10 F Default = 1.0 ft Roof overk-ng projection over
wall 3
B(133) X11 F Defaulz = 10.0 ft Height of wall 3



Number Variable
B(134) WALL 33
B(135) WALL 34
B(136) WALL 35
B(137) WALL 36
B(138) X12
B(139) X13
B(140) WALL 43
B(141) WALL 44
B(142) WALL 45
B(144) SOGFRC

Type

Comments Units Meaning
Much = 1.0 —— Wall 3 Shadow Factor
Part = 0.5
None = 0.0
Default = 0.0
Dark = 0.95 —— Wall 3 Surface Absorptivity
Medium = 0.7
Light = 0.4
Default = 0.4
Wood Insulated=0.07 Btuh Wall 3 U Value
Wood Uninsulated=0.23 U of 4dobile Home = Il of Wood
Masonry Insulated=0.13 Inaulated Home
Masonry Uninsulated=0.29
fe2 Wall 3 Area
Exclud .a Windows and Doors
0 if Attached
Includes Above~Ground Basement
Wall Area
Default = 1.0 fe Roef overhang projection over
wall 4
Default = 10.0 ft Height of wall 4
Much = 1.0 _— Wall 4 Shadow Factor
Part = 0.5
None = 0.0
Default = 0.0
Dark = 0.95 o Wall 4 Surface Absorptivity
Medium = 0.7
Light = 0.4
Default = 0.4
Wood Insulated=0.07 Btuh Wall 4 U Value

Wood uninsulated=0.23
Masonry Insulated=0.13
Masonry Uninsulated=0.29

0.0-1.0 (SUM B (144-146) =——
= 1)

D=3

U of Mobile Home = U of Wood
Insulated Home

Fractian of Floor Which is SOG



Number Variable Ty pe Comments Units Meaning

B(145) CRWFRC F 0.0-1.0 (SUM B(144-146) e Fraction of Floor Which is
= 1) Crawl Space

B(146) BSMFRC F 0.0-1.0 (SUM B(144-146) — Fraction of Floor Which is
=1) Basement

B(147-148) Xl4 F(2) Unused

B(149) ROOF4 F Default = 0.0 fr? Non-Attic Roof Area

( ANATT) (AFLOOR - ATFLR)
B(150) ROOF1 F Default = 0.0 ——— Roof Shadow Factor

1.0 = All Shadow
0.5 = Part Shadow
0.0 = No Shadow

B(151) ROOF2 F Default = 0.9 — Noof Absorptivity

Dark = 0.95

Medium = 0.7

Light = 0.4
B(152) ROOF3 F Default = 0.2 Btuh Roof U Value

0.55 With Vented or

No Attic

0.2 With Unvented Attic
B(153) AEWH F Default = 4.0 fr 4Lttie End Wall Height
B(154) SOLYW 1 N = Not Used for Hot -— Use of Solar Collector for Hot

Water Water Heating

1 = Is Used

B(155) SOLSH 1 0 = Not Used for Hot -— Use of Solar Collector for
Heating Space leating

l = Is Used
B(156) Xx23 I Unused
B(157) AW F £e? At:ic End Wall Area
B(158) ACAT F 20.0 = Attic Fan AC/hr Alr Chang> per Hour

6.0 = Soffit Vent and
Ridge Vent

3.0 = Cable Vent
0.C = No vent
Default = 3.0

B(159) UCEIL F Defauvlt = Q.1 Btuh Ceiling U Value = Only When
There is an Attic




Humber  Variable Type Comments Units Meaning

B(160) AEW5 F Default = 0.25 Btuh Attic End Wall U Value
Same as Wall U B(124)
B(1l61) X15 F Unused
B(162) UFLRI F Default = 0,30 Btuh Floor U Value (Floor Above
Basement)
B(163) HWT F Default = 75.0 gal/day Hot Water Usage
B(164) NSTART 1 1-12 S First Month of Cooling
B(165) NLAST I 1-12 — Last Month of Cooling Season
RLIG6) INDEXES 1 Q-Attis iz Temn Cantrnlled i Attie Temperature Control Index
1-Attic Not Temp Controlled
= ] If There is an Attic
Else 0
B(167) INDEXC 1 0 = Basement Heated i Basement Temperature Control Index
1 = Basement Unheated
B(168) ZL F ft Exposed Perimeter Length of SUG
B(169-180) TG(X) F(12) deg F Ground Temperature (Month)
B(181) ACCsS F 0.0 = Unvented AC/hr Crawl Space Air Change/Hour
3.0 = Vented
B(182) UFLR2 F Default = 0.30 Btuh Crawl Space Floor U Value (Floor
Above Crawl Space)
B(183) ucLuw F Default = 0.25 Btuh Crawl Space Wall U Value
B(184) HCL F ft Crawl Space Height
B(1393) AUCL F ftz Crawl Space Wall Area
B(186) NPD 1 Default = 3 —_— Daytime Occupancy
B(187) NPN 1 Default = 3 _— Nightime Occupancy
B(188) WTD ¥ Default = 0.097 * g2 watt Average Daytime Lighting
B(189) WIN F Default = 0.217 # g2 watt Average Nighttime Lighting

D-7




Numbyr Variable Ty pe Comments Units Meaning

K(190) WED F Dafault = 0.705 # (;2 watt Average Daytime Electric Equipment
For Gas Appliance, Use Electric
Equivalent Value

. B(19D) WEN F Default = 0.424 # p.2 vate Average Nightt .= Electric
Equipment For Gas Appliance, Use
Electric Equivalent Velue

BR(192) FLOORA F Defaul: = 1200.0 fe2 Floor Area (Flat Projection "
of House)

B(193) ATFLR ¥ Default = 1200.0 fe? Area of Attic Floor

B(194) UswW F Defgult = 1.0 Btuh Basement Wall Heat Conductance

B(195) 15YS 1 1 = Heat, Mo Cool — System Index

2 = Cool, No Heat
3 = Heat + Cool

B(196) UFW F Dafault = 0.164 Btuh Ground Heat Conductance for Wall
B(197) BWA F fe? Basement Wall Area
B(198) UBF r Default = 1.0 Btuh Basement Floor Heat Conductance
B(199) UFF P Default = 0.1 Btuh Ground Heat Conductance for Floor
B(200) QBHG F Default = 0.0 Bruh Basement Heat Gain Froam Furnace
and Other Equipment
8(201) THTC F Table on page E-2 hr Thermal Time Constant
Default = 15.0
B(202) 2KS r Dafault = 1.0 Btuh-fe Cround Thermal Conductivity
B(203) DX F Default = 500 fe Side Distance from Adjacent House
8(204) DY F Dafault = 500 fe Front toBack Distance from Adjacent House
8(205) E 14 Default = 0.3 ft Wall Thickness
B(206-211) unused
B(214-225)  H(X) r(12) ltuldlya"!tz Total Horizontal Solar
Insolation (Month)
B(226) EH r Value = P(Fuel EFF, Mod — Heating Efficlency
Factor) :
B(227-231) X(16) F(3) Unused
D~-8
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Number Varisble Type Comments Units Meaning
B(232) EC F Value = F(Fuel EFF, Mod -— Cooling Efficiency

Factor)
B(233-239) X(17) F(7) Unused
B(240) X(18) F Unused
B(241-252) RH(1,X) Default Summer = 50.0 5:::!:"I Indoor Daytime Rel Humid (Month)

WIN = 20.0 If No

Humidifier
F(2,12) WIN = 35.0 if +
Humidifier
B(253-264) RH(2,X) Same pct Indoor Nighttime Rel Humid (Month)
B{265-27¢) Rikd {X) F{i2) pci Ouitdoor Forning Rel ilumid {FHoaih})
B(277-288) RHA (X) F(12) pet Qutdoor Afternoon Rel Humid (Month)
B(289) X(19) F Unused
B(290) DOOR13 F Same as Wall Shadow S Door 1 Shadow
B(291) DOOR14 F Same as Wall Absorptivity ~—- Door 1 Absorptivity
B(292) DOOR15 F Defaulr = 0.5 Btuh Door 1 U Value
B(294) X20 F Unused
B(295) DOOR23 F Same as Wall Shadow e Door 2 Shadow
B(296) DOOR24 F Same as Wall Abeorptivity -— Door 2 Absorptivity
B(297) DocR25 P Default = 0.3 Btuh  Door 2 U Value
(298) DOOR26  F fe? Door 2 Area
Excludes Sliding Class Doors

B(299) X21 F Unused
B(300) DOOR33 ¥ Same as Wall Shadow -— Door 3 Shadow
B(301) DOOR34 F Same as Wall Absorptivity -— Door 3 Absorptivity
B(302) DOOR3S F Defaulet = 0.5 Btuh Door 3 U Value
B(303) DOOR36  F f£e2 Door 3 Area

* pct = percent

D-9
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Number Variable Type Comments Units Meaning
B(304) X22 P Unused
B(305) DOOR43 F Same as Wall Shadow - Door 4 Shadow
"B(306) DOOR44 F Same as Wall Absorptivity =-—- Door 4 Absorptivity
- B'(30?) DOCR4 S5 F Default = 0.5 Btuh Door 4 U Value
B(308) DOOR4S F fl:2 Door & Area
Excludes Sliding Glass Doors
B(309) ICHECK r Default = 0.0 _— = 1 To Get Debug Output From
Thermodynamic Model
B(310) AJArC 4 Default = 40 ttz Total Jacket Area
B(311) D1 F Default = 0.08 ft Thickness of Existing Insulation
B(312) RAML F Default = 0.025 Btuh-ft Thermal Conductivity of the
Above
B(313) D2 F ft Thickness of Additional Insulation
B(314) RAM2 F Default = 0.025 Btuh-ft Thermal Conductivity of the
Above
B(315) TCSUPA F Default = 62 deg ¥ Supply Cold Alr Temy.
B(316) TCSUPW 4 Default = 41.0 deg ¥ Supply Chilled Water Temp.
B(317) THSUPA 4 Default = 95.0 deg F Supply Hot Air Temp.
B(318) THSUPW 4 Default = 113.0 deg F Supply Hot Water Temp.
for Heat Pump
Default = 176.0 deg F
for Boiler
B(319) ADUCT1 4 Default = 104 re? Surface Area of Duct in the
Crawl Space
B(320) UDUCT1 4 Default = Btuh U Value of Duct in the
1.46 If Not Insulated Crawl Space
0.15 If Insulated
D~-10




Number Variable Type Commenta Units Meaning
B(321)  APIPEl F Default = 1.5 £e2 Surface Area of Pipe in Crawl Space
B(322) UPIPEL F Default = Btuh U Value of Pipe in Crawl Space
1.46 1f Not Insulated
0.15 If Insulated
B(323) ADUCT2 D fe? Surface Area of Duct in Attic
B(324) upucT2 F Btuh U Value of Duct in Attic
ftz Surface Area of Pipe in Attic
B(326) UPIPE2 F Bruh, U Value of Duct im Actic
B(327)  ADUCTI ¥ fe? Surface Area of Duct Ln Basement
B(328) UDUCT] F Btuh U Value of Duct in Basement
Same as tha Crawl
Space 2
B(329) APIPE3 4 ft Surface Arer of Pipe in Basement
B(330) UPIPE] r Btuh U Value of Pipe in Basement
B(331) ADUCT4 F £e? Surface Area of Outdoor Duct
B(332) UDUCT4 14 Beuh U Value of Duct Outdoors
B(333)  APIPEG ¥ fe? Surface Area of Outdoor Pipe
4 UPIPES
B(334) r Btuh U Value of Pipe Outdoors
B(333) AIRLOS r Parcentage To Total pee Alr Leakage Through Duct
Alr Flow Rate;
Default = 10.0
B(336) CAPCL 4 Default = 24000 Btu/h Capacity of Cooling Equipment
B(337) CAPHT  J Default = 64000 Btu/h Capacity of Heating Equipment
R(1) SHBTU 1 4 Beu/yr Annual Hesting Energy Requirement
Aftar Using Energy From Solar
Collector
R{2) SCBTU F Beu/yr Annual Space Cooling Energy
Requirement
D-11
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APPENDIX 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 bullding 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 asczertain. The building mass 1s 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 based upon the following mathematical relationship.

When the heating system and all the heat sources in a house are suddenly
shut off during a steady cold night (outdoor temperature of To), its

temperature would decay from the initial setpoint of T1 according to
the following equation:

MC* ‘E‘E = -K* (T-To) E-(1)

where
MC = overall thermal mass, Btu/°F
K = overall heat transfer factor, Btu/hr, °F
H = hour

The thermal time constant, THTC, is defined as

THIC = g.‘?.. in the unit of hour

The differential equation E-(l) becomes then

dT dH ;
- h_
T-To THTC ' (2




which has a following solution:

H

TiﬂT
in (——__-—o-)
T To

THTC = E=(3)

Thu:. by measuring a logarithmic decay of the building temperature, from
initial value of T, to T during a time span of H hours, one can _eadily
calculate the value of the thermal time constant.

According to Nash's datazl, typical THTC for residences are:

Lighr Medium Heawy
Weight Weight Weipht
One=-story
house 10 15 20
Two-story
house 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* SL = - K* (T-To) + SPHG E=(4)

T = building temperature, °F

To = outdoor temperature, °F

MC = building therwal capacity, Btu/°F

K = overall heat transfer factor, Btu/hr °F

SPHG = total space heat gain due to internal heat,
heating syeteams, solar heat gain through windows,
and occupancy, Btu/hr

H = elapsed time, hour,

E-2




APPENDIX E

Therma)l 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 ¢ 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 1insulated
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 based upon the following mathematical relationship.

When the heating system and all the heat sources in a house are suddenly
shut off during a steady cold night (outdoor temperature of To), its

temperature would decay from the initial setpoint of T) according to
the following equation:

MC* %% = ~K* (T-To) E-(1)

vhere

MC = overall thermal mass, Btu/°F
K = overall heat transfer factor, Btu/hr, °F
H = hour

The thermal time constant, THTC, is defined as

THIC = %E, in the unit of hour

The differential equation E~(l) becomes then

dT dH :
- - E-(2
T-To THTC ' £

E-1




which has a following solution:

THTC = —H E=-(3)
T -T
i o

bn (=i
T,

Thu:. by measuring a logarithmic decay of the building temperature, from
iritial value of T, to T during a time span of H hours, one can _eadily
calculate the value of the thermal time constant.

According to Nash's dataZ/, typical THTC for residences are:

Light Medinm Heavy
Weight Weight Weigat
One-story
house 10 15 20
Two=-story
house 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* % = - K% (T-To) + SPHG E=(4)
T = building temperature, °F
To = gutdoor temperature, °F
MC = building thermal capacity, Btu/°F
K = overall heat transfer factor, Btu/hr °F
SPHG = total space heat gain due to internal heat,
heating systems, solar heat gain through windows,
and occupancy, Btu/hr
H = elapsed time, hour,
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General colution to the above equation 1is

B
THTC
Q-Tl 4+ To
e i s
=4
where
Q = SPHC » heat source constant, °F

THIC = %E = thermal time constant, hr

T} = value of T wnen H = 0, °F.

Equation E-(5) permits, for example, the determination of the ducation,
DH, for which the house temperature reaches from the daytime set point
TID to the nighttime set point TIN, which is usually lower.

Since Q is very small during that period, referring to Figure E-(1l),

DH = THTC*gn [LiD-TON 3={6
0 [arN=ron! E18)

Likewise equation E-(5) may be used to determine the early moraing pick-
up heating load (or the early evening pull-down cooling load), MPUL, by
specifying the required temperature recovery time or pick-up time, PUH,
(or pull down time, PHD) as follows

-“{EE - TIN + TOD EU_;{_
- THIC E-(7)
MPUL _ T1p + TOD .

|
By rearranging the term, MPUL can be determined by
MPUL = K* [(TIN-TOD) + TID-TIN ]
~PUH/THTC

l-e

()

Another example of the use of THTC is to approximate the benefit of
excess solar heat gain during a sunny winter day to offset the heat
loss during the night.

The procedure used is first to determine 'the indoor temperature rise TK,

due to the excess heat gain, above the dlytime indoor temperature setpoint
TID by the following equation

=3
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where QTD is the excess daytime heat gain during hour from H; to h,,
which ie¢ the balance of heat gain above what is required to cancel
the envelope heat loss.

The equation E-(6) will now be used to determine the "olf" period of the
heating system except that TID in eguation (6) is now replaced by
the new starting temperature TID + TR.

A similar concept may he used to determine the effect of night heat loss
during the cooling season to offset the daytime cooling requirement as
follows:

The temperature drop of the room air from the set point of TIN during
the cool night due to the excess heat loss QIN is

.
THIC
™ = TN % (1-¢ ) E-(10)

K*12
where HN is the nighttime hours

The period when the air~conditioning system could be off due to this
night cooling is then

2T - TIN + TO + TOD
DH = THTC* tn (1nl2 ) E-(11)

QID_ _ 11p + TOD
K*12

provided that (TIN-TD) < TID.

Figure E-2 depicts indoor temperatures, cooling and heating periocds, and
other notations such as DH, PDH, PUH and TD in cooling season. Figure
E~-2(a) shows indoor temperatures and cooling period in a day when

QTD > 0 and QTN > 0. The daytime indoor temperature rises fcom TIN to
TID during early morning pickup hours, DH, while the cooling system is
turned off. After this period, the temperature is maintained at TID
during daytime, followed by a pull down to TID at the beginning of
nighttime for a pericd of PHD hours. The cooling system is, the.efore,
assumed to be running all day except for the period of DLH.

Figure E-2(b) shows the case of QTD > 0 and QTN > 0. In this case, the
nighttime indoor temperature decreases from TIN to TIN-TD according to
the nighttime heat losses, while the cooling system is turned on during
a period of PUH. Because of the night heat loss the indoor temperature

E-5
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is lower than TIN by TD at the beginning of daytime. Uuring an early
morning period of DH, the temperature naturally rises to TID because
of the daytime heat gaina. Consequently, the cooling system continues
to operate throughout the day except periods Dh and PDH.

There is a limitation on input of daytime and nighttime indoor tempera-
tures, TID and TIN, in that TID is always equal to or higher than TIN.
The reason of this limitation is to avoid algorithm_. 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 > O and QIN < 0. The daytime indoor temperature goes up to TID + TD
at the end of daytime because the cooling system is not running in spite
of QTD > O during the daytime. The nighttime indoor temperature goes
down from TID + TR to TIN during a period of PH because QIN £ U and the
hcaiing aysiem is fuimed off. After ihe tewperature reached to Tii, the
heating system is turned on.

Figure E~2(d) shows indoor temperatures and heating period in a day when
QTD € 0 and QTN < 0. The nighttime indoor temperature decreases to TIN
frow TID because of night setback. during a period of DH, the heating
system is turned off. PUH is pick-up time, during which the indoor
temperature goes up to TID from TIN because of the heating system.

If there is a case of QTD < O and QTN 2 0, it is neglected, meaning that
the heating and cnoling requirements should be equal to zero because the
cage should seldom occur in the cooling season.

The heating and cooling requirement are both set equal to zero during the
heating season when the daytime and nighttime heat balance, QTL and QIN,
are both positive. Likewise QTD and QIN are both set equal to zero during
the cooling season if QTD and QTN are both negative.

E=6
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