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DOE/NASA Technical Memorandum -

ASHMET - A COMPUTER CODE FOR ESTIMATING INSOLATION INCIDENT ON TILTED SURFACES
SUMMARY

A computer code has been developed to estimate the amount of solar insolation
indident on the surfaces of several types of collectors. Both tracking and
fixed position collectors have been included. Climatological data for 248 U.S.
locations are built into the code. This report describes the methodology of
the code, its input and output.

v

I. INTRODUCTION

In designing or analyzing a solar system, the principle question to be answered
is how much of the available solar energy can the system deliver to loads.

This fraction of available energy is dependent on several parameters: amount
of solar energy available, type of collectors used, efficiency of system heat
exchangers, system losses, etc. The primary driver is, of course, the solar
energy available (energy incident on the surface of the collector array) to -
the system. This report describes a computer code, ASHMET,; developed by MSFC
to analytically estimate the solar energy incident on the collector array sur-

Two versions of ASHMET exist. Both versions utilize the same basic methodology:
ASHRAE relationships [l] are used to obtain clear day total daily insolation
incident on the collector surface for a representative day (defined in ASHMET

as the 21st day of the month) of each month of the year; the clear day total
(direct + diffuse + reflected) daily insolation is then multiplied by a clear-
ness index to obtain the typical or average daily insolation. The clearness
index was derived from SOLMET measured insolation [2] and the ASHRAE clear day
insolation. 1In reference 2 average daily total insolation on a horizontal sur-
face for 248 U.S. locations are given for each of the 12 months of the year.
These data were divided by the ASHRAE clear day insolation at the same geograph-
ical location and the resulting tables built into ASHMET as clearness index.

The assumption is made here that the clearness index does not change with
collector tilt angle or azimuthal orientation.

Major differences between the two versions are in the procedures for breakout
of direct and diffuse insolation. Version I uses the ASHRAE relationships of
reference 1; Version II the correlation of Liu and Jordan [3]. Version II
resulted when comparisons of incident radiation to tilted surfaces obtained
using the ASHRAE relationships for separation of direct and diffuse components
to similar data obtained using the Liu and Jordan correlation indicated signi-
ficant differences in the two sets of data for some geozraphic locations.
Since, at present, insufficient data is available to verify either of the
methods, and since the Liu and Jordan procedure .is widely used in the solar /
industry, it was decided to add the Liu and Jordan methodology to ASHMET as

an option.



Both versions have the capabilities of calculating incident solar radiation
on the collector surface for six types of collectors:

(1) Fixed position flat plate collector - total insolation
(2) Monthly tilt adjusted flat plate collector - total insolation
(3) Beam tracking collector (sun tracker - direct insolation éﬁly) -

t
(4) Fixed azimuth tracker -~ direct insolation only (tracks in plane
of tilt, rotating about tilt axis)

.

(5) Fixed position flat plate collector - direct insolation
(6) Monthly tilt adjusted flat plate collector - direct insolation only.

In type (2) and (6) the monthly tilt angle adjustment is accomplished by
setting the tilt equal.to latitude minus declination using the declination
angle for the 21st day of the month. Additionally, Version II of ASHMET has
a type (7), which allows calculation of direct insolation to a collector
rotating about its east-west axis. The angle of rotation is chosen such that
the angle of incidence between the sun vector and the normal to the collector
surface is minimized. (NOTE: Type (4) of both can be used to obtain the same
results as type (7) of Version II with some judicious manipulation of input
data. However, for the casual user of ASHMET it was felt that a straight-
forward option for this specific type of collector would be less confusing.
Also, the methodology is greatly simplified, reducing computer time.)

The following two sections give the details of methodology used in ASHMET.
Input and output for the code are described in Appendix A and computer listings
of ASHMET I and ASIMET II in Appendix B.



II. "ASHMET I METHODOLOGY

A. Total Insolation to a Fixed Position Collector

Clear day hourly total insolation to a tllted surface are obtained from the
ASHRAE relationships [2]:

h _ (A)cost (A) (C) cos 6 1+cosS
TOTAL,CLRDAY = “Sgiils  * Bl ( 2 ) , (1)

+(Gormp) Eins+c) (o) (17522

Where: A, B, and C are monthly varying coefficients taken from Table 1 in
chapter 22 of reference 1.

0 is the angle of incidence the sun's rays form with the collector
surface (relative to the surface normal) defined by

cos § = cos S sin 8 + sin S cos v tan L sin 8 4 A2)

—sin S cos ¥ sin 8/cos L + sin S sin v cos & sinw.

B is the solar altitude (angle between direction of sun and local
horizontal) given by

sinB=cos L cosd cos w +sin L sin &

(3)

~ Diffuse Reflectance of Solar Radiation

~ Local Latitude

. Declination Angle

~ Slope of Collector Measured from Horlzontal

~ Hour Angle, Solar Noon Being Zero

~ Collector Surface Azimuth Angle (0-due south, minus -east, positive
-west) .

R egwnoHDO
¢

In equation (1) the first term on the right hand side represents the direct
insolation received, the second term the diffuse and the third the reflected

component. The declination angle, §, is obtained from a table [1] for the
21st day of each month. :

Using equation (1) hourly insolation distribution incident on the tilted
.surface is calculated for the 2lst day of each month of the year and summed

for the day:
S.S. HOUR 6 P.M. ,
. HTOTAL,CLRDAY= / (hTOTAL, CLRDAY) dt~ S b TOTAL,CLRDAY (4}
| t=S.R.HOUR - 6AM. |



The clear day daily total is then multiplied by a clearness index to obtain a
typical day's insolation for each month. The clearness index was derived from
the SOLMET insolation data (to a horizontal surface) of reference 2: mean
SOIMET daily horizontal total insolation for each month of the year was divided
by the clear day total horizontal insolation calculated by equation (4) for each
of the geographic locations presented in reference 2. These data were incor-
porated in the ASHMET program. It is assumed that the clearness indexes derived
for horizontal data are applicable to tilted surfaces.

B. Total Insolation to a Monthly Tilt Adjusted Collector

On any given day the daily direct insolation incident on a fixed position
collector will be maximized if the collector tilt angle is set equal to the
latitude minus the declination. ASHMET, therefore, has an option for setting
the collector tilt angle equal to the desired site latitude minus the declina-
tion angle for the 2lst day of each month. Once the tilt angle is calculated
the program proceeds as for the total insolation to a fixed position collector
option desecribed previously.

C. Beam Tracking Collector
Tﬁis option provides the direct insolation incident on the surface pléne of a

sun tracking collector. Clear day direct insolation (for incidence angle
® = 0°) is obtained from the ASHRAE equation:

SUNSET HR.

H BEAM, CLR DAY =] [A/eB/sinB] gt , : (5)

t = SUNRISE HR.

Typical daily beam insolation (for the 21st day of each month) is calculated by
multiplying the clear day value by the average daily percent sunshine (% SS)
for that month and the location desired. The percent sunshine was derived as
follows.

"It is assumed, as suggested by several authors, that the typical daily inso-
lation can be represented by .

HrotaL = [Fl [HT1oTAL, CLR DAY] ‘ (6)

F=c [a+ b (%SS)]

The coefficients a, b, and ¢ were determined from the SOLMET insolation data
and the annual mean daily percent sunshine data of reference 4. As expected
the coefficients varied from location to location within the United States.

f



However, areas of constant coefficients could be determined from the data.
These areas are delineated in Figure 1 along with the values of a, b, and ¢
for each area.

Equation (6) is now solved for the percent sunshine:

[/ HroTAL B
o/, s§= ( >% -a /b L m
HTOTAL, CLR DAY S

In equation (7) the term HTOTAL/HTOTAL, CLRDAY 1S the previously discussed

clearness index derived from the SOLMET data.

The use of equation (7) to calculate the average daily percent sunshine cir-
cumvents two problem areas. First, the necessity of adding a second table of
data to the program (monthly average daily percent sunshine for 248 geographic
locations) is avoided. Secondly, the sunshine data of reference 4 covers only
one-fourth of the 248 locations for which insolation data is available. Thus
considerable extrapolation of the sunshine data would be necessary if all the
SOLMET sites were to be included. It was felt a more accurate approach would

be to define areas of constant coefficients a, b, and ¢ of equation (6) from

the sunshine data of reference 4 and then use the SOLMET insolation data per
equation (7) to define percent sunshine for locations not covered by reference 4.

D. Direct Insolation to a Fixed Azimuth Tracker Rotating About its Axis

With this option direct insolation to the surface of a collector rotating
about its ‘axis is calculated. Orientation of axis is determined by specifying
its azimuth and tilt angles (input by program user).

Similar to the previously discussed collector systems the daily distribution of
clear air hourly direct insolation for the typical day of each month is first
calculated from the ASHRAE equation:

h A cos § (8)
DIRECT, CLR DAY = _—eB/s_inB .

] 2 (9)
WHERE: cos 0=, /1.0~ [sin @ sin S — cos § cos S cos (AZ + A2)



AZ is the collector longitudinal axis azimuth angle measured from due south
with east negative and west positive. AZS is the solar azimuth angle and is
obtained from:

AZ, =sin "1 Fé_%mz] (10)
’ cos

The typical daily direct insolation for each month is now obtained by multi-
plying the clear day insolation by the percent sunshine term described in the
previous section on beam trackers.

E. Direct Insolation to Fixed Position and Monthly Tilt Adjusted Flat
Plate Collectors

Calculations for these systems proceed the same as for the calculation of the
total insolation incident on their surfaces with one exception: typical daily
incident insolation 1s vbtained by multiplying the ASHRAE clear day direct
radiation by the percent sunshine term of subsection B rather than the clearness
index of subsection A. ‘



ITI, ASHMET II METHODOLOGY

The basic ASHMET II methodology is the same as that of ASHMET I with the
exception of the breakout of horizontal diffuse and direct insolation for
fixed position collectors (including those with monthly -tilt adjustment).

For these collector systems the breakout of horizontal diffuse and direct
insolation is taken from the correlation of Liu and Jordan [3] instead of
the ASHRAE methodology. Calculations of incident insolation for beam. track-
ing and azimuth tracking surfaces remains -unchanged.

From the Liu and Jordan correlation clear day diffuse insolation to a horl-
zontal surface is:

(hDIFF >
hTOTAL/ HRLY, HORIZ, CLR. DAY

5 3 (1)
= 1.39 —4.027 (KT)+5531 (KT)% —3.108 (KT) o
Where:
, < HTOTAL )
HEXTRATERRESTRIAL/ DAILY, HORIZ
The clear day direct insolation component is then:
(hDIR) HRLY, HORIZ = "TOTAL) HRLY, HORIZ, CLR DAY (12)

<hDIFF (h >
~I\hTtoTAL/\ TOTAL/IHRLY, HORIZ, CLR DAY

Total clear day hourly to a tilted surface is obtained as in the ASHMET 1
program:

_n , cos
(hTOTAL)HRLy,cLR_DAY = (DIR) HRLY, HORIZ ]
1:1953
+(hD|R+hDIFF) HRLY, HORIZ ( 2 ) (13)

1+cosS
+(h°'FF>HRLv, HORIZ (—%"—-)

"Calculation of the typical insolation incident on tilted surface for each
month of the vear then proceeds as in ASHMET I: typical total insolation
by multiplying the clear day daily total to the tilted surface by the appro-
priate clearness index; typical direct insolation by applying the percent
sunshine term to the clear day direct insolation component.



Additionally, ASHMET IT has a seventh collector type option: direct insolation
.incident on a horizontal surface rotating about an east-west axis in a north-
south direction. For this case the clear day daily direct component is (for
the 21st day of the month):

SUNSET HR.

: %
Hpir, cLR DAY = [A/e B/sinB ] [1— ( cos & cos w?] “at (14)
t = SUNRISE HR. '

(NOTE: The previously discussed option of a fixed azimuth tracker rotating about
its axis may also be used to obtain incident insolation for the case. However,
the casual user of ASHMET may not be sufficiently knowledgable of the program
methodology to use the fixed azimuth tracker option in this manner; also, com-
puter time will be saved by using equation (14).)
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a, b, ¢,

AZ

AZ
s

S.R.

- S.S.

NOMENCLATURE

Monthly varying coefficients of equation (1); A—apparent
solar irradiation at air mass = (0; B-atmospheric extinction
coefficient, C~diffuse radiation factor

Coefficients defining the percent sunshine function of
equation (6)

Collector azimuth
Solar azimuth

Monthly insolation per unit surface area

Hourly insolation per unit surface area
. N AY

Local latitude
Sunrise
Sunset

Collector slope, measured from local horizontal

' Solar time, hours

Solar altitude

Collector surféce angle, C°-south, -90°-east, +90°-~west
Declination angle

Angle of incidence furmed sun and collector osurface normals
Diffuse reflectance of solar radiation ‘

\

Hour angle, solar noon bheing zero

10



APPENDIX A

ASHMET INPUT

\

ASHMET is programmed for interactive use with a computer and a remote terminal.
Once the program is started the user will find ASHMET self-explanatory.
Questions concerning program options are asked and input parameters are called
for with explanations of the parameters. A sample input case is shown in
Figure 2.

The input data consists of

1. Latitude of desired location (format - F9.4)

\

2. Slope of collector measured from the horizontal (format - F9.4)

3. Azimuth of collector surface (0° south, minus-easterly facing, plus-
westerly facing) (format - F9.4) N

4., Type of collector-beam tracker, fixed position flat plate, etc.
(Program informs the user of code number to be used for each type.)

5. Ground reflectance (if desired)
6. City location number from Tahle 1,

If city location desired is not listed in the table the user has the option of
inputlng twelve monthly values of clearness indexes (ratio of monthly typical
day's total insolation to clear day insolation in percent) in the format 12F4.0. -

ASHMET OUTPUT

A sample output is shown in Figure 3 and should be self-explanatory. The

type of collector system called for is.output along with the other required
input data (latitude, slope, etc.). Monthly clearness indexes will be output
only if they are input by the user. Insolation output includes the hourly
clear day incident insolation, clear day and typical daily insolation for each
month.
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APPENDIX B:

ASHRET 1 \
DIMENSTON A(12),8(12),C(12),DEC 12), REFLT(12),DLYSUN(12)
SDAYS(12), TINE(13),8TA(13),5LRAZ(13), HRLYRD{ 13, 12), DIFRAD(13)
DIMENSION BRAD( 3) DIRRAD¢13), HORZRD(13),REFRD(13)

DIMENSION DECL(12),TTILT(12)
gé:ENSIM PCTSS(!Z) DLPRSH(12)

L LAT
c ASHRAE CONS?ANT DATA

DATA A-390.,385,,376.,360.,350.,345.,344.,351.,365.,378.,387.,391~/
DATA B/. 142..144,.156..18,.196. 205, .297,.201,.127,.16,.149, . 142/
DATA C/.058,.06,.071,.097,.121,.134,.136,.12¢,,092,.973, .263, .057/
Mé‘:‘;ﬁ‘gﬂ:/°20..-10 .8,0.,11.6,20.,23.45,20.6,1¢.3,0.,-10.5,-19.8,
- /
DﬁTh TIHE/' 6AM’,’ 7ANM’,’ 8AM’ ! 9&"’ ‘10AN’, 11AN’, 12PN/, ’ 1PHY/
‘' SPA’, 3P"4Pﬂ”SPH"G ,
DM'Q REFLTIO.,O.,O..0..0..0‘,0.,0..0.,9.,0..0 /
DATA DﬁVS/31..28..31.,30.,31.,30.,31.,31..30-,31.,30..31 /
DATA N /°'N’/
DTR=57.29578
URITE(1,999)
999 mellx.’DEFlﬂE OUTPUT DEUICE 7’ INPUT § FOR TERMINAL OR’~/
8’ INPUT 6 FOR LINE PRINTER’)
OPEN(UNIT=6,NARE = ‘PRINT,LST/, TYPE="NEU’ )
READ(1,484) NOUT

¢ .
g READ DATA FOR SITE

URITE(1,2)

FORMAT(1X, ‘' INPUT LATITUDE DEG’)

READ(1,3)LAT

FORMT(FQ 4)

URITE(S,4

FORMT(!X,‘INPUT TILT ANGLE FROM HORIZONTAL DEG’)
READ(1,3)TILT

URITE(! S)

FORMT(IX.'INPUT AZIMUTH ANGLE DEG © DUE SCUTH ¢+ UEST - ERST’)
RERD(1.3MZX

WURITE(1,555)

555 FORMT(IX,'IS GROUND REFLECTANCE DESIRED? (Y OR N)’)
READ (1,9)IR

L W e

n

‘PRELCADED VALUES OF GROUND REFLECTANCE ARE’)
(%Lg(l) oI01,12) -

A.‘Auan. [

IS CHANGE KSIRED’ Yy OR N)*)

O ® o
Rg‘h'ﬂ
[O—4

RD(1
FORMT(
IF(IA.EQ.N) GO TO 84
URITE(1,19)



et

19
n
20
<

84
81

FORMAT(1X, ‘IW‘I 12 MONTHLY UMLUES OF REFLECTANCE’)
mu.vgcmm).x-t.xa)

60 T0
DO 83 I=1,1 A CL
REFLT(Ibe

WRITEC1 8 ‘
FoamaT (1 ixi'no YOU DESIRE CLOUD COVER CALCULATIONS? (V OR N)’)

IFCIC. éo NIGO TO 10
1,400)

WRITE( '
400 rm'r(ix IS CITY LOCATION NUNBER KNOUN? (Y OR M)*)

READ(1,9) L
IFCIL. éo.mco 10 90
URITE(

1TE(1,402)
FORMAT( X, * INPUT CITY LOCATION NUNBER')
READ(1, 404)!.
FORMAT( I
CALL SWS}N(LOC.PCTSS.KSSH)
GO TO 10

WRITE(1,91)

FORRAT (1X, ‘PRELOADED VALUES OF PERCENT SUNSHINE ARE’!}
FORMRAT(1X,12F4.0)

URITE(L,92)(PCTSS(1),1=1,12)

URITE(1,8)

READ(1,9)1A
1F(14.£0.N1G0 TO 10
URITE(1,93)

rmmx.'xm 12 RONTHLY UALUES OF PERCENT SUNSHINE IN UHOLE NU

READ(Y, Q!)(PCTSS(I) 1-1,12)
12F4.0

921 FORMAT(

C 4
c =

LY T

[
-

"

KSSM=1

URITE(1,82)

rmrux.'xmn I.MTXM cLouD oow:n MODIFIER FLAG FROM RAP’)
X’ 1 PERCENT SUMSH

X’ 2 F TERM UITH .65 MLTIPI.IER'/

:: 3 : PRIRE WVITH .P’MTIPLXER'/

L 4 2 gLEM AIR INSOLATION')

£
.-.c

1X, ‘SELECT TVPE OF COLLECTOR:‘/’ 1 BEM TRACKER’/
2 xeD POSXTXON FI.M' PLATE UITH TOThI. INSOI.ATION'/
J AZIMUTH TRACKER - DIRECT INSOLATION ONLY’
X’ 4 PMONTHLY TILT RDJUSTED FLAT 1E UITH TOTM. INSOLATION’/
. & FIXED POSITION FLATY PLATE - DIRECT INSOLATION ONLY’/
t S ] ml.?mll. ADJUSTED FLAY PLATE - DIRECT INSOLATION ONLY’)

HEH
“ezéi-;

88

éﬂ
-

25

.
. X

bt e
‘UN
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c

c
C
c

O

DLYSUR(1)=9.
YRAXSN=0.

YRPRSN=0, -
SET UP TRIG COMSTANTS FOR INPUT NUABERS
LAT=LAT/DTR
CLAT=COS(LAT)
SLATSINI(LAT)
TLAT=SLAT/CLAT
TILT-TILT/DIR
CTLT=COS(TILT)
STLT=SINC(TILT)
AZ1=AZ1/DTR
CAZ=COS(AZ]) -
SAZ=SIN(AZ])
XK=.53(1.-CTLT)
DIFMPY=1,-XXX

DO 1000 M-1,12
IT1R=0
REFRPY=XXXIREFLT(N)
DECL(M)=DEC(R)/DTR
SDECL+SIN(DECL(M))
CDECL=COS(DECL(M))

- DAILY LOOP FOR 6 AW TO 6PM

51

4

DO 5¢9 ITM=-6,6,1

ITIR=ITIRA+1

ERAD(ITIA)=Q.

HRRGL=1S.3FLOAT(ITM)

HRRGL=HMGL/DTR

CHRNGL=COS(HANGL )

SHRNGL=SIN(MZNGL)

SBTA~CLATSCLZCLECHRNGLSSLATESDECL
CHEC IF SUN IS UP
IF(537A4-.01)51,51,20
BIACITIN)=ASIN(SBTA) _

CBTR=CGS(BTALITINY)

SLRAZ(ITEN)=ASIN(CDECLESHRNGL/CBTA)

BRAD(ITIR)=A(K)I/EXP(B(R)/SBTA)

G0 Y0 (25,50,75,1006,125,186)KIND
BEAM TRACKER ' /

HRLYRD(ITIN,M)=BRAD(ITIA)
GO TO 499
FLAT PLATE

;g;ﬁg{;CTL?iSBTQOSTL?X(CﬂZ!((TLRT!SB?Q)-!SEECL/CLAT))OSﬂZ!CDECL!

1
IF (TALAPY )S51,51,52

DIRRAD(ITIN)=0.

DIFRAD(ITIN)=O.

REFRD(ITIM)=0.

GO0 T0 53
DIRRAD(ITIR)=BRAD(ITIN)IZTALRPY
DIFRAD(ITIR)=-BRAD(ITIR)IIC(R)ISDIFRPY
KORERD(ITIRIERAD(ITINIZ(C(RI+SBTA)
REFRDUITIA )sHORZRD (ITIRISREFAPY



o060

o0

169
110
125

HRLYRDCITIN,M)=DIRRADCITIN)+DIFRADCITIR)+REFRD(ITIN)
G0 T0 499 . .

ROTATING AZIMUTH TRACKING COLLECTOR
MWY-CTL?!S"I’MTI.‘R (CAZE({ TLATESBTA)-(SDECL/CLAT ) }+SAZECDECLS

CSLRAZ=COS(SLRAZ( ITI

52=CBTAISSLRAZ

$3=CBTAXCSLRAZ
P-snnssta;gunsazxsa-cnncmsa

U3=-(S3+PECTLTICAZ)
CTH= (SBTAZU1+S2XU2-S32U3 )/SART (U1 U1 002302*03303 )
MRLYRD(ITIN,M)=BRAD(ITIMIZCTH
GO TO 499
MONTHLY TILT ADJUSTED
CALCULATE TILT FROM LAT-DECL
TILT=LAT-DECL(N)
TTILT(M)=TILT
CTLT=COS(TILY) N
STLT=SIN(TILT) )
IF (KIND.EQ.6)G0 T'O 125
XXX . 5%(1.-CTLT)
DIFNPYe1 . -XXX
REFNPY = XXXEIREFLT(R)
GO TO 50

%7 DIF:USF AND REFLECTED TO ZERO FOR FLAT PLATE DIRECT ONLY

SUN FOR DAY
DI.VS!.I.!-(E)-DLVSW(H)MVRD( ITIn,m

S89 CONTI

©
&
-

333!350

YRIXSH = YRIXSH+DLYSUN (M )SDAYS(R)
IF(KIND.EQ.2.0R.KIND.EQ.4)G0 TO 581

. G0 T0 (581,582,583,584,585,586,587 KSSN
USE: DERIVED % SUNSHINE

S SOLRET IVED
msmg:-m.vsmm JXPCTSS(R)/100.

MODIFIED SOLMET XSS FOR UARIOUS LOCATIONS FOR TRACKING
DLPREACR)+DLYSUR( I8 (PCTSS(R)-30. /65, ACKING COLL

Wﬂrgﬂ(l)'uM(ﬂ)l(MSS(ﬂ)-ﬂ. wre.
W(HDGMM(H)!( +SOPTPCTSS(M)-38. )/ 70.
W&-mmmnu £526¥PCTSS(M)-30. )/6S.
DLFRSH{/ ) oDLYSUR(NIS( . S62SPCTSS(N)-38. )/ 7.
€0 70 530

DLPRSRIN )=DLVSUMIN IS ( .25SSIPCTSSINI-39, )/70,
m-wwammmm



97

LAT-LATSDTR
TILT=TILTIDTR
AZI=AZIZDTR

DO 1032 I+1,12
1062 TTILT(D)-rriLT(1)3DTR
€ SET UP OUTPUT HEADERS

10 501.502.503.“4.505.56)&1!0
501 QRX‘IE(W
URITE( nou?

998 FORMA m'r DATASXS’ )
511 rmu//asx.'nxzcr INSOLATION m SEAN mxm COI.LEC‘IGS

' -8
- 521 URITE(MOUT, 531)

531 Fmt(I/SX. ‘IA'I’I'I'IM-' F9. 4)

502 g}mm.sxa, . : :
512 FMT(/I&'!X ’1’0‘Ml. SOLAR INSOLATION FOR FIXED POSITION COLLECTORS
BTUN/SOFT -

3 -
542 WRITE(NOUY, 552) Lﬁ'l’.'l’!l.‘l’
FORRAT (/SX, ' LATITUDE £S. 4.5!.’1‘".7" F9.4,5X, 'AZIMUTH=’ F9.4)
saz IF(IR.EQ.N)GO TO 609
URITE (NOUT .532)(REFL7(J) Je1,12)
532 romwr (75X, ‘RONTHLY REFLECTANCE VALUES NE ‘(12F3.a2n

GO T

503 WITE(NOUT »513)
WR1TE (NOUT,598)

513 anl/iﬁx, ’DIRECT SOLAR INSOLATION FOR RCTATING AZIMUTH TRACKIN
3G COLLECTORS ~ BTUN/SQFTY -‘)

523 WH’E(&H.SSE) LAT, TILT,AZ1
S04 UXTE(W.S“)

URITE (NOUT
514 [gwm”x&x '1’01‘“. SOLAR INSOLATION Fﬂ ROWTHLY TILT ADJUSTED COL

(TILE-LAT-DECL) ~ BTUN-SOFT -

534 FORRAT(/SX, ‘LATITUDEe’ F9.4,5X, ‘AZIMITHs* F9.4)

544 mmm.s&ummn.x-x 12)

554 FORMAT(/SX, *TILT’3X an,fs.
SFBLINFE.A, :nc.#s 1, §x e

505 IR!TE(WT.SIS)
URITE (MOUT

1,3%,F5,1,3%,F5.1,3X,F5.1
.30, Fs, l.ﬁx.rs.t x,fs.1).

518 FORRRT oS 'nxuzcr SOLAR xnsou'rxon FOR FIXED POSITION COLLECTOR ‘
%S - pTUH/Sart - ‘ .

GO TO 542
506 IR!TE(W.SIS)
(NOUT, 598)

WRITE : : , .
- 616 rmumfm *DIRECT SOLAR INSOLATION FOR MONTHLY TILT ADJUSTED CO
- sLULE t BTUN/SOFT -) ettt

TORS (TILVSLAT-DECL) -
1'0 S24
600 W(!C.EO.N)N 70 611 -
1TE(F0UT, 60

URITE( 1)L0C '
6 rmu/.xﬁx ‘RONTHLY CLOUD COVER ADJUSTRENT NLI!S l\ﬂt FOR CITV MO.

g’
611 uumm.un



LY

610 FORMAT( //SX,’TIRE JAN . FEB NAR APR nAY JUNE
300 “ng.’; 1 SEPY ocY NOV DEC’77)

13

602 URITE (NOUT,603) TINECL)  HRLYRDCI KO Kt 12)

603 FORMAT( SX,A4, 0,3%,F L65.8,3% rs.o.ax.rs.o.ax F5.9,3X,
x‘r.si:tax Fs.gig);.ré.o,3x,r§.o.3x.rs.o.3x ré

613 romrmxi'mxxu CLEAR AIR DAILY INSOLATION - BTU/SOFT’)

¢
604 URITE(NOUT, SOS)(DI.VSLB(I) I-1,12)

605 FORMAT( 4X,’'DLYSH’,2X,F .9,2X,F6.0,2%,F6.0,2X, FG 0 ,2%,F6.0,2X,F6.0
$,2%X,F6.0,2X,F6.0, 2X,Fé. 0 2X,F6...2X.F6 0.2%,F6.0
URITE (NOUT, 626) )YRMXSM
606 FMTHX.‘MXIM YERRLY INSOLATION - BTU/SOFT - =’F10.0)
'x;?c .£Q. mg?to 699
667 FORMAT(/4X, ‘PROBABLE DAILY INSOLATION DUE TO CLOUD COVER’)
WURITE(NOUT,E605)(DLPRSN(I),1~1,12)
WURITE (NOUT,608)YRP

RSH
¢ 638 FORMAT(4X, PROBABLE YEARLY INSOLATION - BTU/SQFT - «’F18.0)

699 ﬁgli%TPQUSE

7900 FORMAT(iX, ’1S MOTOER RUN MSIRED" (¥ OR N}*)
READ(1,701)1B

701 FORMAT(1A1)
IF(18.EQ. N) CLOSE(UNIT=6, DISPOSE="PRINT*)
IF(18.EQ.N) STOP
IF (NOUT.EQ.6) VURITE(6,800)

209 FORMAT(1H1)
CALL ERASE .
GO T0 1
EN

SUBROUTINE swsmu.oc ,PCTSS, KsSM)

DIMENSION PCTS(14,2

DIRENSION PCToS (153 vcrxm,oo) ,PCTV(14,68)

QUIVALENCE(PCTS(1,91),PCTX(1,

ewwm.:ucswctsu 181) Pc'rvu,m

BB She T 6a. s TR0 T3 T
oy . L .p oy .y .y 4.,74.,75.,71..62.,33 57.2..

$62..63.,66.,72.,72..71.,67..69..74.,76.,72..64..,30.68.2..
€59.,60.,65.,72.,73..75..72..74..73..77..73..64..32. .2,
DES..64.,66.,69.,74..79..81..81..78. 78..74.069..35.33,3.
£62..63.,65.,68.,75..80..79. 180..78.70. 3.3..
£83.,84..89..99..104.,104.,97,,98.,1 ..68.,64..§7.. 3.43.6..
css..sa..aa..ss..ua..zu.,oo.,u..m 99.,
HES..85..99..99.,103..104..91..93. .88, 67 ..63..52 6
185..84..89..97..101..103..52..92. xu .35 oé
J87..87..93..101" ws.,u?..cs..eo., o& 9’;.. ] 6.,
xss..so .62, 7...’:2 7 ss.,64..«9§6.
167..71..80..89..97.. .,ué..ﬂs §5..83..69.,35.43,6.,
o.“.. o'“op -. 0.1 ..97-,93..38..35 5-.
<.B9..88. 97 ua..ua..xu. ..34 87.6..
0.780.79 0.&30.9& 80.&2-;53 . oy
:s:..u..sa..n 'n 73568 R

R e .89, 5 60.596 és“.i 83 09, 00 .63§ bgéé'n.s..
09 F00p Ve, 0p8Le 00 990, 09830, 20,
.75..83. :a..a..eo..se..n.,os..n..u..n..33 93,6..

§E§

338
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~

63.,65.,69.,78..86.,92.,102.,1€0.,99.,89.,74.,70.,41.32,6.,
784..85..91..98..103.,106.,99.,98.,104.,99.,06.,90.,34.77,6.,
ms.,vo..'as.,sa.,ss.,éo., x..ss.. é., L1836,
U77..76..81.,82.,78.,78., 82..84..82..34.12.6.,
UE1..65..73..84..93..99.,105 .,195..103.,91.,75..35., 48.15.6.,
XS9. .65..77..87..95..102.,106.,104.,104.,93.,78.,63.,38.52,6.,

096..79..81..78..78.,85.,83.,86.,84..85..82.,32.73,6.,
g;.,gg..g..aa..av.,90..94.,3:;..9;..35..79.,72..33.63.2..

s ) .y .y oy ) ¥ .y .y ¥ .y .y . 200,
070., op .y oy o0 .y oy S.. 4-,850.800, 4..37. ,S..

p39.,83.,82.,84.,83.,99.,87.,90.,96.,97.,95.,94.,38.82,7.,
Ess.,81.,82.,83.,84.,89.,89.,91.,96.,96.,93.,92.,39.75,7.,
F?8.,78.,81.,85.,88.,85.,94.,93.,98.,96.,91.,87.,39.65,7.,
680.,79 ,83.,87.,93.,8.,97.,97. .102..97.,94..89..39 ie,?.,
w37.,8 .,82.,85.,84., 2.,91..92.,9?.,98..94.,91.,38 28, 7.,
155.,55.,55.,59.,62.,64.,65.,64.,67.,67.,58.,55.,41.93 .5..
Js?7.,57.,69.,64.,67.,72.,71.,71.,?3.,72.,66.,58.,38.85,2.,
‘590.60..62.,65.,67..71.,730' a..73.,72..57o.610;39 6 Ds'l
Le2.,64.,69.,78.,81.,76.,7%1.,71.,74.,78.,76.,66.,29.75,2.,
888.,68..72.,78.,76.,70..70..71.,71..71.,?4..69.,29 18,2.,
N67.,67.,72.,77.,76.,72.,79.,72. 70.,72.. 4.,68.,30.59,2.,
074.,79..81-,81..79.,78.,75.,76.. 72.,72.,75.,73.,24.55,2.,
res.,e69.,72.,76.,72.,66.,70.,68.,67.,70.,73.,73.,25.80,2.,
.69.,73.,78.,77.,70.,71., 0..71.,73.,7?.,72..28 ss,2.,
RSS.,GS.,?O.. 76.,75.,72.,68.,71.,73.,77.,75.,68.,30 38.3.,
$69.,69.,73.,79.,78. .?l.,SS..GS.,?l.,?S.,77.,72.,27 g7,2.,
TSG.,SS.,?O.. 74.,72.,66.,70.,70.,66.,66.,71.,70.,26.63,2.,
Us9.,€0.,64.,7 1.,73..72..71.,?3..72.,75.,73..63..33 65.2.,
vel.,6e.,65.,73.,7%.,72.,70.,71.,71.,76.,75.,67.,33.37,2.,
USI.,SI..SS.,73..73 73..70.,73.. ?2.,77.,75.,66.,32. 79.2..
XSE..62.,67..74..72..70.. o 9..88.,74..74..67.,32 3,2.,
Y63.,64.,64.,68.,74.,89.,82.,82.,80.,81.,7 3..64.,40 78,3.,
GGS.,66.,65..51..73.,89.,83.,82 .82. 83..75..68.. 1.53,3.,
64.,66.,65.,7t. 72..74..81 s e, 3., 9..61.,59..42.50.3..
C68.,67 ..67..69., 5.,81.,83..84.,83.,83., 74.,69.,43.15,3.,
pe8.,66.,66.,71.,75.,81.,84.,84.,83.,83,,77.,69.,42.49,3.,
t6t.,69.,75.,83.,50 ..94..104.,101.,194.,94.,80.,70.,43 57.7.,
FSt.,55.,62.,67.,74.,77.,94.,91.,91.,79.,62.,565.,46.38,7.,
G66.,79.,78. 82.,89..94..!04..162..104..98..84.,73.,4_.92 Tes
HGZ.,B?.,?I.,7o.,80..84.,87.,85..83.,3 1.,63.,62.,37 .07,3..
158..58..62.,65.,70.. 76.,77.,78.,78. 78 ,65.,57.,,41.78,3.,
J60.,62.,62.,65 89..75.,77.,77..78 7?.,68.,69.,41.45,3.,
KG!..SE.,GE.,GS.. 3..80..81.,80.,81..79.,71..62.,39 83,3.,
++57.,60,,65. 70.,75.,75.,76 5.,76.,88.,57.,38.09.5..
HSO..SB.,54..SO.,66.,70 .,72., .s71.,57.,50.,41.00,5.,
NSZ..54..56.,61.,66..71., I..73.,74..72.,61.,52 »39.73,5.,
048.,51.,55.,62.,68.,73.,73.,75. 7 4.,71.,57., 8..41.79.5.,
pP?2.,72.,?3.,7%4., G..81.,95.,83., 279.,7.,71.,39.57,3.,
e¢79.,77.,77.,82.,81.,69. ,90..90.,91.,9‘ .85.,83.,37. 77,4.,
RBI.,?S.,ts..ca..ﬂl.,ﬁsn.eao. 1-. 1.,920,:3.,85.;39-3 . oy
$s9.,67.,67.,72.,75.,83.,84.,84.,83.,83.,78.,71.,32.07,3.,
272.,73.,77.,79..86. 88.. 9..87..87.,83..79..37 65,3.,
U53..S4..5 +s64.,68. 72.. 3.,7 4..74..(3.,64..56 38.03.2.,
053..5 .58..64..67..78..72..74 4.,73.,64.,56.,38. 18,2.,
Usa GS 700.7 oy 30'68.' 1..710.760.69o.6’-.3° 53.3w,
853..57..88..65 .72, 75..70.,79.,72..80..68.,,8.,30.17,2..
Y¥61.,63.,66., 4.,76.,76.. 1.,72.,74.,77.,71.,64.,29.98,2.,
ﬁG...SE..GS..Gﬂ..?Q..?B.,79..8‘..78..8..,74.,65..32 4,2.,
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lSGo ,56. .570 ‘“o '“0..0'7‘. '670.7‘0;7100“03590 o‘a 37.500

C69.,60.,62

Ly 01 5°° LX) [1-3¥3
m..“.' o' oy .y l‘ » 0.'
EQOQEO.GSG‘“O.“ Xo.?S o.“o r1-2y}
F65.,67.,70.,66.,64. 68..71..7!..71..64.,57 .,ﬁ +8es
L 0908, o 2Ge,
w57, 56..56..59..62 +65.,66. +»43.65,5.,
150..53. +61.,65.,69. 72..76..7 .,71..85 . +»45.07,3.,
o 560.630168', 10'73 op L3 ‘0. 3.42,3.,
‘"0.51 (¥ ] (¥ oy o ‘a sdey
Y LY oy .y * oy 70.,5 L 7.. 42. .30‘
n38.,45.,58.,64., «»75.,72.,65.,63.,46.,40.,47.17,3.,
352, 58..63..66..67..69..74..70..63..57.,47.,47.,46 57.3.,
3221830,/
DATA PCTX/

oo 78.,67.,61.,39.1

N49.,55.,63.,64,.,68.,70.,74.,72.,67.,62.,508.,50.,46.47,3.,

042.,48.,51.,64.,69.,73.,77

*s

&..65. ,67. »69.,70 .,72..78

u2n.,68.,

s *s
(L4 *»
*» A4
L e

28333

.,84..66., B.,

R63.,65.,65.,66.,69.,

1., 63.,64.,67.,73., 6
161..62..62.,66.,73.,79.,

0.6‘.. L 90. oy Ly
UG‘..GB..“.. s ¥ .y }a.

.y oy .y oy

XSQ..G!..GS.,%?.,?S
vS8.,60.,64.,70. 73.,74..71..74..72.,
360.,63.,67.,72.,75.,77.,
67..,67.,72.,71..77.,83..
B70.,68., ..71.,77.,79..93..91..
¢73.,73.,76.,75.,80.,82.,
D66.,65.,70.,71.,74., 9.
Esaop“o' .y Ly .

LY LY Ly ey .y oy
F“..“l' o9 FWe ey .y ‘0'
"So.“u 0'770. oy oy

o.“o. ....,73-. LX)

«s67.,72.,72., o

148..53..61..65.. 2..74..94
J63., .y 0.710.”0. oy
X6e.,61.,66.,75.,76.,77.,
Lsa.n oy oy o.n..no.
mso. oy o 0.’5"730)
N64.,63.,67.,72., 0p %,
ml. » oy oy oy oy
mop o ..“op op oy
374.. o.”o' L (X)
mo. o. Be, L) .y L]
“so. L ¥ ] oy

LX) ¥ 2 e..a‘...‘..”..’
573.,69.,7... LY oy .p
m‘. oy (X op oy o.

o L X s
L4 x4 o .
oy .y ..85..

¢ (x4 o *s L4

o .y op

0.810.

89.,8 1..72..47. 48,4

oslle,

*»

73..71..41.37

65. »51.,45.,44.73,3

72..55..48..48 0,4.,
. .n..“.

< 67..68..48.12.4..
c075..71..48.22

sde,
230,
..64..48 57.3..
*» 03es
L Y] '3.'
oy '3.'
. ode,
*p '3.‘
s 3.,
L 2Gey
(¥} ke,
. 0oy
. 2%,
(X3 29,
24,

’4.,

»4e,

. o4,
»4e,

. o 4e,
43,4.,

(¥} 4,
o 3,2.,
(X} 2Gey
(¥} 0Go,
-

(X} 0Gey
(¥} 2o,
op .‘.‘
. 4o,
o4,

. I
o 23es

+»84.,82.,41.87,4

.0
.

o Vo

(AL
os. .y

+.69.,62.,64
.“o,.o.“n.“o.‘?o.‘?.o“o.?’0.7‘..“0,“-.“ .3.50.
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..59.,51.,G‘.,Gs..ss..7...79-.72°é7a

+.65.,60.,48.70,5.,
B88 95..98..101.,97.,99.,102. ,100.,58.,63.,35.05.4.,
C87..82..84..87. ss..sx.,bo..sx.,os . 94.,92.,36.45, 4.,
p87..85..86..,92. 95 103. oo.,év.,bo.,as.vs, .
E8S..84..88..93., ..65..63..61..9§ ,93 .,89. 33.49,4..
F99..88..92..98. 98" .

99 33.23, 4.
¢87..83.,86.,89..99.,9 4..§a. .65..94..6 ..6 ..55.13.4..
o,’?a," 0“,40'

0'8303 4..92-; ey 'I

M85
176.,77.,89.,84..90. 9s. 04. 04..197..101 .,490.83,7.,
195,090, .99 96..86.,36

., 107 .28,7

Js‘.. 0.880. .

K8s.,88.,92. 9..163 ..xoé..:ot..xoa..xov.. i02.,98.,92.,36.68,6.,
+.85.,90..95., 109.:104., 110, 111, 113..108. .99. .93, 140.07, 7.

nsa..as.,ss.,ss..ss..1ea.,1es.. e7..111.,1e5.,5s, 59.50,%.,

N89..88 »93.,98.,109.,105.,1086.,1 07..111..107..100.,9&.,38.07

076.,77 .,81.,37 ,93.,97.,108.,105.,108.,101.,99.,83.,490.90,7.
P83..85..91..97..100..103.,104..104.,108.,103.,97..93.,36.95.7.,

@55.,55.,56.,60.,62.,66.,69.,68., 6.,55.,54.,42.75.5.,
R45. .45, .48..56..59..64..66..65..66. sa.,49..43.,4a.aa. .
S43..44..51..59..63..69..71.,69.,68..63.,49.,43..42.93.5.,
154..61.,63.,61.,65.,79.,71.,70.,65.,59.,50.,50.,44.60,5.,
U53..53.,58.,62.,64.,68.,79.,69.,69.,64.,53.,52.,44.93,2.,
VS5, ,54.,57.,69.,64.,65.,67.,67. 69.,68.,59..54.,40.78,5.,
U6e..59.,61.,64.,66. .68.,70.,71.. 3.,72.,65.,61.,40.77,5.,
X45..45..52..60..64..69..71.,69.,69..64..50,,44.,43.12.5..
v47.,46.,51.,60.,62.,68.,70.,69.,69.,63.,49.,44.,43.12.5.,
A47..49..53..60..65..70..71.,72.,73..69..56.,48. .49.92.5.
f.,52.,55.,61.,65.,70.,70.,72.,72.,71.,60.,52..36.07.5.,
c44..4s.,sa.,eo..sa..7o.,7a.,71..71..67.,53.,44..41.40,5.,
048.,49..53.,59..64..72.,69..73..?2.. .,57..49.. e.oo.s.,
£51.,53..55..62.,66.,71..7 .,73..74.,72..59..52..39 99,5.,
F50.,52.,55.,62.,68.,71.,73..73..73.. :..57..50..41.50.5..
643.,44.,49.,57.,62 ,67.,69.,68.,68..66.,51.,43.,41.27.5.,
¥70..68.,7 0.,73..74..81.,83..84.,81..81..79..73.,35.40 3.,
166.,64.,66.,69.,71.,765.,80.,81.,77..78..,75..69. . 36. ao.a..
J4G.,49.,53..E3,.65.,62..70..,70..75..65..57..50..46.15.6. .
KE2.,68.,73., 76, 78.,81.,93.,91..86..77. .65..59..44.83.6..
Lsa..ea..68..75..81..87..98..95..97.,87.,7:.,69.,43.58,6..
A48.,58.,64.,73.,89. 87.. 93.,96.,93..78.,69.,50.,42.37,6.,
N5S.,76 ..51.,53.. 74..76..84..82.,82..74..66..60..43.42.6. .
050.,54.,63.,79.,77.,82..96.,93..94..81..63..55..45.68 ,s..
P44.,49.,54., o.,sv..sa.,sa..78..7s.. 5.,55.,48.,45.60,6.,
065.,65.,79.,77 .83.,87..98..95..36 ss..vs..vt..44 27.6..
R49..55..61..69.. s..sa..sa.,ax., 2.,52.,45.,43. aa.s..
+250..56..63.,69..71..86..52. sa..s7..ss..49.,44. 2.6.,
T57..57.,59..62..64..67. .70, .69..70. .70, 62..57..40.65.5.
L S S A B e R
oy (¥ .y . () oy ey ey . LY . . 3 o/
DATA PCTY/ ’ peme
v58.,58.,60.,63.,65.,69.,69.,79.,71.,71.,65.,69.,39.88,5.,
%48.,46.,51.,58.,63.,62.,62.,62.,68..62..55.,46..40.50.5. .
¥51.,52.,55..59..63.,67..69..68.,69..69..55..51..41.33.5. .
A72..72..75.077.. 724y .,7s.,7s.. 3..72..75..72..18. 43. .
BS59..65.,61.. 6..0.-.69.. ..ss.,sa..ss..ss..41. 7.5.,
€8.,57.,57.,61+,C5.,67..67. 68270 . 710,62 . 59..41.73,5..
DS9..69.,65.,73.,72.,73.,73.,68.,70..74. .75. ,66.,32.99. 2. ,
3.,63.,67.,74.,73.,74.,72.,73.,73..76..77..69. .33.95.2.
3...! .65., 7‘ LY .y oy 6 7‘ 2Ge,

GSS..I...GS.,70..75..83.,87..87..83..84.,77.,35.,44 38,4.,

7..

»



’m..s?..710.740'7...“0."0.”.."0..‘.”..”0.“ a.‘..
!7.00.00 1.,7e. 7500 0oOFe IV p Lo pBVe 8N4, W0, 28,
0.50.“0."‘.8.. op 0. op op op g oy » .‘o.
‘54 “0. oy 09670' * o O 0. oy LY . Gy
15, 8. 6. 68, 70, 72, 700 72, 72, 74, 68, 59, 35.82.5.
0’ .9 Ly Ly 0'77..770,790.7‘0. .9 .o op . 1 -I¥
++56.,66.,71.,74.,74.,75.,72.,72.,62.,52.,35.12,¢.,
073.,71.. oy L' oy ‘n. ey o,“o, ..8...77-.33.‘3,3.,
78..82 86-.86 '“0'890'91..91."‘0.9...880’ . ode,y
“40' -,670.67 ey l., .y (¥ .y L) oy LY o . oJde p
RS’-.G. o9 ‘o‘ s L Y) 7 oy ..79_.. '.690.620' . ‘3o.
561.,63 35 67 72 L) ) oy L oy .y LYY . oJdey
T65. .65..69.,68.,73..81.,83. [§3..89..79..75..71..32.85.3.
UG8+ 68..73..70..71..77..89..81 T 76, 72..29.37.3..
Us7.°87..91..99..101.,103.,96.,9 6..9&., 99.,90 éo 4
Ue4..65.,68.,68..73. .82.,84.,85., 7§.. 6..3é 83,3.,
XSS..65.,6 ..73.,?8..83 .89..80. 79..82 ©64..29.30.3., .
¥56..59.,61..63. 9.,7a..7x.,71.,71.,74..53.,50..39 %.3.,
Ag2..63.,65.,68.,72.,78.,83. .80, 77770064, 27.923.
BE5..65.,69..71..76..89.,84..84..80..78..71. sv.,a? 53,3.,
gs.,82.,85.,92.,93. 95..94.,95..92..92..92..33.. 3.65,3.,
DS6..62..65..68..72..78..78..79..75.,80..73..66.,31.23.3. .
£84..82..88..92..94..97.,93..94..91.,92..92..88.,31.93.3..
F58.,51-.53..67.,72..77.,72.,73.,74..75..7‘..83..39.%.3..
673..71..76..77..79..83..83..83..79..80..89..77..31.37,3..
HE4..65.,68..67..73..79..83.,82..79..77..73.,68..29.53. 3.,
165..64.,67.,68..,72..80..81.,83..80.,80.,76.,70.,33.72. 3.,
J64..64.,68..67.,69.,80.,83.,83..79.,78..74..70.,31.62, 3.,
K71..70..72.,74..78..84, ,85. ,84..82. .82..80..76. .
L87..84.,88.,92..96.,160.,95.,95.,103.,102.,101..92.,37.70,7.,
m‘lso" *» (& L) . s ol 091 0.1“00 p?’ 7..70'
W70..74.,80.,84..93..97.,102.,101",104. ,08. .87..76.,40.77, 7.,
063..62.,66.,72..73..76..73..73.,74.,74., 75, ,68. ,36.90,2. .
PES. .59 ..sa..u..ss.,u..?o..n..n..vx..n..ea..:n
mo' 10. “o'“o‘ lo.?.o.?logno, oy ey . p
RS1..51..55..50..63..66..69..68..68..63..50..48. .44.47

+946.,52.,59.,66..65..77..73..74..60..53. . 46..46.
T42..47..53..61.,69..70..91..77..74..63..54..45. .47.45.6.

-
o0 p

510357' 55. 710 . . . 93. 93- 810 GS.. .
US1.,58.,68.,65..66..65.,67..64..66..59..51..48. .
“9..570;“0.780. oy o9 oy oy ‘05-50‘ .y ey

X49..52..59.,64..72.,70..81..77. 65..61. "6.s
¥55..69.,69.,75.,81..83..95..93. .94..82. .67, .59..46.57.6.
o.s‘op 4'. 0'670. L) oy LY o.eo.s.o'“ 8?.30)
B69.,61.,65.,66.,68..73..76..75..,74..70..62. .60..44.48.3.
oy .p .y 9 Ly oy oy *p LY ] .y .y *p L4 .30,
ES 259.,62..65..70..75., Z:m::g::;xu::s’ﬁel :a::
* L ] L ] [ ] L] * L] . h. L] * . L ]
.254., s61.,66..66. .66 .64..66..63..57..62..38.92.2.

. x“o.sgo.s-’o.eo.“... » 1"”" 103 .. o. 0’
oy (¥ oy LY .y o. s&ae p
J83..81..82..83..87..85..101.,1 I S50 847 6 .. 42.92.4.
us..u.:'n.:n..n.:u.iu..g..sﬁ..osi. 91.,9 {!.4:10:. a“
e op (¥4 o
fB4.,83..85..87..92..88.,101.,101. aés. ie2..95 i %.q.
m.:n.in.:n..vs .82..93.,53.,88..87. .80, .Z ’n. .
m..no.”..n ,73...-.”-.u..u-.”..“..‘e-.“.‘a.‘.l



DO 589 I-1,12
508 PCYS5(1)=PCTS(],L0C)
KSSM=PCTS(14,10C)

RETURN
END
PIP> '

A4
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ASHMET 11

), DEC(12),REFLT(12),DLYSUML12),
) SLRRZ(13) HRLVRD(13, 12) DIFRAD(13),
Lénwua)"gks(z}gi) 13,12)

DIRENSION A(12),B(12),C(12
$DAVS(12), TIRE(13), s'rau .
SCLRDIR(13),CLRDIF (13),CLRSUA(12),C
DIMENSION BRAD(133,DIRRAD(13),HORZRD(13),RE
DIREMSION DECL(12),TTILT(12)

DIRENSION PCYSS(12) DLPRSA(12)

DINEMSION DAY(12),56(12

DIRENSION mmx(ia) m«mua»

DIRENSION SINPHI(13,12)

REAL LAT
ASHRAE CONSTANT DATA
(DATR A,399.,385.,376.,360.,350.,345.,344.,351.,365.,378.,387.,
/

DATA B/. 142..144..156..18..195..205..807..201,.177..18,.149..142/
DATA C/.058..06,.071,.097..121,.134..136,.122, .692, .673, .063, .057/
DaTA BE DEC/-20.,-10.8,0.,11.6,20.,23.45,20.6,12.3 o..-to .-19.8,
Jara mt/' GAM’,’ 7AM’,’ SAM’,’ DAM’,’10AN’,’11AM’,"12PR’,’ 1PN’
fma REFL 17/0..9.,0.,0.,0.,0..9.,0.,0.,0.,0.,8./

DATA DAYS/31..28.,31. 30.,31..30 031.0310,39..31.,30.,31.7

DATA DAv/17.,47.,75..105..135.,162.,188.,228. .258. ,288,, 318, ,344./
1!5:&/90/443..439.,438..425.,415..416.,416..430..426..434.,440.,
DATA N #°N*/

DVR=57.29578

URITE(1,999)

999 FORMAT(iX,’DEFINE OUTPUT DEVICE’/‘ INPUT 1 FOR TERMWINAL OR‘/

A W M=

8’ INPUT 6 FOR LINE PRINTER’)
OPEN(UNIT=6, NANE - 'PRIN‘I'.LST',WPE-’&U’ )
READ(1,484) NOUT

READ DATA FOR SITE

WRITE(1,2)

FORMAT( X, *INPUT LATITUDE DEG’)

READ(1,3){AT

FORRAT(FO. 4) .

WRITE(1,4 :
FORRAT(Ix. - INPUT TILT ANGLE FROM KORIZONTAL DEG’)
READ(1, 3)i

WRITE(1,S

rom?'{tm.'§m AZIRUTH ANGLE DEG @ DUE SOUTH + VEST - ERST’)
mm 0

URIVELE,555)

+

555 FMT(B’L'IS GROUND REFLECTANCE DESIRED? (Y GR M)‘)

iF 8. £3.H)30 T0 89

(1, 6)
FOGRAT (1X, - PRELOADED S OF GROUND REFLECTANCE RRE’)
BRITE(L 7)(R£FI.‘I'(I), 'l 12)
rm'rux.xaa.a



WRITE(L ‘ )
rmmx 'xs CHANGE DESIRED? (¥ OR N)*) :
READ(1, 9)i

FORRAT(1A

IF (IR, se.n) GO TO 84

URITE(1,19)

FORRAT(1X, ’INPUT 12 RONTHLY VALUES OF am.:cmcc: )

READ(1,71 ) (REFLT(1),1e1,12)

Sganar(xara.a

1)
FORMAT(iX, ’DO YOU DESIRE CLWD CCVER CALCUMTIBNS? (Y R N
READ(1,9)1C
IF(1C.EQ. N)GO TO 888
URITE(1,400

469 FORHQT(!X.'IS CITY LOCATION KURBER KNCUN? (Y OR N)*)

14

9s
83

READ(1,9)IL

IF(IL.£Q.N350 TO 90

URITE(1,402)

FORHQT(!X,'X!?UT c1Ty LOCM‘IW NUMBER’ )
READ(1,404)L0C

FORAAT(14)

CM.L SUNSHN(LOC PCTSS,KSSR)

ARITE(1,91)

FOWT(D( ’PRELOADED VALUES OF PERCENT SUNSHINE RRE’)
FORRAT(1X, 127 4.0)

WRITE(1,82) (PCTSS(1),1-1,12)

WRITE(1,8)

. READ(1, 6)m

IF(1A.£0.11G0 TO 10
URITE(1,93)
FMT(!X 'IRPUT 12 RONTHLY VALUES OF PZRCENT SUNSHIRE IN UKOLE U

REQD(l 921 MPCTS5(1),1-1,12)

921 FORMAT(12F4.0)

C 94
C 82

OO0

10
11

KSSM=1

URITE(1,82)

Foana?ux.'mpm LOCATION CI.GUD CMF RODIFIEP FLAG FROR RaP’)
%’ 1 PERCENT SUNSHINE RULTIPLIER

3/ 2 F TERM UITH .65 RULVIPLIZR’ /

3’ 3 F FRIRE UBITH .ZO}RULTXPLIER‘

-8’ 4 F FRIRE TIFE

2’ 5 CLEAR AIR Ih-aO!.AT!ON')
%’ 6 F PRIRE TIRES 1.05’)

READ(1,123KSSM )

G0 70 10

DO 839 Re1,12

PCTSS(R)=100.

CONTIVUE ,

URITE(L, 11) .

FORRAT(iX, *SELECT TYPE OF COLLECTOR: ‘s’ 1 [EAS TRACKER‘/
2 2 FIXED FOSIVICN FLAT PLATE UITH TOTAL INSSLATION'/
2’ 3 AZIGUTH TRAZIER - DIECT IKSOLATICH OKLY'/

2/ 4 ROWTHLY TILT ADJUSTED FLAT FLATE UITH TOTAL INSOLATION’/
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2’ S FIXED POSITION FLAT PLATE - DIRECT INSOLATION OMLV’/

3’ 6 NONTHLY TILT ADJUSTED FLAT PLATE - DIRECT INSOLATION ONLY'/
2’ 7 TILT TRACKING CONCENTRATOR-E/M AXIS ALIGNMENT-DIRECT
SINSOLATION ONLY’) :

READ(1, 12 )KIND

FORMAT(I2)

CALL ERRSE

ST RUN

21 . MRLYRD(J,1)=0. ‘

ae

OO0

¢
¢
¢

916

DLYSUN(]1)=0.
YRIXSR=0.
YRPRSH=0.
CLRYR=0
SET UP TRIG CONSTANTS FOR INPUT BUNBIRS
LAT=LAT/DTR
CLAT=COS(LAT)
SLAT=SIN(LAT) ’
TLAT=SLAT/CLAT
TILY=TILT/DTR
CTLY=COS(TILT)
STLY=SINC(TILY)
AZ1=AZ1/DTR
CAZ=CoS(AZ])
SAZ-SIN(AZI)
XXX=.58(1.-CTLT) ~
DIFRPY=1, -XXX

DO 1009 Me1,12 /
1TIN-0

REFMPY « XXXSREFLT (M)
DECL(M)=DEC(M)/DTR
SDECL=SIN(DECL(M))

CDECL+COS (DECL(M))

TOTAL DAILY HORIZONTAL RADIATION CALC.

HDLYNZ+9.0
DO 929 IHR=-6,6
HRNGL=15, xn.owmmwm ' y
CHRNGL =COS (HRMGL
snm-cmncnzcmmusmnsnect
IF(SBYA .GT, 1.0)SBTA=1
IF (ABSCSBTA) CT. 1 0)58TAe-1.0
LA 9112 )mﬁrgﬁnm(cm SBT
. 7 Y+SBTAIZ(PCTSS(M)/108. )
HDLYHZ=HD

CLWV-HD‘LWQI(PC?SS(H)II“.

90¢ CONTIMRUE

DAILY LOOP FOR 68 AR TO 6PN

DO £90 ITH=-6,6,1
ITIR-ITIA+
EQADCITIN) =0,
HKoR3L=16.SFLOAT(ITH)



9¢

KMGLaHENGL/DTR
CHRANGL «COS(KRNGL )
SUANGL*STH(KTIGL)
Bm-cmncn;ci.musmnsneu
IF(SBTA .GT. 1.0)58TA=1.0
TF(ABS(SBTA) .61 1.)53TA=-1.0
CKEC IF SUN IS UP
IF (SDTA-.61)51,51,2
2 rraunm-asxmsﬁ'
CBTA=COS(BTA(ITIN))
TEST=CDECLESHRNGL/CBTA
IF(TEST .GT. 1.0)TEST=1.0
IF (6IS(TEST) T, 1.9)7ESTe-1.0
SLRAZ(ITIA)=RSIN(TES
mn(mm-a(m/zmmm/ssm)
G0 T0 (23,58,75,100, 125,100, 77 )CIND
¢ BEAM TRACKER -

25 HRLYRDCITIM,M)=BRADCITIN)
. 0704 .
£ FLAT PLATE

50 TALMPY-CTLTSSBTAYSTLTA(CAZE( (TLATESTA - (SLECL/CLAT) 02 Azxcnzcu

HRINGL )
€CC1.0+.0332C05(6.2831853DAY(MI/365. )
CHRSR=~TLATESCECL/COECL
HKRSR=ACOS{CHRER)

SKRER=SINI{IIASR)

RSUDD=(3,1415C26/24. )X (CHRNGL-CHRSR )

17 { SHRSR-HRSRBTHRSR)

HEX=(24./3. 1415928 )BSC(MIBECCI (CLATICOECLRSHRSR

1 +HRSRISLATISDECL

XXT=HDLYHZ/KEX

HORZRD(ITIM)=CRAD(ITIAIZ(CIMNI+SBTA)
HD=HORZRD(ITINIE(1.39-4.0273XKT+5.531 IXXTIAT-

13.168EXKTEXK TEXKT )

HB=HORZRD(ITIN)-HD

CLRXT=CLRDAY/HEX

CLRHD=HORZRD(ITIM)S(1. 39-4 027101.2(70’5.531:0%80&‘1’

1-3. 1mcuamcuu LRKT)

CLRMD=CLRHDIRSUB

ECCHOR=ECC3SC(R )!Sl?ﬁ

CLRHDs , 3842ECCHOR- . 416SHORZRD (1 TIN
IF(CLRHD.GT .H{ORZRD(ITIM) ICLRHD= WZRD(ITIH)
LRHB>HORZRD(1TIN )-CLRHD

CLARDIF ( l‘ﬂﬂ )=0.
GO 70

52 DIRAAD( lTlH)-HB!TM.ﬂPVISB
CLRDIAC !TIH)-CW‘MMIQ'M
S4 DIFRAD(ITIN)=HDEDIFAPY
chF(ITll)OOMbI
55 REFrRD(ITIA)=HORZRD(ITINISREFMPY
§3 KRLYRD(ITIA,N)=DIRARD(ITIAI+DIFRAD(ITINI4EFRD( mm



La

o060

c
c

c

CLRTOT(ITIN,M)=CLRDIR(ITIN)+CLRDIF (ITIN)+REFRD(ITIN)
GO TO 499 '

ROTATING AZIMUTH TRACKING COLLECTOR
S l'I’AI.F!PV-(:1’!.1‘3581’&05Tl.‘l’! (CAZS((TLATESBTA)-(SCECL/CLAT) )+SAZXCDECLS

IF(YALEPY)S1,51,76
7% sswaz-sxmsuaaéunnn
- CSLRAZ=COS(SLRAZ(ITIN))

S2-CTAESSLRAZ
$3+CBTASCSLRAZ
P=STLTISETAICTLTZSAZYS2-CTLTSCAZESD
U1-SETA-PESTLT
U2-S2-P3CTLTS
U3=-(53+P2CTLTICAZ)
CTHe (SBTATUL +S28W2-SI2UI )/SART (U1 SU1 442U YT )
om.vab(mn M)=BRAD(ITIM)ECTH

GO TO 499 .
hos TILT TRACKER

77 CTHETR=SCRT(1.6~CDECLECDECLESHRNGLESHRNGL)
BRAD(ITIN)=A(M)/EXP(B(M)/SBTA)
HILYRDCITIN,A)=BRAD( ITIAISCTHETA
GO T0 499
RONTHLY TILT ADJUSTED
CALCULATE TILT FROW LAT-DECL

100 TILT-LAT-DECL(M)
TTILT(R)=TILT
CTLT=COS(TILT) .
STLT=SIN(TILT) -
IF (KIND.£0.6)G0 TO 125

110 XXX+ .58(1.-C

SET DIFFUSE AND REFLECTED T0 2ERO FOR FLAT PLATE DIRECT OMLY
REFAPY=0.

DIFMPY=0.
GO T0 59 ‘

c
499 DLYSIB(”)-DLVSIH(H)"RLVRD( I?Il ")

CLRSI.I(H)-CLRSIII(!I)OCLR?OT(I‘IIH m
500 CONTINUE

YRMXSNHe vmm.vss.mmmvs(m
HATIEN (M) =DLYSUN(N)SDAYS(K)

CLRAON(A
IF (KIND.£0.2.OR.KIND.£0. 4)G0 10 531
CO TO (581,682,533,524,535, 505, 587 )KSSN -
UiEs SotieT bERToED & SUASHILE
W&-ummmnamum.
FODIFIED SOLNET XSS FOR UARIOUS LOCATIONS FOR TRACKING coLt

c
S81

c
BLF?SR;S;-DLM(H IBCPTYSSINI-3D. 0765,
o <

60 T0
CUPRSIR)DLYSU(MIZ(PCTSS(M)-39. ) /70, .
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&0 70 590
584 gomsam (N )=DLYSUN(N)X(.SITIPCTSS(N)-30.)/79,
58S mgn;&-m.mmtu.osasxmssm)-a. )/65.
586 NDLPQSH&'DLM(H)“ +95243PCTSS(N)-30. )/ M.
587 DU’ﬂSﬂ(H)-DLVSIﬂ(l)!(.ml'CTSS(H)-Q. 1.
S90 YRPRSNeYRPRSH+DLPRSR(N)XDAYS

HRNTH(N ) =DLPRSH(R)XDAYS(N)
1600 CONTINUE

LAT=LATIDTR

TILY-TILTEDTR

AZI=AZISDTR

DO 1C22 1-1,12
1682 TTILT(I)=TTILT(1)SDTR
¢ SET UP GUTPUT MERDERS

GO TO (5901,592,503,504,595,586,507)KIND
501 WRITE(NOUT,S11)
ERITE(I0UT,$38)
838 FORRAT{//35X, ‘SESSOLRAD DATARSIX’)
SSI‘FORNABT&;;%.'I}I)REC'I INSOLATION FOR BEAN TRACKING COLLECTORS

521 URITE(NOUT,531) LAY
531 FORFWI'(IISX, ’LATITUDE= F9.4)

se2 lﬂITE(NGUT S12)

CRIVE(HhGUT,998)
SIQ‘F%;IEQ.'TOTQL SOLRR IKSOLATION FCR FIXED POSITION COLLECTORS
542 LRITE(NGUT,S52) LAT,TILT,AZ
552 FORRAT(/5X, ‘LAT IM&" F§.4 SX,’TILT=" F9.4,5X,’AZINUTH:’ F9.4)
s22 IF(IR.EQ.NIGO TO

CRITE(NSUT, 532)(RZFLT(J) J=1,13)
532 Egaﬁs ség’(. RONTHLY REFI.ECT&M:E VALUES ARE  ‘(12F3.2))

S03 URI?E(CSOUT,SB)
URITE(RSUT, 958)

513 FORRAT(//18X, ‘DIRECT SOLAR INSOLATION FOR ROTATING AZIRUTH TRACKIN
3G_COLLECTORS - BTUM/SGFT -’)

s23 i%I?E(NggT.SSZ) LﬂT.TlLT.th

504 WRITE(MOUT.514)
TE(NOUT,

998)
514 Fomﬂuxax.'to‘m SOLAR INSOLATION FOR MONTHLY TILT ADJUSTED COL .
SLECTORS (TILTLAT-DECL) - BYUH/SQFT -°

524 URITE(HOUT,534) LAT.AZI

534 FORSAT(/5X, ‘LATITUDE=" F9.4,5X, ‘AZIGUTHe* F9.4)

544 URITE(NOUT.S54)(TTILT(K),K=1,12)

554 romaﬂzsx, FILT/3X,FS5,1,3%,£5.14,3X,FS. 1§x FE.1,30F5.1,
xcas,rg. 5 3XF5.1,3K x,s5.1,3%,F5.1, 3%, F5.1, 3%, fS.

505 URITE(KOUT,515) A ,
URITE(NOUT,098)

S15 FORRAT(//23X, ‘DIRECT SOLAR INSOLATICN FOR FIXED POSITION COLLECTOR
€S - BTUN/SOFF -7) ~ o
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506 Iﬂ"E(W.SlG)
URITE (NOUT, 998 )

516 FORMAT(//13X, ‘DIRECT SOLAR INSOLATION FOR MONTHLY TILT ADJUSTED CO
l&E(ﬁMgg (f!f.T-M'I’-DECL - BTUN/SQFT -~

507 URITE(NOUT,568)

5¢8 FORRAT(//10X ‘DIRECT 1 msou‘nou FOR SOLAR ALTITUDE TRACKING COLLEC
1TORS FACING SOUTH- BTU/SOFT’
URITE (NOUT, 998)

URITE (ROUT, $70 )LAT
970 FORMAT(/15X, LATITUDE=",F9.4)
609 IF(IC.EQ.N)GO TO 611
URITE (NOUT 601 )LOC
601 FORFI!g‘;(/ . 15X, HONTHLY CLOUD COVER ADJUSTRENT UALUES ARE FOR CITY NO.
3 )
611 URITE(KCUT,610)
610 FORMT( 7/75%, ’TIME JAN FEB MAR APR MAY JUNE
LY AUG SEPT ocT NOV DEC’77)
N 950 1-1,13

IF(KIND. EG +OR.KIND.EQ.3.0R.KIND.EQ,.7)GO TO 662
WITE(gSOU‘I’ 603) TIRE(I), (CLRTOT(I,K),K=1,12)

602 URITE(NOUT,663) TIRECI) , (HRLYRD(I,K),Ke1,12)
950 CONTINUE
603 FORMAT( SX,n4,3X,FS5.0,3X,F5.0,3%,F5.0,3X,F5.9,3X,F5.0,3%,F5.0,3X,
%F5.0,3X,FS. 0 3x,F5.9,3X,F5.0,3K,F5.0,3%, F§.0)
WRITE (NOUT,613)
613 FORMAT (74X, ‘RAXIMUM CLEAR AIR DAILY INSOLATION - -BTU/SGFT’)
IF (KIND.EQ.1.0R.KIND.EQ.3.0R.KIND.EQ.7)G0 TO 604

684 URITE(HOUT,605)(DLYSUM(T), I=1,

605 FORMAT( 4X./DLYSM’,2X,F6.0,2X. rs.o.ex F6.0,2X, FE.0,2X,F6.0,2X,F6.9
3,2X,F6. o.ax.rs.o.ax F6.0,2X,F6.0,2X,F6.0,2X,F6.0)
URITE (NOUT, 697)

697 rmvux. ‘mAXINUM CLEAR RIR MONTHLY INSOLATION-BTU/SOFT* )
WRITE(NCUT,696 ) (HATHAX(1),1+1,12)" ~
IF (KIND.£Q.1.0R.KIND.EQ. 3. OR,KIND.EO 7)G0 TO 777
YRAXSH= CLRYI

777 URITE (NOUT,696 ) YRRXSH

606 FORMAT(4X, ‘RAXIMUN YEARLY INSOLATION - BTU/SOFT - «’F10.0)
IF(IC.KE.N)GO TO 698

696 FORMAT(11X,F6.0,2X,F6.0,2X,F6.0,2X,F6.0,2X, FE.0,2X,F6.9,2x,
1rs.063x6§;s.o.ax.rs’o.ax’rs.o,ax,rs'.o.ax'rs. ’

698 URITE (NOUT,GO
607 quux. PRODMLE DAILY_ INSOLATION DUE TO CLOUD COVER’)
u}ffgmom % (DLPRSA(I),1-4,12)

- 695 lFWMMX. )W MONTHLY INSOLATION DUE TO CLOUD COVER
ulfzcmm’.sos)(mm 1-1,12)
JYRPRSH

URITE (ROUT,
608 FORRAT (4X, ‘FROBABLE YEARLY INSOLATICN - BTU/SOFT - =’F10.6)

CALL TPAUSE .
WRITE(1,700) ‘ :



o€

739 FORPAT(IX, IS ANOTHER RUN DESIRED? (Y OR N)*)
KEAD(1, 701218

701

L6?.,71.,89.,89.,987.,106.,165

FORMAT (141

lF(Il.EO.N) CLOSE(UNIT=6,DISPOSE«'PRINT’ )
IFC(IB.EQ.N) §

IF (MUT.EO 6) URITE(G,800)

FORMAT (1

CALL

GO T0 1

END
SUSROUTINE SUNSHN(LOC,PCTSS,KSSA)

DIRENSION PCTS(14 243

DIFEMSION PCTSS(12 TX(14.90).PCTV(44,68)
EGUIVALENCE (PCTS(1, 61) PCTX(1
sauxuansucstrctscx 181),PCTV(4, n))

DATA PCTS/

ess..ss.,sa..71..72..73.,71..74..74..75..71..sa..aa.sv.a..

rs2.,63.,€6.,72.,72.,7
¢59.,69.,65.,72.,73.,75.,72.,74.

1.,67.,69.,7 1..76..73..64.,3
273:,77,., 3..64.,32.33 e

.aOO
[ M- 4

. 68..69.,74..79..81..81..?8..78.,74..69.,45 33,3.,

Esa..ﬁao.GSo, 8.,75..89-. 9..80.,78.,79..73..
F83.,84.,89.,99.,1 ©4.,97.,63 .,102
..84.,8 8..96.,1 2-, 04..93-,33
HES.,E5.,892.,99.,103.,104.,91.,83.,
185..84.,89 ,97.,131 03.,93..@2.,199
Jg?.,87.,93.,101.,1 03.. 87.,S5. ,99.,103
KSQ..SS.,GZ.,70.,72..74.,71.,7liégs.. o.GS.,
Rgﬂo.go 87.,96o.99-,104..102..113-.ﬂ0 -.97
n22.,80 .,88.,97.,103..19:..102-.
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TABLE 1. ASHMET PROGRAM CITY LIST

NO. STATION AND STATE LtatA® | No. STATION AND STATE LATA® | NO. STATION AND STATE LAT.AC
1 BIRMINGHAM, AL 33.57 46 W. PALM BEACH, FL 26.68 91 |SAULT STE. MARIE, M| 46.47
2 MOBILE, AL 30.68 47 ATLANTA, GA 33.65 92 |TRAVERSE CITY, M} 4473
3 MONTGOMERY, AL 32.30 48 | AUGUSTA, GA 33.37 93 |DULUTH, MN 46.83
4 FT. SMITH, AR 35.33 49 MACON, GA 32.70 94 |INTERNATIONAL FALLS, MN| 48.57
5 LITTLE ROCK, AR 34.73 50 SAVANNAH, GA 3213 95 |MINNEAPOLIS—ST.PAUL, MN | 44.88
6 PHOENIX, AZ 33.43 51 BURLINGTODN, 1A 40.78 96 |ROCHESTER, MN 43.92
7 PRESCOTT, AZ 34.65 52 DES MOINES, 1A 41.53 97 |COLUMBIA, MO 38.82
8 TUCSON, AZ 32.12 53 DUBUQUE, IA 42,50 98 | KANSAS CITY, MO 39.30
9 WINSLOW, AZ 35.02 54 MASON CITY, IA 43.15 99 |SPRINGFIELD, MO 37.23
10 YUMA, AZ 32.67 55 SOUIX, CITY, IA 42.40 100 |ST. LOUIS, MO 38.75
1 ARCATA, CA 40.98 56 BOISE, ID 43,57 101 |JACKSON, MS 32.32
12 BAKERSFIELD, CA 35.42 57 LEWISTON, 1D 46.38 102 | MERIDIAN, MS 32.33
13 CHINA LAKE, CA 35.68 58 POCATELLD, ID 42.92 103 | VICKSBURG, MS 32.33
14 DAGGETT, CA 34.87 59 CAIRO, IL 37.07 104 |BILLINGS, MT 45.80
15 EL TORO, CA 33.67 60 CHICAGO, IL 41.78 105 | CUT BANK, MT 48.60
16 EUREKA, CA 40.80 61 MOLINE, IL 41.45 106 |{DILLON, MT 45.25
17 FRESNO, CA 36.77 62 SPRINGFIELD, IL 39.83 107 | GLASGOW, MT 48.22
18 LONG BEACH, CA 33.82 63 EVANSVILLE, IN 38.00 108 [ GREAT FALLS, MT 47.48.
19 LOS ANGELES, CA 33.93 64 FORT WAYNE, IN 41.00 109 | HAVRE, MT 48.55
20 MT. SHASTA, CA 41.32 65 INDIANAPOLIS, IN 39.73 110 | HELENA, MT 46.60
21 NEEDLES. CA 34.77 66 SOUTH BEND, IN 41.70 111 | KALISPELL, MT 48.20
22 OAKLAND, CA 37.73 67 CONCORDIA, KS 39.57 112 | LEWISTON, MT 47.05
23 PT. MUGU, CA 34.12 68 DODGE CITY, KS 371.77 113 | MILES CITY, MT 46.43
24 RED BLUFF, CA 40.15 69 GOODLAND. KS 39.37 114 | MISSOULA, MT 46.92
25 SACRAMENTO, CA 38.52 70 TOPEKA, K3 39.07 |- 115 | ASHVILLE, NC 35.43
26 SAN DIEGO, CA 32.73 7 WICHITA, KS 37.65 116 | CAPE HATTERAS, NC 35.27
27 SAN FRANCISCO, CA 37.62 72 LEXINGTON, KY 38.03 117 | CHARLOTTE, NC 35.22
28 SANTA MARIA, CA 34.90 73 LOUISVILLE, KY 38.18 118 | CHERRY POINT,NC 34.90
29 SUNNYVALE, CA 37.42 74 BATON ROUGE, LA 30.53 119 | GREENSBORO, NC 36.08
30 COLORADO SPRINGS, CO 38.82 75 LAKE CHARLES, LA 30.17 120 | RALEIGH—DURHAM, NC 35.87
N DENVER, CO 39.75 76 NEW ORLEANS, LA 29.98 121 | BISMARK, ND 46.77
32 EAGLE, CO 39.65 77 SHREVEPORT. LA 3247 122 | DEVILS LAKE, ND 48.12
33 GRAND JUNCTION. CO 39.12 78 BOSTON, MA 42.37 123 | FARGO, ND 46.90
34 PUEBLO, CO 38.28 79 BALTIMORE, MD " 39.18 124 | MINOT, ND 48.27
35 HARTFORD, CT 41.93 80 PATUXENT RIVER, MD 38.28 125 | WILLISTON, ND 48.17
36 WASHINGTON, DC 38.85 81 BANGOR, ME 44.80 126 | GRAND ISLAND, NE 40.97
37 WILMINGTON, DE 39.67 82 CARIBOU, ME 46.87 127 | LINCOLN, NE 40.85
38 APALACHICOLA, FL 29.75 83 EASTPORT, ME 44.90 128 | NORTH OMAHA, NE 41.37
39 DAYTONA BEACH, FL 29.18 84 PORTLAND. ME 43,65 129 | NORTH PLATT, NE 41.13
40 JACKSONVILLE, FL 30.50 85 ALPENA, MI 45.07 130 | SCOTTSBLUFF, NE 41.87
! KEY WEST, FL 24.55 86 DETROIT, Mi 42.42 131 | CONCORD, NH 43.20
42 MIAMI, FL 25.80 87 FLINT, MI - 42,97 132 | ATLANTIC CITY, NJ 39.45
43 ORLANDO, FL 28.55 88 GRAND RAPIDS, M1 42.88 133 | LAKEHURST, NJ 40.03
a4 - TALLAHASSEE, FL 30.38 89 HOUGHTON, Mi 47.17 134 | NEWARK, NJ 40.70
45 TAMPA, FL 27.97 90 MARQUETTE, MI 46.57 135 | ALBUQUERQUE, NM 35.05
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TABLE 1. CONCLUDED

NO. STATION AND STATE LATA® NO. STATION AND STATE LATA® | NO. STATION AND STATE LAT.A?

136 | CLAYTON, NM 36.45 180 | HARRISBURG, PA 40.22 223 NORFOLK, VA 36.90

137 FARMINGTON, NM 36.75 181 PHILADELPHIA, PA 39.88 224 ICHMOND, VA 37.50

138 | ROSWELL, NM 33.40 182 | PITTSBURG, PA 40.50 225 ROANOKE, VA 37.32

139 | TRUTH OR CONSEQUENCES, 33.23 183 | WILKES—BARRE— 226 3URLINGTON, VT 44.47
NM SCRANTON, PA 41.33 227 JLYMPIA, WA 46,97

140 | TUCUMCARI, NM 35.18 184 | SAN JUAN, PR 18.43 228 SEATTLE-TACOMA, WA 47.45

141 ZUNI, NM 35.10 185 | BLOCK ISLAND, RI 41.17 229 SPOKANE, WA | a7.88

142 ELKO, NV 40.83 186 | PROVIDENCE, RI 41.73 230 TATOOSH ISLAND, WA 48.38

143 ELY, NV 39.28 187 | CHARLESTON, SC 32.90 231 | WALLAWALLA, WA 46.08

144 LAS VEGAS, NV 36.08 188 | COLUMBIA, SC 33.95 232 WHIDBEY ISLAND, WA 48.35

145 LOVELOCK, NV 40,07 189 | GREENVILLE- 233 YAKIMA, WA 46.57

146 RENO, NV 39.50 SPARTANBURG, SC 34.90 234 EAU CLAIRE, Wi 44.87

147 TONOPAH, NV 38.07 190 | HURON, SD - 44.38 235 GREENBAY, Wi 44.48

148 | WINNEMUCCA, NV 40.90 191 PIERRE, SD 4438 236 LA CROSSE, W| 43.87

149 YUCCA FLATS, NV 36.95. 192 | RAPID CITY, SD 44,05 237 MADISON, Wi 43.13

150 ALBANY, NY 42,75 193 | SOUIX FALLS, SD 4357 | 238 MILWAUKEE, Wi 42.95

151 | BINGHAMTON, NY 42.22 194 | CHATTANOOGA, TN 35.03 239 CHARLESTON, wv 38.37

152 BUFFALO, NY 42,93 195 [ KNOXVILLE, TN 35.82 240 ELKINS, WV 38.92

153 CANTON, NY 44.60 196 [ MEMPHIS, TN 35.05 241 HUNTINGTON, WV 38.37

154 MASSENA, NY 44,93 197 NASHVILLE, TN 35.12 242 PARKERSBURG, WV 39,27

155 NYC (CENTRAL PARK), NY 40.78 198 | ABILENE, TX 3243 | 23 CASPER, WY 42.92

156 NYC (LA GUARDIA), NY " 40.77 199 | AMARILLO, TX 35.23 244 CHEYENNE, WY 41.01

157 ROCHESTER, NY 43.12 200 | AUSTIN, TX 30.30 245 LANDER, WY 42.80

158 SYRACUSE, NY 43.1z 201 BROWNSVILLE, TX 25.90 246 ROCK SPRINGS, WY 41.60

159 AKRON—CANTON, OH 40.92 202 [ CORPUS CHRISTI, TX 22.77 247 | SHERIDAN, WY 44.77

160 | CINCINNATI, OH 36.07 | 203 | DALLAS, TX 3285 | 248 | YELLOWSTONE PARK,WY | 44.42

161 CLEVELAND, OH 41.40 204 | DELRIO, TX 29.37

162 COLUMBUS, OH 40.00 205 | ELPASO, TX 31.80

163 DAYTON, OH 39.90 206 | FORT WORTH, TX 32.83

164 TOLEDO, OH 41.60 207 | GALVESTON, TX 29.30

165 YOUNGSTOWN, OH 41.27 208 | HOUSTON, TX 29.98

166 OKLAHOMA CITY, OK 35.40 209 | KINGSVILLE, TX 27.52

167 TULSA, OK 36.20 216 | LAREDO, TX 27.53

168 - | ASTORIA, OR 46.15 211 | LUBBOCK, TX 33.65

169 BAKER, OR 44.83 212 | LUFKIN, TX 31.23

170 BURNS, OR 43.53 213 | MIDLAND-ODESSA, TX 31.83

17 MEDFORD, OR 42.37 214 | PORT AUTHUR, TX 29.95

172 NORTH BEND, OR 43.42 215 | SAN ANGELO, TX 31.37

173 PENDLETON, OR 45.68 216 | SAN ANTONIA, TX 29,53

174 PORTLAND, OR 45.60 217 | SHERMAN, TX 33.72

175 REDMOND, OR 44.27 218 WACO, TX 31.62

176 ROSEBURG, OR 43.22 219 | WICHITA FALLS, TX 33.97

177 SALEM, OR 49.44 220 | BRYCE CANYON, UT 37.70

178 ALLENTOWN, PA 40.65 221 CEDAR CITY, UT 37.70

179 ERIE, PA 42,08 222 | SALT LAKE CITY, UT 40.77




Lo

0.30
0.30
0.30
0.30
0.30

NOoOMbAWN

0.70

0.70

0.65
0.70
0.70

1.00
1.10
0.95
1.05
1.15

e

N DAKOTA
INNESOTA -
N e
. | ?
S. DAKOTA WISCONSIN / o ‘g
MICHIGAN ' g
VANIA Y
e i N.J
NEBRAS ' .
o MD- DEL
ILLINOIS JNDIAN , .
IRGINI
VIRGINIA.
KARSAS .
Mo KENTUCKY
| 'N.CAROUNA
TENNESSEE
OKLAHOMA ARKANSAS S CAROLIN
miss. | ALABAMA GEORGIA
TEXAS
LOUISIANA
L)
1)
%
%

FIGURE 1. AREAS CF CONSTANT COEFFICIENTS IN EQUATION (6).
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DEFINE OUTPUT DEVICE

INPUT 1 FOR TERMINAL OR

INPUT 6 FOR LINE PRINTER

1 i

INPUT LATITUDE DEG

38.85

INPUT TILT ANGLE FROM HORIZONTAL DZG

50.

INPUT AZIRMUTH ANGLE DEG © DUE SOJTH + UEST - EAST
-100

IS GROUND REFLECTANCE DESIRED? (Y OR N) _

DO YOU DESIRE CLOUD COVER CQLCULATIONS? (Y OR N)

IS CITY LOCATION NUABER KNOWN? (Y OR N)
Y
INPUT CITY LOCATION NUFMBER
36
SELECT TYPE OF COLLECTOR:
BEAM TRACKER
FIXED POSITION FLAT PLATE WITH TOTAL INSOLATION
AZIMUTH TRACKER - DIRECT INSOLATION ONLY ‘
MONTHLY TILT ADJUSTED FLAT PLATE WITH TOTAL INSOLATION
FIXED POSITION FLAT PLATE - DIRECT INSOLATION 'ONLY
MONTHLY TILT ADJUSTED FLAT PLATE - DIRECT INSOLATION ONLY

O N AWNr

N

FIGURE 2. SAMPLE INPUT FOR ASHMET (FROM REMOTE TERMINAL)

4y
3
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TOTAL SOLAR INSOLATION FOR FIXED POSITION COLLECTORS - BTUW/SQFT -

SSIASHRET DATAZIX

LATITUDE= 38.8500 - TILT: 50.0000 AZINUTH: -10.0009
’ RONTHLY CLOUD COVER ADJUSTMENT VALUES ARE FOR CITY N 36

TIRE JAN fED AR APR NAY JUNE

v

6AN 0. e. = O, 15. a3. 24,
m 0- " 29. 760 860 850 830
8AN 103. 151. 166. 160. 150. 145,
9AN 207. 234. a38. az22. 2e7. 198.
16A0 268. 289. 289. a67. c48. axr.
11A8 300. J18. 6. ase. a7e. as8.
12PR Jo4. 3e1. 318. 293. an. as59.
1PA ast. 297. 295. a7e. és1. 241.
aPn a234. 250. 249, 230. 213. 204.
3ra 163. 183. 185. i72. 159. 153.
4PN 70. 160. .= 1e8. 103. 96. 93.
SPH 0. 13. R. | 34. 3. 3z2.
6PN 0. 0. 0. 0. e. 0.

RAXIMUN CLEAR MR DAILY INSOLATION - BTU/SQFT
DLYSR 1931. 2186, 2272, 2145. 2005. 1929.
MAXINUN YEARLY INSOLATION - BTU/SOFT - =  743899.

PROliLE DAILY. INSOLATION DUE TO CLOUD COVER

1101. 1246. 1363. 1373. 1343. 1389.
PRODABLE YEARLY IW‘I’IN ~ BTU/SGFT - = 488997,

-

JuLy

e3.
84.
147.
cez.
c4e.
264.
265.
246.
ces.
157.
95.
34.

1969.

1398,

AG

1477,

1251.

- FIGURE 3. - SAMPLE OUTPUT FOR ASHMET (FROM REMOTE TERMINAL)
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