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ABSTRACT

A number of errors have been detected in the FCHART/SLR computer code as
it pertains to the thermal performance of passive solar energy systems. Along
with minor coding changes, major revisions in the code have been made to
improve the computer models used to predict the effects of overhangs on
incident solar radiation and the radiation absorbed in attached sunspaces.
Modifications to the code were also made to improve the handling of mullions
and to reduce the effort required to describe the placement of overhangs. The
theoretical basis of these changes, along with the associated alterations to
the code, are given. For the cases examined, the program as modified now
agrees to within 15% of published LANL passive system performance
correlations. This new code has been designated as Version 2.1 -and is
presently operational at SSEC.
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MODIFICATIONS TO THE FCHART/SLR
VERSION 2.0 PROGRAM

INTRODUCTION

The FCHART/SLR program was developed to predict the performance of both
active and passive solar energy systems (reference 1). The program is a
modification of the FCHART program developed by the University of Wisconsin, a
computerized version of the f-chart active solar system correlations. The
FCHART/SLR program basically uses the environmental data and radiation
processor existent in the original FCHART program and applies this information
along with an additional thermal description of the passive structure to the
Los Alamos National Laboratory (LANL) Solar Load Ratio (SLR) performance
correlations for passive solar systems. The types of passive systems that can
be modeled are direct gain, Trombe wall, water wall, and attached sunspaces.
The program can be used exclusive of or in conjunction with the active solar
system portion of the program. The Northeast Solar Energy Center (NESEC) in
conjunction with Total Environmental Action, Inc. (TEA) developed the
FCHART/SLR program and has released a user's manual (reference 2) that gives a
good description and discussion of the operation of both the active and
passive solar systems and their inherent limitations.

Since the implementation of this program at the Southern Solar Energy
Center (SSEC), a number of problems with the passive portion of the program
were noticed. This led to a systematic examination and verification of the
operation of all passive system performance routines in the FCHART/SLR Version
2.0 program. As a result it was found that, as released to SSEC, the
FCHART/SLR code did not accurately predict the performance of passive solar
systems for all reasonable input requirements when compared to the performance
correlations published by LANL. This is especially true for the most recent
addition to the program, the performance of attached sunspaces. A number of
code revisions have been made at SSEC to reduce the discrepancy between LANL
performance predictions and the program results. For all cases run, the
present SSEC version of the FCHART/SLR program agrees with published data to
within 15%. This degree of confidence is expected for any passive system
design conforming to the assumptions published by LANL and obeying normal
passive design practices as outlined in Volume 1 of the Passive Solar Design

Handbook (PSDH).

This is a report of the problems found to date in and modifications made
to the FCHART/SLR code at SSEC. Since each section deals with essentially a
separate subject, the main body of the report may appear rather disjointed.
However, the nomenclature has been developed as consistently as possible
considering the diversity of the subject matter. It is hoped that the
included nomenclature 1ist will be of value in reducing the confusion of
addressing a number of rather complex problems. A brief description of the
major problems encountered is given below with a more detailed derivation of
the changes and necessary code revisions given in the Appendices. -



PROGRAM REVISIONS

Adjustments of the computer code arise from two types of problems, coding
errors and model errors. Coding errors are mistakes in the implementation of
a particular computer model due to either mistakes in translating a physical
problem into a computer model by the programmer or mistakes in generating the
code once it has been developed by the programmer. Such problems are to be
expected for a program of the size and complexity of FCHART/SLR. The best
cure for any remaining coding errors is extensive use of the program with a
constant feedback to the originator of the code.

Model errors are due to problems in the physical model from which the
computer code is generated. This is a more serious problem for several
reasons. The first is that the nature of any discrepancy between the results
given by the program and the desired results is not easily determined. Upon
initial identification of a problem area, there may be no way to discern
between a model error and a coding error. A full working knowledge of both
the code and the theoretical model is required. The second reason is that,
once it has been determined that a model error exists, a new computer model
must be developed to describe the desired process. This often requires an
adaptation to the <code that was not foreseen wupon - its original
implementation. The final probiem with model errors is that a ready solution
may not exist. Theoretical models developed by LANL (references 3 and 4) upon
which the passive features of the FCHART/SLR program are based are rather
restrictive in scope. In order to provide a generalized approach to the
prediction of passive system performance suitable to a computer code, the
program uses its own theoretical models to reproduce results from LANL
theoretical models. The difference between these two methods of reproducing
the same information is open to question and differing interpretations.

An example of these two types of problems is given in Figure 1. In this
figure the solid line is the annual Solar Savings Fraction (SSF) versus the
Load Collector Ratio (LCR) as determined for an attached sunspace in Atlanta,
Georgia based on the LANL type (a) geometry (shown in Appendix C, Figure C-1)
and as discussed in Reference 5. Particular care was taken to maintain the
same geometry and sunspace thermal loss as given in the published LANL data,
since these directly impact the Load Collector Ratio. The data points shown
as triangles in Figure 1 show the results obtained using the FCHART/SLR
Version 2.0 program as initially received at SSEC. It is noted that the
agreement is not considered adequate in this case.

Based on concern over the lack of agreement (illustrated by the triangle
shaped data points), a detailed examination was made of the code. This
resulted in identification of several coding errors that resulted from the use
of implicit integer variable names as real variables. A correction to these
problems gave improved results as indicated by the data points shown as
squares in Figure 1. This shows better agreement with the correlation trend
(solid 1ine), but it is evident that further improvement is needed.



This led to more extensive examination of the code and the theoretical
model used. It was concluded that changes were required to improve the
accuracy of the radiation processor used in the model. This was done with the
result shown by the circular data points plotted in Figure 1. In this
particular case the agreement is now quite good.

A summary of the model changes implemented in SSEC's version of FCHART/SLR
is given below. Although most were made to qimprove the accuracy of the
program in predicting published results of the LANL SLR method, some were made
for convenience of use. Other modifications to the code were made to reduce
the program size and run time, which may not be compatible with other
operating systems. These changes have no effect on the program operation and
will only be mentioned as they apply to any coding changes made to alter the
program results. The changes in the code due to model changes are included in
the appendices.

Shading

The original shading algorithm in FCHART/SLR version 2.0 was patterned
after that in Version 1.0. The constant shading and monthly shading routines
operate as before. Because of coding problems, a misrepresentation of the
1/arctangent as arctangent, the autoshade option did not operate properly. A
correction of this problem resulted in the shading routine operating the same
as that in Version 1.0.

Further modifications were introduced to facilitate the use of the
autoshade option. Originally, the user was required to input the fraction of
the glazing area shaded at the winter and summer solstices. Several hand
calculations were necessary to determine these values from working drawings of
the structure to be modeled. Rather than using these two variables, the user
is now required to input the separation ratio, and overhang ratio, as used in
the PSDH Vol. 2. This requires only the division of three numbers readily
avaiTabTe from the working drawings. These changes are shown in Appendix A.

Perhaps the most significant change in the handling of shading in the
FCHART/SLR program has been in the application of the shading factor to the
incident radiation. Both Versions 1.0 and 2.0 of the.FCHART/SLR program
app}i?$ a calculated shading fraction to the radiation absorbed by a surface
as follows: '

Iabs = fshade labs, ns

Where:

absorbed radiation

Iabs

fshade = average monthly non-shaded fraction

Iabs, ns = radiation that would be absorbed if no shading was
' present



The problem with this model is that the monthly shading fraction is determined
by calculating a shade line on the transparent glazing based on the average
monthly sun position. In this case, the shading fraction is only the fraction
of the beam radiation incident on the glazing surface, not the total
radiation. The program was modified to include the effects of shading on
diffuse and reflected components of radiation as follows:

Iabs = Ipeam fshade ™“beam

+ To4if(lgif * Ipef)
Where:

Iabs is given above,
Ipeam = the beam radiation,

fshade 15 inen above,

T0heam = the transmittance-absorptance product for the beam
radiation,
Tadif.'=- the transmittance-absorptance product for the diffuse

radiation, and

Iqif and Ipef = the incident diffuse and ref]ected
insolation respectively.

. A check of this modification was made by comparing predicted values of
incident . radiation from the program for various shading values to those
obtained from the PSDH Vol. 2. Agreement between the two methods for those
months in which heating loads would normally occur was good over a wide range
of climatic conditions. Figure 2 shows typical results for Atlanta, Georgia.
Coding changes required to implement these changes are shown in Appendix B.

Attached Sunspaces

One of the improvements of Version 2.0 of FCHART/SLR over Version 1.0 is
that Version 2.0 incorporates the latest LANL sunspace model. Unfortunately,
the attempt to extrapolate the model to include geometries other than the two
published by LANL was not totally successful. After exténsive examination of
the program and the LANL correlation equations, it was found that a major
discrepancy existed between radiation values used by the program and those
published by LANL.

The essence of this discrepancy was twofold. The first problem was in the
radiation processor used to predict the radiation absorbed in a sunspace with
insulated end walls. The program as received from NESEC always considered the
radiation striking the end walls as absorbed radiation in the sunspace whether
or not the end walls were glazed or insulated. A modification of the code to
eliminate this problem made a vast improvement in the ability of the program
to reproduce the LANL-published estimate of the sunspace performance for



geometry (a) with insulated end walls. However, the other geometry .types
still produced extremely optimistic performance results. This discrepancy was
the result of a model error in the sunspace radiation processor. The problem
was essentially the inability of the program to account for radiation losses
from the attached sunspace. '

Subsequent discussions with LANL indicated that the thermal performance
equations for the sunspace geometries were based on the published radiation
correlations and were thus an integral part of the model. An examination of
the PASOLE program used to develop the radiation correlations published by
LANL (reference 5) led to changes in the sunspace radiation processor,
resulting in a reduction in the discrepancy between absorbed radiation
predicted by FCHART/SLR and those published by LANL as shown in Appendix C.
At present, the modified FCHART/SLR program is able to predict published"
sunspace performance to within 15%, as shown in Figures 1 and 3. .

It should be noted that LANL has released performance equations based only
on two geometry types. Although the FCHART/SLR program has been developed to
accept a much wider range of sunspace designs, any design other than those
published by LANL cannot at this point be verified. Until further work is
done to generalize the geometric effects on sunspace performance so that more
geometries can be tested, the results obtained from the sunspace segment of
FCHART/SLR should be treated with caution.

Mullion Effects

Both Versions 1.0 and 2.0 of FCHART/SLR have included a factor for each
passive system to take into account the fraction of the gross glazing area
covered by mullions. The effect of this factor has been to reduce the amount
of absorbed radiation by an equivalent fraction. Hand checks at SSEC of
Version 1.0 and 2.0 with small mullion factors (on the order of 5%) with
results published in the PSDH Vol. 2 originally indicated this to be an
appropriate way to account Tor mullions. A subsequent run of the Version 2.0
program for an SSEC case study with an unusually high mullion factor (23%)
produced a much lower annual SSF than expected (9% compared to an expected
30%). Monthly hand calculations using the above handling of mullions led to
the same low annual SSF.

At this point, we questioned the use of a mullion factor to simply reduce
the absorbed radiation. A mullion was seen to operate as a non-glazed portion
of the south facing wall. 1In this respect its effect on a passive system was
two-fold. First, and most obviously, a mullion reduces the transparent
glazing surface. This has partially been accounted for by the reduction of
the absorbed radiation as previously discussed. It also affects such
glazing-area-dependent variables as the LCR. This was not accounted for by
the program and was subsequently changed.

A second effect was that, since the mullions do not transmit radiation to
the structure yet still act as a thermal loss, they should not be treated as
adiabatic south glazing. In this respect, the mullion thermal losses should
go to increase the overall Building Load Coefficient (BLC). The FCHART/SLR



program was thus modified to increase the BLC by a factor qua] to the mullion
area times a mullion U-value. A value of 0.5 Btu/hr - ft¢ - OF was chosen
as a typical heat loss value for the mullions. This modification was used for
direct gain, Trombe wall, and water wall systems only, since any mullion
thermal losses in a sunspace are already accounted for in the sunspace LCRg
and do not affect the BLC. Overall losses from the solar system as they
affect the non-solar degree days are also assumed to be unaffected by the
addition of mullions.

With the addition of these modifications to the FCHART/SLR program, the
annual SSF for the case study increased from 9 to 27%, much closer to an
expected value of 30%.-

Coding Errors

A list of the coding errors found at SSEC in implementing FCHART/SLR on
the Cybernet is given in Appendix D.



CONCLUDING REMARKS

One purpose of the FCHART/SLR program is to reduce the work required to
estimate the thermal performance of passive solar energy systems using the
LANL performance correlations. The modifications to the FCHART/SLR computer
code made at SSEC has improved the ability of the program to reproduce
published LANL performance predictions. Where possible, the accuracy of these
changes has been documented in this report. At this point, test runs of the
program indicate that, with the revisions, the program will reproduce the LANL
performance estimates, given the same design data, to within 15%. This
modified code has been designated Version 2.1 and is presently at use at SSEC.

It is important to note that the program should only be used to
facilitate the use of the LANL design procedures. A prediction of passive
system performance occurs only when the LANL design method is applied properly
through the program to the particular solar system design. This requires a
thorough understanding of the assumptions and limitations of the LANL passive
solar design methodology to assure proper results from the program.

One of the unfortunate aspects of the flexibility of the FCHART/SLR
program is that it provides a simple means of extrapolating the LANL design
" procedures beyond their established bounds of applicability. Although the
result from the program may prove valid in such an extrapolation, there is no
a priori guarantee of the results. Any passive system design requiring
thermal analysis that does not fit the published LANL model constraints should
be examined with more sophisticated thermal network software such as PASOLE,
SUNCAT, CALPAS, or DEROB.

The FCHART/SLR version 2.0 program also contains options allowing the
modeling of active solar systems and the economic evaluation of both active
and passive solar systems. As of yet, no effort at SSEC has been made to
verify the operational status or accuracy of these options. ‘
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(a) insulated end walls in Atlanta, Georgia compared to FCHART/
SLR program predicted values as received (triangle), with coding
errors eliminated (square), and as now operating after modifica-
tions to the radiation model (open circles).
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10



[ R —

Iabs
Iabs, ns

Ibeam
Igif

Iinck B

Iref

Itrank
LAT

LCR

LCR

NOMENCLATURE LIST

absorptivity of surface j
glazing area of sloped surface of LANL sunspace geometry (b)
glazing area of vertical surface of LANL sunspace geometry (b)

Building Load Coefficient as defined in Vol. 2 of the Passive
Solar Design Handbook

view factor from surface j to surface k
summer shading fraction used by FCHART/SLR version 2.0

average monthly unshaded fraction of an equitorial-facing
glazing surface

winter shading fraction used by FCHART/SLR version 2.0
height of a vertical glazing surface

instantaneously absorbed so]ér radiation in a sunspace
absorbed solar radiation ih a sunspace over a month

solar radiation absorbed in a passive solar system with shading
present '

solar radiation absorbed in a passive solar system with no
shading present

beam solar radiation incident as a glazing surface
diffuse solar radiation incident on a glazing surface
incident solar radiation on transparent surface k

solar radiation absorbed in a sunspace due to radiation incident
on surface k

reflected solar radiation incident on a glazing surface
solar radiation transmitted through transparent surface k
Latitude in Degrees

Load Collector Ratio as defined in Vol. 2 of the Passive Solar
Design Handbook

Load Collector Ratio for a sunspace as defined in reference 5

11



0 overhang distance for a window overhang

OH ratio of overhang distance to glazing height for a shaded window

S vertical separation distance between overhang and top of window
for a shaded window '

SLR Solar Load Ratio as defined in Vol. 2 of the Passive Solar
Design Handbook

SP ratio of separation distance to glazing height for a shaded
window

S§ Solar Savings Fraction

XS shade line position measured from the top of a window of summer
solstice ’

XW shade line position measured from the top of a window atithe

winter solstice

Greek symbols

a surface absorptance

0. transmittance absorptance product

0 oam transmittance absorptance prbduct for beam radiation

Toys ¢ transmittance absorptance product for diffuse'(and isotropically

reflected) radiation

12
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APPENDIX A

Use of Overhang and Separation Ratios in the Autoshade Algorithm

The original FCHART/SLR program used two parameters in its autoshade
model, the fraction of the glazed surface shaded from direct radiation during
the winter solstice, FW; and the fraction of the glazed surface shaded from
direct radiation during the summer solstice, FS. It was tacitly assumed that
the glazing is south facing. It was desired to use the overhang, OH, and
separation ratios, SP, as defined in the PSDH Vol. 2 rather than FW and FS.
This required the development of a functional relationship between the two
sets of variables. Figure A-1 shows a typical shading geometry and the
physical meaning of the variables FW, FS, OH, and SP.

During the winter solstice at solar noon, XW, S, and 0 can be related as
follows:

tan(LAT + 23.450) = O/(XW + S), (A-1)
where LAT is the latitude of the ‘'glazing surface.

Solving for XW in terms of O and S gives:

XW = 0/tan(LAT + 23.459) - S. (A-2)
Now, for FW = XW/H, then FW is related to SP and OH by:
FW = OH/tan(LAT.+ 23.45) - SP. (A-3)

A similar derivation can be applied to summer shading to yield FS in terms of
OH and SP as:

FS = OH/tan(LAT - 23.45) - SP. (A-4)

The changes incorporated into the computer coding and data file due to
the alteration of these variables are shown in Table A-1.

It should be noted that this shading model (and the original auto-shade
model) only applies to zero-azimuth-south-facing glazing. For small changes
in azimuth angle (plus or minus 15 degrees), the effects of a non-zero azimuth
angle are small, and the model provides acceptable results. For large
non-south swings, hand calculations should be made of the monthly shading
fraction (weighted by solar flux) and the monthly option used.

14
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LISTING A-1:" Changes in FCHART/SLR coding (subroutine shade) and data file
due to implementation of shading and overhang ratios.

Original coding and typical data file listing.

544D1 =P ISTLISYS,11)
54£202=2L15T(15Y5,12)

U9 SHAOING=34AD1 ¢ (SHAD2-5344D1)¢FALTY
2313 42

VOND SHADINS/ZAUTD 14440 0.0

.
-

L

"
il <

f)
IR b

o

-
I Mm
i
=1

(a0 2 |
[ ]

¢ 4 6 ¢ ¢ & 4 6 8 4 2 bt b 2t e

AN
13

« ¢

I =t
=1 .4
[ SRV

"t

LILE I {2
"o
won

Modified coding and data file.

C..4-30-81 JMH SHADE MODIFIED TO ACCEFT OVERHANG AND SEFRATION VALUES

C..AS FER FSHE VOL 2.

C..FPLIST(ISYS»11) NOW EQUAL TO QVERHANG RATIO

Co o PLISTC(ISYS,»12) NOW EQUAL TO SEFARATION RATIO
SHADLI=FLIST(ISYS»11)/TANC((ALAT+23.45)XD2RI-PLIST(1SYSs12)
SHAD2=FLIST(ISYSy»11)/TAN((ALAT-23.45)*%D2R)-FLIST(ISYS,»12)

19 SHADNG=SHAD14+(SHAD2-SHAD1)XFALTV

GOTO 40
F1 11 JANUARY SHADING/YEAR-ROUND SHADING/OVERHANC.. 0.00
1 12 FERRUARY SHADING/SEFARATION s ecrvevesvesvonn 0.00

Note: Changes to the data file must be made for all systems in both the
parameter description field and default input values..
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APPENDIX B

Application of Shading Value to Absorbed Radiation

An explanation of the modification of the absorbed radiation due to
shading has been given in the main body of the report. Implementation of this
modification effects two subprograms in FCHART/SLR, subroutine PCALSO and
subfunction RBAR. A common block "“TB" was set up to pass the necessary
variables out of RBAR into PCALSO. The addition of a separate common block
was used out of convenience and may be changed to blank common if required.
The following Listing B-1 shows the coding modifications to PCALSO. Listing
B-2 gives the modifications to RBAR.

7
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o000

LISTING B-1 Modifications to subroutine PCALSO

Qriginal coding

NG=
AESORF=FLIST(ISYS.5)
Z= AREA*REAR(HONTH;XLATTIrTILT,A’IﬁUT H(MONTH)Y s RHOC(MONTH) yNGsATH: T
1ARAT» TARAR»1)
IF (ITYFE .NE. 4) GOTO 10
HERE TO COMFUTE Z FOK SUNSFACES. WE IO IT BY RUNNING REAR THREE
TIMES: ONCE FOR EACH SURFACE (TILTED, VERTICAL AMD ENDWALLS). SINCE
THERE ARE 2 ENDWALLS, WE COUNT THEW TWICE. THE Z FKON AEOVE 1S USE!:L
HAFFENS TO EE THAT OF THE TILTED FORTION.
TILT=90.0
AREASFLIST(ISYS)24)
21=AREAXREAR (MONTHsXLATTI»TILT/AZIMUTyH(MONTH) » RHOCMONTH) sNG» AN,
1TARAT» TARAR Y1)
TILT=50.0
AREA=2, O¥FLIST(ISYS,25)
AZIMUT=AZINUT+90.0
22=AREAXREAR (MONTHsXLATTI»TILT»AZIMUT»H(MONTH) » RHO(MONTH) yNGrATH)
1TARAT» TAEAR 1)
Z=2+71422 A
CONFUTE THE SHALING VALUE FOR THE SYSTENM. AS A SIDE EFFECT
COMFUTE THE DECLIMATION NF THE LOCATION FOR REFLECTANCE
CALCULATIONS LATER.
10 CALL SHADE(ISYSyMONTHsXLATTI,DECL»SHADNG)
OFTIOMALLY, USE A REFLECTANCE OTHER THAN 1.0 IF A REFLECTOR
EXISTS
IF (IREF .EQ. 2) GOTO 100
DIF=ALAT-DECL
REFL=1,0083-,001787%DIF+ .001916%DIFXX2-4,031E-SXDIFXK342,444E-7%D
1IF%3 4
IF (REFL +LT. 1.0) REFL=1.0
100 SOLARI=ZXH(MONTH)XSHALNGKDAYS(MONTH)XSCONVX(1,0-FLIST(ISYSs4))
SOLART=SOLARIXTABARKREFLXAESORF
RETURN
END
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LISTING B-1 (continued)
Modified coding

COMMON /TE/TABEAM»TADIF +»TANORMsDIRINC,DIFINC

NG=2
ABSORF=FLIST(ISYS,S)
CALL SHADE(ISYSsMONTHsXLATTIDECL »SHADNG)
R=REAR(MONTHsXLATTIsTILTY»AZIMUTsH(MONTH) »RHO(MONTH) s NGrAIM,
1 TARAT»TARARs1)
Z=AREAX (DIRINCXSHADNG + DIFINC)
ZT=AREAYVFS(YSYS)# (DIRINCKSHADNGXTAREAN + DIFINCKTADIF)RTANORK
IF (ITYFE .NE. 4) GOTO 10
TILT=90.0
AREA=FLIST(ISYSs24)
Z1=AREAXREAR (MONTHsXLATTI+TILT»AZIMUTyH(MONTH)sy RHO(MONTH)sNGsATMs
1TARAT s TABARL» 1) XVFVU(ISYS)
FOR NON-GLAZED END WALLS, DO NOT AND TRANSMITTEDN OR INCIDENT RADNIAYIOM
ADDED S5-6-81 JMH
Z2 = 0.0
TARAR2=0.0
IFCIFIXCPLIST(ISYS»28)+4.5) NE. 1) GO TO 20
TILT=90.0
AREA=2,0%FLIST(ISYS»25)
AZIMUT=AZIMUT+90.0
22=AREAXREAR (MONTH s XLATTI»TILTyAZIMUT »H(MONTH)» RHOCMONTH) +NGsAIMy
1TARAT» TARAR2, 1)
20 z2=2+21 '
ZST=Z1%TARAR1
COMFUTE THE SHADING VALUE FOR THE SYSTEM. AS A SIDE EFFECT»
COMFUTE THE DECI.INATION OF THE LOCATINN FOR REFLECTANCE:
CALCULATIONS LATER.
10 CONTINUE
OFTIONALLYs USE A REFLECTOR FACTOR OTHER THAN 1.0 IF A REFLECTOR
EXISTS
IF (IREF .EQ. 2) GOTO 100
DIF=ALAT-DECL
REFL=1,0083-,001787%DIIF+ .001916%XDIF%%2-4,031E~-SAkNTFEEI4+2.4446E-7%D
1IF%%4
IF ¢(REFL .LT. 1.0) REFL=1.,0
100 CONST=H(MONTH)XDAYS(MONTH)XSCONVUX(1.,-FLIST(ISYS,»4))
SOLARI=ZXCONST
SOLART=ZTXREFLXCONSTXARSORF :
FOR A GREENHOUSE, ADDII THE RADIATION THROWUGH END WALLS
IF(ITYPE.EQ.4)SOLART=SOLART+ZSTXCONSTXAEKSORF
RETURN
END

Note: Some modifications included are described in Appendix C.
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LISTING B-2 Modifications to function RBAR
Original coding

C.e+«THE FUNCTION ACDS IS THE INVERSE COSINE
THETA=ACOS(CO5TH)>*180./F1
IFCIFIX{XIAM+.00001).NE.O) GO TO SO
C..THETA I8 THE AVERAGE INCIDENCE ANGLE FOR REAM RADIATION FOR THE
C.MONTH. IT IS ASSUMED TO EQUAL THE INSTANTANEOUS INCIDEHCE ANGLE
C..FOR BEAM RADIATION OUTSIDFE THE ATMOSFHERE AT 2.5 HR FROM SOLAR
C..NOON ONH THE REFRESENTATIVE LAY OF THE MONTH.
TANORM=TAUALF(NGs0.0Os XKL)
TADIF=TAUALF (NG, &0, XKL)

TARBEAM=TAUALF (NG» THETA» XKL)
TABAR=TABEAMX(1.-FKT)XRD/RRAR+FKT%(1.4C0SS)/2.¥TANIF/REAR +RHO¥ (1

1-COSE) /2. ¥TADIF/REAR
TARAT=TAEBAR/TANORH

RETURN
S50 TARE=1,-XIAM¥(1,/COS(THETAXRDCONV)-1.)

TARDN=1.,0-XIAMX(1,0/CO0S(60.,0%KROUCONVI~-1.0)

TARAT=(1 ., 0-FKT)XRL/REARKXTARE+FKTX(1,4C0SS)/2.0%XTARD/REAR+RHO¥ (1 ,~-C
108S)/2.0kTARD/RERAR

RETURN

END

Modified Coding

COMMON /TB/TABEAM:T&UIF9TAN0RM901RINC9DIFINC

C..+THE FUNCTION ACOS IS THE INVERSE COSINE
THETA=ACOS(COSTH)¥180.,/F1
TANORM=TAUALF (NG»0.0» XKL)
IFC(IFIX(XIAM+.00001).NE.O) GO TO S0
C..THETA IS THE AVERAGE INCIDENCE ANGIE FOR BREAM RADIATION FOR THE
C..MONTH. IT IS ASSUMED TO EQUAL THE INSTANTANEOUS INCIDENCE ANGLE
C..FOk BEAM RADIATION OUTSILNE THE ATMOSFHERE AT 2.5 HK FROM SOLAR
C..NOON ON THE REFRESENTATIVE DAY OF THE MONTH.
TALIF=TAUALF (NG+&40.+ XKL) /TANORM
TABEAN=TAUALF (NG» THETA» XKL ) /TANORM
GO TO &0
S0 TABEAM=1.,-XIAMX(1,/COS(THETAXRICONV)-1.,)
TADRIF=1,0-XTAMX(1.0/C0S(&0.0%RICONV)-1.,0)
60 DIRINC RUOX(1,-FKT)
DIFINC FRKT%(1.4C0SS)>/72.+RHOX(1,-C0SS)/2,
TARAT = (TAREAMXDIRINC + TADIFXDIFINC)/RBAR
TAEAR = TARATXTANORM
RETURN '
ENT
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APPENDIX C
FCHART/SLR Sunspace Radiation Processor

A number of FCHART/SLR runs were made and compared to the radiation
correlations released by LANL for the two published geometries shown in Figure
C-1. Figures C-2 and C-3 show the differences between the two radiation
models for geometry types (a) and (b) both with insulated and glazed ends.
Although these are only for Atlanta, Georgia, the results are typical of the
differences between the two models for test runs of 15 southern locations
encompassing a wide range of climatic conditions. As can be seen, significant
differences in the two models can result.

Since the PASOLE program was used to develop the sunspace radiation
correlations, an examination was made of the program coding to determine the
method by which radiation is absorbed by a sunspace surface. The PASOLE
program treats the amount of radiation absorbed by surface "j" due to solar
radiation incident on transparent surface "k" as:

IabS = Itranka-*j absj , (C-1)
K-+J
where
Iabs is the radiation absorbed by surface j due to solar

k=>J radiation incident on transparent surface k,

Itrank is the solar radiation transmitted through transparent

surface k,
Fk>j is the view factor from surface k to surface j, and
abs; is the absorptivity of surface j.

The radiation correlations given in the released technical reports by LANL on
attached sunspace use the above equation implicitly in their radiation model,
i.e., the radiation correlations were developed from data obtained from PASOLE
computer runs. Neglecting internal reflections, the instantaneously absorbed
radiation in the sunspace is given by:

k J K+J

Now, if the absorptivity of each surface is assumed to be approximately a
constant, then:

Llabs = Itran, @l F o j (C-3)
J k+J J

where: o is the constant absorptivity of each surface and the other
terms are as defined above.
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Since, for an enclosure with planar surfaces, the sum of all view factors
from one surface to all others is equal to opne, Equation (3) is equivalent to:

Ik = Ta11nck (C-4)

where: Ix is the radiation absorbed by the sunspace due to incident
solar radiation on transparent surface k,

Ta 1is an effective transmittance absorptance value of the
glazing and sunspace walls, and

Iinc is the incident solar radiation on transparent surface k.

This gives:

I= I 1 (C-5)
k

Time averages of Equations (C-4) and (C-5) over a month are used by the
FCHART/SLR program to determine the absorbed radiation in an attached sunspace.

The major problem with using Equations (C-4) and (C-5) instead of
Equations (C-1) and (C-2) to find the absorbed radiation is that the
absorptances of all j surfaces are not equal in the PASOLE program.
Transparent surfaces are given a value of zero while opaque surfaces can be
assumed to have some average value, a . Thus it can be seen that a number of
terms in Equation (C-2) will be zero (due to a zero value of absj in
Equation (C-1)) if an attached sunspace has more than one transparent
surface. Using Equations (C-4) and (C-5) in this case would overpredict the
absorbed radiation.

The attached graphs of comparisons between the LANL radiation correlation
based on PASOLE runs and absorbed radiation values obtained from FCHART/SLR
runs indicates that an overprediction indeed is the case. In general, the
greater the number of glazed surfaces, the greater the disparity between the
two radiation models. The only geometry for which good agreement exists
between the LANL radiation correlation and the FCHART/SLR program is geometry
(@) with insulated end walls. Since this particular geometry has only one
glazed surface, Equations (C-1) and (C-2) and Equations (C-4) and (C-5) are
equivalent, and, indeed, the two methods produce essentially the same
results. Thus, for any attached sunspace geometry containing only a single
glazed surface, one can expect reasonable results from the FCHART/SLR
program. For those with multiple glazed surfaces the absorbed radiation will
be overpredicted by the program yielding an excessively high value of the
SSF. The above equations and their differences also give a method of
resolving this problem.

It should first be noted that,'accord1ng to LANL radiation correlations

(5), there is little difference between the absorbed radiation in a sunspace
for either published geometry with or without glazed end walls for those
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months typically requiring a heating load. Since the FCHART/SLR program
already predicts the absorbed radiation for geometry (a) with insulated end
walls, the same radiation values can be applied to geometry (a) with glazed
end walls. Graph (C-1) shows this to be the case. The effects of using this
radiation model on attached sunspaces of geometry (a) are shown in Figures 1
.and 3 in the main body of the report.

Geometry (b) with insulated end walls requires the application of
Equation (C-3) to the sunspace radiation processor in FCHART/SLR. Since only

two transparent surfaces exist, Equation (C-2) can be modified to find the
absorbed radiation in the sunspace as:

-I = Q [Itranél - FS’*V) + Itran\sl - Fv+s)] (C'6)
where:
i is the monthly radiation absorbed in the sunspace,

o is the average sunspace absorptance for the nontransparent

surfaces,
Itran.and I¢pan are the monthly values of the radiation
S v transmitted through the sloped and vertical
south-facing surfaces respectively, and
Fg-y and Fv;+s are the view factors from the sloped to vertical
and vertical to sloped glazing surfaces,
respectively.

This modification was incorporated into the radiation processor used by
FCHART/SLR and run for the same 15 locations used previously. A typical run,
again for Atlanta, Georgia, is shown in Figure C-4. As can be seen, the
agreement between the radiation model using Equation (C-6) to determine the
absorbed radiation and the LANL correlation is much improved. This adaptation
to the radiation processor has been incorporated into FCHART/SLR and, as with
the single south glazed surface, is used to estimate the absorbed radiation
for geometries of type (b) for both glazed and insulated end walls.

The inclusion of Equation (C-6) into the FCHART/SLR program requires the
_determination of view factors Fg.,y and Fy,g. A subprogram VFF2 used by
the PASOLE program to detemmine the view factor between adjacent surfaces has
been added to the FCHART/SLR program. The inputs into this subprogram are the
common length of the adjacent surfaces, the depth of each surface, and the
angle between the two surfaces. Since one surface is assumed to be vertical
and the slope of the other was already an input variable, the included angle
is determinable. However, only the total areas of the two adjacent glazing
surfaces are given in the passive input list of the FCHART/SLR program. Since
the glazed end wall areas are no longer used in the radiation processor and a.
passive variable (Pn 27) can be used to include all end wall thermal losses,
the end wall area variable (Pn 25) can then be changed to the sunspace width
(i.e., the length of the adjacent glazed surfaces). This variable and the
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areas of the glazed surfaces determine the surface depth. The view factor
from the sloped to vertical glazed surfaces is then found using the subprogram
VFF2. This is then related to the view factor from the vertical to the sloped
surface by:

Fyv>gs = Fgay Ag/Ay A (C-7)
where:
Fys>g and Fg .,y are as previously defined, and
As and Ay are the sloped and vertical glazing areas respectively.

These view factors, passed as variables VFS (ISYS) and VFV (ISYS), are
then incorporated into the radiation processor as indicated by Equation
(C-6). Figure 3 in the main body of the report shows the type of agreement
between the LANL sunspace FCHART/SLR program using this modification to the
absorbed radiation.

Secondary differences between the two models include the effects of using
monthly average values of glazing transmittances in. the FCHART/SLR program
rather than hourly values used by the PASOLE program. Also, the FCHART/SLR
program neglects the effects of internally reflected radiation, implicitly
assuming that all reflected radiation is lost. Both of these effects are
small for the sunspace geometries published by LANL (reference 5). The
monthly average transmittance used by the FCHART/SLR radiation processor
accounts for a non-constant glazing transmittance (reference 6). The high
o?aque surface absorptance of those surfaces most 1ikely to be directly
illuminated by the sun, the floor and rear storage wall, also reduces any
discrepancy induced by neglecting diffuse reflection between opaque surfaces
in the sunspace. The net result of neglecting these two effects in the
FCHART/SLR radiation model is to produce slightly conservative estimates of
absorbed radiation. :

The changes in the computer code for FCHART/SLR due to the inclusion of
this modification are shown in Listing C-1.
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Geometry (a) with Insulated End N;]1S

FIGURE C-1 LANL Attached Sunspace Geometries
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LISTING C-1

Modification of FCHART/SLR program to accept view factor

requirements for multiple south-facing glazings on attached

sunspaces.
Appendix B.

Changes made to subroutine PCALSO given in

Coding added to subroutine CALC

U-value of 0.55 BTU/
glazing

29

hr°F ft2 is assumed for the south-facing

FUA=0.0
IF (XLIST(47) .EQ. 1.,0) GOTOD 220 .
C CALCULATE VIEW FATORS FOR FASSIVE SYSTEMS 6-5-81 .MH
IO 80 ISYS=1/yNSYS
VFVY(I8YS)=0.0
VFS(ISYS)=1.0
JFCIFIX(PLISTC(ISYS»1)+40.01).NE.1)GO TO 80
IF(FLIST(ISYSy2).LT.2,5) GO TO 8¢
IF(PLIST(ISYS»24).LT7,1.,0) GO TO 80
C=FLIST(ISYSs25)
A=FLIST(ISYS,»23)/C
E=FLIST(ISYS»24)/C
TH = FLIST(ISYS»7)490.,
UFSVU=VFF2(AsEsCsTH)
VFVUS=VFSVUXA/R
VFS(ISYS)=1,0-VFSV
VFV(IS8YS)=1,0-VFVS
80 CONTINUE
C COMPUTE TOTAL FASSIVE COSTy» AREAs AND UA ACROSS ALL SYSTENS
0O 140 ISYS=1sNSYS
Changes in passive input list
Original
P1 23 AREA (SUNSFACE: OF TILTED SURFACE)> v e s s e s s IS0L.00 FT2
F1 24 SUNSFACE ONLY!: VERTICAL AREA (e ecees s et e osssase .00 FT2
FF1 25 SUNSFACE ONLY?! ENDWALL AREA (EACH) s e s v oo s es e 70,00 FT2
F1 26 SUNSFACE ONLY!: U VAL UF SEFARATING WALLesoeeos +10
FP1 27 SUNSFACE ONLY! NON-GLAZING UA VAL it oot st eens S0.00 BTU/F-HOUR
1 28 SUNSFACE ONLY?! CGLAZED ENDUWALLS? 1=YES 2=N0... 2.00
Revised
P1 23 AREA (SUNSFACE?! OF TILTED SURFACE) s e e o evo oo 350.00 FT2
P1 24 SUNSPACE ONLY! VERTICAL AREA:cee vt ettt ra0eoas 0.00 FT2
Pl 25 SU'JSF’ACE ONLY: SUNSF.ACE UI{ITH ¢ ¢ & 0 6.0 0 0 0 0 0 0 0 00 30000 FT
F1 26 SUNSFACE ONLY! U VAL OF SEFARATIMG WALLeeeooo .10
P1 27 SUNSFACE ONLY! NON-SOUTH GLAZING UA VALessoe oo €0.00 RBIU/F-HOUR
F1 28 SUNSFACE ONLY?! GLAZED ENDWALLS? 1=YFES 2=MO... 2.00
Note: Passive 1list 27 now includes all end-wall thermal losses. A
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LIST

ING C-1 (continued)

Additional subfunction VFF2 from the PASOLE program

FUNCTION VFF2 (A»E»CryTH)

VIEW FACTOR FROM 1 TO 2. RECTANGULAR SURFACES WITH COMMON ELGL
ArE ARE DIMENSIONS OF SURFACES 1 & 2 FERFENDICULAR TO
COMMON EDGE» C IS DIMENSION ALONG COMMON ENGE (SAME FOR

BOTH SURFACES)s TH IS ANGLE BETWEEN SURFACES (DEG)

DATA F1 /3.1415924654/
Ti=THXFI/180,
T2=2.%T1

SINT=SIN(T1)
COST=C0S(T1)
SINT2=SINT*x2
SIN2T=SIN(T2)
CO0S27=C0S(T2)

x=R/C

Y=A/C

X2=X%%2

Y2=Y%%2
Z=X24Y2-2. . XXXYXCOST
Z1=SQRT(Z)
Z2=SQRT(1.+X2%SINT2)

VFF=,20K(2.-SINT2)XALOG( (1., +X2)X(1.4Y2)/ (1., 4+Z))+ . 25XSINT2X(Y2%Al.06
1 (Y2%(1.4Z)/7 (1 e4Y2)/7Z)4X2XALOGIX2X (1 .+ X2)XXCOS2T/(Z%(1.4+Z)%XCOS2T)

2 NEYRXATANCL./Y)IEXKXATANC(L . /X)=-Z1%ATAN(1./21)

IF (TH.EQR.90.) GO TO 1000

VFF=VFF4STIN2TX, 29X (2 . XSINTEXKZ2X (ATAN(X¥COST/Z2Y+ATANC(Y-XXCOET)
1 /7Z2))-XXYXSINT-(FI/2.-T1)Xk(X24Y2)-Y2XkATANC((X-YXCOST)/Y/SINT)-X2
2 XATANC(Y-XXCOST)/X/SINT))

N=50

NF=N+1

DNG=Y/FLOAT (N)

DFI=0.

DO 200 I=1sNF

FAC=2.

IF (IoEOoloORoIoEGoNF') FAC=1.
G=DG¥(I-1)

H=SQRT(1.+GX%X2%SINT2)
DFI=DFI4+FACKXHX (ATAN((X-GXCOST)/H)+ATAN(GXCOST/H))
CONTINUE

UFF=UFF+,SXIGXCOSTXIFI
CONTINUE
VFF2=VFF/F1/Y

RETURN
END . 30



' ' APPENDIX D

N Detected Coding Errors in FCHART/SLR

1. Subroutine SHADE
: Original

CooBAJTIYATED S54ADING A_SIRITH4, SHAD=-]
1) N=IDAYS (4ONTH4)

JECL=23.45¢5IN(02R#350.0%(28442¢=LJATIN)I/355,) ‘
ALTH=R2)$ACISHSINII2%]=CL ) *#SIN(I22%2_AT)+Cl35(I22=221 %235 ()%,

1aT7)) '
A_TvVv=9)0,)~-ALTH

JECLIU=23.285911
JECLDE=-23,3325215355

S_THDE=R2)¢AZ0S(SINCI2R$DIICLIEDISSINII2R®ALAT)IZI5(D233D2 2, )23 #( 254
1)23%A(LAT))

ALTVIE=30,)~-ALTHDt
ALTHJIJU=32) €A DSESINCI2R*¥IFECLIYI*SINGIZ2R*AL AT)+2)5(323%0:5C0_3J) #2351

1J223#ALATY))
ALTVJIU=397.,0=-ALTHJY

SALTVS(ATAN(DZ2R#A_TV)-ATAN(D2R®A_TVvOz) )/ (ATAN(DI2R¢ALTVIY)~
LATAN(D2%8L L TVIE))

<1 ¢y

FALTV'(ATAV(JZQ‘ALTV)-ATAN(DZQ‘A-TVDE)l/(ATAM()ZI‘A-TVJJ)-ATA%()ZQ
1#A_TvDZ)) A e

Revised

C. .AUTOMATED SHADING ALGORITHHM, SHAD=-1
10 N=IDAYS(MONTH)
DECL=23 ., 45XSIN(D2R¥350. 0% (284, 0+FLOAT(N)Y)/345.0)
ALY 1. 0/ATANCD2RX (ALAT+23,332535))
ALS 1. 0/ATAN(D2R¥(ALAT-23.31441))
AL = 1.0/ATAN(D2RX(ALAT-NECL))
FALTV = (AL-ALW)/(ALS-ALW)

2. Subroutine PCALSF]
Variables LCR and LCRs should be declared -as Real.

;hflkey used to select the proper sunspace correlation should be as
ollows:

KEY = 3 - 2 * (IEFLAG -1) + NIFLAG

; The BLC used to determine the variable XKAY ié unit dependent and
should be multiplied by RCONV, or: '

XKAY = 1.0 + UP(KEY) * PAREA / RCONV / BLC
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