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ABSTRACT 

A simple, yet correct and powelju/, method of estimating the radiation pelformance of single /jpaces or of two coupled spaces 
is developed. This method is particularly lIsefulJor simplified numerical simulations of m'erage lighting conditions and a/radiallf 
contribution to the heat balance of buildings. The article develops all example of the method alld (lllalysis of a room with all 

attached sUllspace. I1w method is based 011 the properties of form/actors. The/arm factors of fwo spaces coupled by radiation 
exchange are reduced to the form of a collapsed matrix. The form factors for each space are reduced to a 2x2 matrix subject 
to the principle of energy conserl'a/ion. Radiationfrom one space is reflectedfrom the sUI/aces and transmittedfrom aile space 
to the other repeatedly in an iJ{(inite series. The result of the infinite series is obtained in e.\plicitforl1l/ol' both the radiosity and 
the distributed form factor matrices. A parametric study of the interactioll of a room with all attached SlIllspace is carried alit 
explicitly. The results show a vel)' weak dependence a/the room absOJptance on the sllJ/ace reflectance and a vel)' strong depen
dence of the U!um;nation of the room 011 the same absorptaJlce. 

INTRODUCTION 

The thermal behavior of a room attached to a sunspace 
depends on the distribution of the solar radiation among all 
surfaces. This distribution is primarily a geometry problem. 
For this article we adopt the geometry of the room and suns
pace used by Wall (1997) where he compares predictions 
made by various simulation programs. In his conclusion, Wall 
lends greater credence to the results from TRNSYS/SUNREP 
(Blyn and Schielloe 1996) and DEROB-LTH (Anlluf-Noe 
1979) because they "have appropriate methods to calculate 
solar gains" (Wall 1997). By "appropriate" he means that 
these simulation programs account for the geometry and the 
infinite series of reflections from the surfaces and transmis
sions from the room to the sunspace and back. The DEROB 
solution, first published in Ammf-Noe (1977), makes explicit 
use of the principle of energy conservation through the closure 
condition of form factors. Wall makes reference to the other 
programs used in his comparative study (Wall 1997) as using 
simplified methods that do not account properly for the 
geometric effects. He concludes that "simplified methods 
used in the design stage are appropriate" provided these meth-

ods include conect methods to calculate the distribution of the 
solar radiation. In this article I propose such a method. 

The method is identical in form to the one developed for 
DEROB in that the closure and symmetry conditions for the 
form factors are arranged in matrix form, and, through a series 
of identity arguments, the closure condition is expressed in a 
different form so as to account for the infinite series of diffused 
reflections. The argument is quite general and independent of 
the number of surfaces used to describe each space. The infor
mation content of the solution increases as the surface detail 
increases so that the simulation matches more closely the 
"real" spaces. The computation cost also increases, except that 
it increases faster than the increase in information content. For 
many applications, especially early in the design stage, it is not 
necessary to have so much information, while it is very desir
able to have an inexpensive tool. The method presented in this 
paper lIses two surfaces to describe each space: one is a test 
slllface and the other is the collected remaining surfaces. Thus, 
the matrices are collapsed to a 2x2 for each space. The values 
of the collapsed form factors are obtained directly from the 
closure and symmetry conditions without having to go 
through a long integration. 
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There is only indirect empirical validation of the predic
tions of this simplified calculation. In fact, the validation is 
doubly indirect because the comparisons are made with the 
results of the calculations made with DEROB (Wall 1997). 
DEROB, in tum, has been validated extensively against 
empirical data collected for a number of existing buildings 
(Northrup and Arumf-Noe 1979, 1980; Wysocki and Arumf
Noe 1980; Annuf-Noe 1983) as well as for test structures 
(Arumf-Noe and Burch 1984). The experiments, however, 
were designed to test the global performance of buildings and 
not to isolate only the radiant exchange contribution. 

This paper is organized in three sections. The first devel
ops the collapsed matrix solution for two spaces coupled 
through the glazed partition they share. The method is appli
cable to any two spaces visually coupled, and, since the solu
tion is for two spaces, the matrices are four-dimensional. The 
solutions are presented in closed form, which makes their 
implementation very fast and very inexpensive. The second 
section calculates the cavity absorptance and the albedo of the 
room and the attached sunspace. Cavity absorptance is the 
radiation absorbed by the surfaces enclosing the space and 
albedo is the radiation that entered the spaces and finds its way 
outdoors without being absorbed. The cavity absorptance is 
calculated for solar noon during the winter and summer 
solstices parametric on the surface absorptance. The third 
section compares the results from the method developed in 
this article with the results reported by Wall (1997). The article 
concludes with an appendix that contains the detailed results 
of the collapsed matrix solution. 

FORM FACTORS 

Review 

The form factor Gij is the fraction of the radiation from 
surfacej that arrives to surt~lce i on first incidence. It follows 
from energy conservation that the form factors among 
surfaces enclosing a space satisfy the closure condition: 

fO'i :=:1 (la) /., 

They also satisfy a symmetry condition: 

(lb) 

N is the number of separate surfaces used in describing the 
space. Ai is the area of surface i. 

Collapsed Matl'ix 

Concentrating our attention on one of the surfaces enclos
ing the space, we may can it the "reference surface." Collect 
the remaining smfaces enclosing the space into one effective 
convex surface. Label them as "1" and "2," respectively. The 
closure and symmetry conditions take the forms 
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Gu +Gn ::::l 

When the reference surface is flat, Gil = 0, and then the 

closure and symmetry conditions are enough to determine the 
form factors to be 

where 

G 21 = 1 

G 12 = I 

G" = I-I 

(2) 

All of the radiation from the reference surface is inter

cepted by the collected surfaces, while the radiation from the 

collected surfaces is partially intercepted by the reference 
surface and the rest goes to other parts of the collected 

surfaces. The prop0l1ion is given by the ratio of the areas. The 

form factors are collected as a matrix in such a way that the 
closure condition is written in explicit matrix form or in 

compact matrix notation: 

I 1_ (I ) 
(1-/)1- , 1 

I 

or 1/' G :::: /I (3) 

where IL = (I, I) plays the role of a summation operator. 

Two Connected Spaces 

Consider two adjacent spaces, A and B, that share one 
glazed pm1ition so that radiation from one space may enter the 

other. Define the collapse matrix for each space and select 
either side of the glazed partition as the reference surface for 

each respective space. A fraction of the radiation from surface 

2 is transmitted through surface 1 and goes on to strike surface 
4. Therefore, only part of the radiation that arrives on surface 

I is available to be either absorbed or reflected. 

4 

Figure 1 

SlUt B Hue A 

¢:::::l 3 t <;::::J 2 4 

Radialioll/rom space 1 enters space 2 alld vice 
versa. 
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The same type of events occur to the radiation going from 
space B to space A. By energy conservation, the closure rela~ 
tion takes the form 

I I-I, 0 'Y2 OI-ll,O 0 'I 
( I I I I ) 0 0 0 (I _ 1,)/, - ( I I I I) 

o I,I, I I-I, 

The transmittance coefficients, through either direction 
of the glazed partition, are 11 and 13' The elements of this 
matrix satisfy closure, but they do not satisfy the symmetry 
condition; therefore, they do not represent the form factors. 
Note, however, that by factoring the matrix, 

o I, 0 0 ,I 11-/,OIY2 =( 

o 0 0 I, 
01,1,11-1; 

I II I ) 

we obtain the closure relation in terms of the form factor 
matrix and a modifier. In compact notation Ii' J1 . Q = !!.. 
where 

whereG~ (4) 

is the form factor matrix. The symmetry conditions are met 
provided 11 = 13, Since the absorptance, reflectance, and trans~ 
mittance coefficients of each surface satisfy energy conserva
tion, a + r + 1 = I, the modifying matrix has the equivalent 
forms 

f1=a+r+l 
= = = 

(Sa) 

(5b) 

I-I, 0 0 

0 I, +{~ +1, 0 
p= 

0 0 0 (13+13 
0 0 0 0 14 +a4 +14 

The reflectance ~,absorptance a , and the transmit
tance to the outdoors 1, are 

(5c) 

[~ ....... ~ .. r= ~.~ 
= O· 0 

D'D 
" ;] '~[cof~:a"i+,o-~--,J-)~J '~[1';i Ji 
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It is worth noting that the modifying matrix falls short of 
being the lInit matrix because it does not include the transmit
tance coefficients of the interior surfaces. Therefore, for a 
single space, the modifying matrix is the lInit matrix: 
l=a+r+l. 

Distributed Form Factors 

Manipulate the closure relation with a series of identity 
operations in order to obtain the distributed form factors. 
Distributed form factors include the infinite series of reflec~ 
Hons that follow after the first incidence. 

The last expression is the closure relation for lij> the 
distributed form factors. 1 ij is the fraction of the radiation from 
surface j alTiving on surface i after all internal reflections. The 
elements of the distributed form factors are given by 

J =G·o (6) 

where 

(7) 

is the luminance matrix. Its form is a clear indication that it 
represents the infinite power series of the product r· G . The 
element oij is the contribution of surface j to the lmnllmnce of 
surface i. The explicit expression follows directly. The 
explicit form of the form factor matrix, G ,for clear glass is 
given in the main text by Equation 4 and ill Appendix A. This 
appendix also gives the form of this matrix for translucent 
glass. The surface property matrices, including ~ , are given 
in Equations 5c. Use these to carry out the operations indi
cated in Equation 7 to obtain the luminance matrix, Q.. 
Appendix A gives the explicit form of this result. Then cafi·y 
out the product indicated by Equation 6 and we obtain the 
distributed form factor matrix (see Equation 8). 

Note that the distributed form factors obey the symmetry 
relation J;j\j = JjiA;. 

The diffuse radiation received by surface i is given by 

Sj is the primary radiant source from surface j; its value is 
independent of the matrix solution. Ri is the radiation received 
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by surface i; its value is dependent on the matrix solution. The 
radiation absorbed by smface i is (J,j == aiRj. which is in propor
tion to the radiation received according to the absorptance 
coefficient of the surface. The radiation lost to the outdoors 
through surface i is \VI == 'tiRj, which is in proportion to the 
radiation received according to the transmittance coefficient 
to the outdoors of the surface. We may coHect the primary 
radiant source values in a column vector, whose with compo
nent is the primary source from surface i, Likewise, we may 
collect in column vectors the radiation received, absorbed, 
and lost to the outdoors: 

(9) 

The SUlll of the elements of Q; yields the radiation 
absorbed by all surfaces. The sum of the elements of.w: yields 
the radiation lost to the outdoors through all of the surfaces. 
We expect from energy conservation that the sum of these two 

:5Uh:5Jal!' 

totals may be no more and no less than the total primary radiant 
source. We prove that this is indeed the case by using the 
closure relation for the distributed form factors: 

"- . iQ. + '!')= "- .Ig + !e) L· !i = "- . !i (10) 

THE SUN SPACE 

The Radiant SOUl'ces 

A room is attached to a sUBspace as shown in Figure 2. At 
solar noon, the solar beam enters the sUBspace through the 
south glass and strikes the floor, back wall, and back window 
of the sUBspace. From the geometry of the building, and from 
the solar angle, we may lise geometric logic to find how much 
power that enters the sunspace strikes the various surfaces. 
The left image in Figure 3 illustrates the radiation incident on 

I 
Plan a,. 

1 
6,. -----1 

.... '" T Section 2.7,. 

~ 
Figure 2 SUJI position and Sltll patches are for solar nOOI1, December 21, latitude 55°N. 

S.,h:SPII.C:C 1'<>."'" 

58.9 >. 
100 18.5 ~ 

~ 
.~ 
] 

Figure 3 Left: first incidence of solar radiativn that enters the SllllSpace. RighI: first abSOI]Jlioll and first reJlectance. 
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TABLE! * 

First Incidence Incident Absorbed Reflected 

Sun Space Floor 22.6 4.5 18.1 

Sun Space Back Wall 18.5 3.7 14.8 

Sun Space Back Glass 58.9 4.7 3.5 

Room Floor 10.2 40.5 

Total 100.0 23.1 76.9 

• Distribution of First Incidence Radiation That Enters the Sun Space. G!a~s 
transmittance = 86<;(.; reflectance = 6% for glass and 80,/(-, for opaque surfaces 

each of the surfaces for every 100 units of power that enter the 
sunspace. 

Each surface absorbs the radiation incident on it in 
prop0I1ion to its absorptance; likewise, each surface 
reflects the radiation incident on it in proportion to its 
reflectance. The respective values afC illustrated in the 
right-hand image of Figure 3. The incident, absorbed, and 
reflected radiation are summarized in Table 1. The surface 
absorptance va1ues are 20% for opaque surfaces and 6% 
for the glass. The glass has a transmittance of 86%. The 
Stull of the radiation absorbed and reflected equals the radi
ation incident. The exception, of course, is for the back 
glass of the sunspace. The radiation that is neither 
absorbed nor reflected is transmitted through to the back 
room where it strikes the floor. 

The absorbed value is the first contribution to the heat 
absorbed by the surface. The reflected radiation is assumed to 
be 100% diffuse. It is this value that is treated as the primary 
radiant source for the respective surface. It is the "S" value in 
Table 2. 

The Distributed Form Factor Matrix 

The distribution of these radiant sources is governed by 
the distributed form factors. We determine the coefficients 
associated with the reference and collected surfaces by tabu
lating the area, reflectance, transmittance, and radiant source 
associated with each surface. 

The area, reflectance, transmittance, and radiant sources 
for the reference surfaces are the respective values on either 
side of the glazed partition shared by the spaces. The area and 
radiant source for the collected surfaces are what is left over 

from the respective totals. The reflectance and transmittance 
values for the collected surfaces are the respective averages 
weighted by area. Thus, the coefficient for the coHapsed matri
ces have the values listed in Tables 2 and 3. 

The matrices for the distributed form factors, the absorp
lance, and the transmittance to the exterior become 

,~[~ 
.78 

Sun Space 

Floor 

Ceiling 

Glazed Sides 

Back 
Opaque 

Back Glass 

Sum 

Room 

Floor 

Ceiling 

Front 
Opaque 

Other 
Opaque 

Front Glass 

Sum 

ill] [OO 
0 0 

.37 .46 ~= 0 .15 0 

.24 .30 - 0 0 .08 

3.98 3.72) 0 0 0 

TABLE 2 
Coefficient Values * 

A .. .. A f 

24 .80 19.20 0 

24 .80 19.20 0 

37.8 .06 2.27 .86 

9.6 .80 7.68 0 

12.0 .06 .72 .86 

107.4 49.07 

4S .80 38.4 0 

48 .80 38.4 0 

9.6 .80 7.68 0 

54 .80 43.2 0 

12.0 .06 .72 .86 

171.6 128.4 

iJ '~[l 
0 0 

.34 0 

0 0 

0 0 

fA S 

0 IS.I 

0 0 

32.51 0 

0 14.8 

10.32 3.5 

42.83 36.4 

0 40.5 

0 0 

0 0 

0 0 

10.32 0 

10.32 40.5 

• All area terms arc measured in m2. The surfaces of the glazed partition are la
beled as "back glass" and "front glass"; they are the reference surfaces for the sun
space and the attached room, re~pecti\'e1y. The column labeled "S" is the primary 
diffused radiant source 

~] 
0) 

TABLE 3 
Parametric Description of Spaces 

SUIl A, A, rl r, 11 I, (I, {/, 8, 8, I, 0, 
Space 12 95.4 .06 .51 .86 .34 .OS .15 3.53 32.90 .13 .55 

Room 
A3 A4 r3 r4 13 14 {/3 {/4 83 84 I, 0, 
12 159.6 .06 .80 .86 0 .08 .20 0 40.51 .08 .26 
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The Radiation Absorbed and the Radiation Lost 

The primary radiation source, the radiation received, radi
ation absorbed, and lost radiation arc summarized in the 
following column vectors: 

0 \ 

31 8019 "'] ',~}1 ~'B 2133 
S ~ R=J·S -- =a·R o - ~-

}ri~ - ~- 0 

4(61; 3555; 0 

For surface i, Sj is the radiant source, R j is the radiation 
received after all retlections, at is the total radiation absorbed, 
and 'Viis the total radiation transmitted to the outdoors. This 
information is listed by space in Table 4. 

TABLE 4 
Distribution of First Reflected Solar Radiation 

Absorbed Lost Source 

SUIl Space «, + a., = 12.9 IV, + 1V2 = 27.3 S, + S, = 36.4 

Room «3+«4=36.7 1V3 + 1V4 = 0 S, + S4 = 40.5 

Total 49.6 27.3 76.9 

As we expect from energy conservation, the total radia
tion absorbed and lost equals the total of all sources, and when 
we include the radiation that was absorbed on first incidence 
of the solar beam, we have the distribution listed in Table 5. 
And again, as we expect from energy conservation, the sum of 
all radiation lost to the outdoors and what is absorbed by both 
spaces equals the total radiation that entered the sunspace. The 
cavity absorptance of the sun space is 25.9% and of the 
attached room is 46.8%, and the albedo of the combined 
spaces is 27.3%. The radiation absorbed by the sunspace is 
twice what it was after the first incidence, and the radiation 
absorbed by the back room is more than quadrupled. 

TABLES 
Distribution of Solar Radiation 

in the Sunspace and Attached Room 

Absorbed Absorbed 
After First After All Total Lost to the 
Incidence Reflections Absorbed Outdoors 

Sun Space 12.9 13.0 25.9 27.3 

Room 10.2 36.6 46.8 0 

100.0 72.7 27.3 

Summel' Sun and Translucent Glass 

At solar noon on June 21, the solar beam strikes only the 
floor of the SUBspace. Twenty percent of it is absorbed, then 
the remaining 80% is reflected and acts as a radiant source. 
Only the floor of the sun space has a radiant source; therefore, 
the solar radiation that enters the attached room is the result of 
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Figure 4 Cavity abS011Jtallce o/the attached ro0111. 

reflections from surfaces enclosing the slln space. Since much 
of it finds its way to the outdoors, the cavity absorptance of the 
attached room is considerably less than in wintertime (see 
Figure 4). 

Both winter and summer analyses assume that the glass 
enclosing the sunspace is clear. When this glass is translucent, 
no beam enters the sunspace. The only radiation that enters is 
diffused through the glass; thus, the exterior windows act as 
the radiant sources. In this case, the cavity absorptance of the 
attached room is independent of the time of the year. Note that 
we are making the distinction of clear or translucent glass only 
for the exterior g1ass of the sun space and not for the glass 
connecting the sunspace to the attached room. 

When the surface reflectance decreases, a greater fraction 
of the first incidence radiation is absorbed; thus, there is less 
radiation available for distribution by reflection. In December 
the cavity absorptance of the back room is not very sensitive 
to the change in the surface reflectance, whereas in June it is 
very sensitive. 

Parametric Analysis 

We gain additional insight into the radiant behavior of 
these spaces when we vary the surface absorptance. Consider 
three variants: the surface absorptance of the sun space and of 
the attached room vary simultaneously, the absorptance of the 
surfaces of the sun space is held constant, and the absorptance 
of the surfaces of the attached space is held constant. 

When all absorptance va1ues vary simultaneously, the 
cavity absorptance of the attached room increases rapidly! at 
first with increasing surface absorptallce. Then this rapid rise 
s10ws down, and eventually the cavity absorptance actual1y 
decreases with increasing surface absorptance (see Figure 5). 

60 

50 

40 

30 

20 

room. 
al>'orpt .... 

D".m.~er 

.P-.::..:....-~ - - - .. - - - - - ____ t~::,ts_c~nt ghss 
10 ,I ,J,;;,.----_ ------,----O+n~nTrnTn~nTrnTn"~TnTn"--nTr--rrTTn+H 

o 

Figure 5 

~ N ~ V ~ ~ ~ ~ ~ ~ 
opt.9,ue,wfat. al>,~rpt"';'. 

Cavity absorptance of attached room as a 
functioll of sll1:face absOJptance. All opaque 
sw/aces have the same abS011Jfance. 
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Figure 6 Cavityabs01plance, COllstant opaque slI1.face reflectance (50%) of sun space. 

This turn around is most evident in June, when the only radi~ 
ation that enters the attached room is due to the reflection of 
the beam from the floor of the space; so as the absorptance 
increases, there is less radiation available from reflections. 
This effect is not as dramatic but it is present for translucent 
glass. In that case, radiation enters the attached room from the 
diffusing glass before reflections redistribute the radiation. In 
December the cavity absorptance appears to level off toward 
a constant value. In fact, there is a slight decrease in the value 
toward the higher values of surface absorptance, but this 
decrease is so slight that we may ignore it. 

When the surface absOlvtance of the sun space is held 
constant, the cavity absorptance of the attached room 
increases monotonically with increasing opaque absorptance 
of the room surfaces, very fast for low surface absorptance, 
and then it slows down for higher surface absorptance (see 
Figure 6). The cavity absorptance of the sUBspace mirrors the 
behavior of the attached room. It decreases monotonically, 
very fast for low surface absorptance and progressively more 
slowly for higher surface absorptance. This slow, gradual 
change takes place over the range of surface absorptance most 
likely to be found with building materials. Under these condi
tions, the radiant behavior is weakly dependent on the surface 

60 ---

absorptance. Therefore, the designer may choose almost any 
color that he or she wishes. 

These conclusions are not as emphatic when we hold 
constant the surface absorptance of the attached room (see 
Figure 7). The cavity absorptance of the attached room 
decreases monotonically instead of increasing. The rate of 
change is faster for low absorptance, but the rate of change 
does not slow down as fast as in the other two cases. In fact, 
the cavity absorptance of the sunspace increases rapidly 
through the entire range of sllrface absorptance values. 

For translucent glazing into the suns pace, we find the 
same pattern of behavior (see Figure 8). 

Comparison with DEROB and TRNSYS 

The room and the attached sun space used in the previolls 
section were taken directly frorn the building used by Wall 
(1997), with the difference that the roof of the sunspace I used 
is opaque. Since Wall's sunspace has a glazed roof, I comform 
to his design for the purpose of comparison. In the previous 
section, all of the calculations were done for solar noon. The 
data Wall reports is for entire days, one in December and one 
in June. Wall used solar data from Copenhagen, Denmark. I 
used standard sea level data for latitude 55°. 

100 

50 ----tlh.ch.ed room - -- - -80 
40 December 

30 

20 

10 

N t<l '<t III '" I'- co '" SUD. sp·...,e Opl.q'.le ·swf..ce tbsorptwe 

60 

40 

20 

0 

--- - - _ ____ I.tt...,htd room. ------
~~~~~r_:~O\o 
SUD. $P"'" opl.q'.le swf...,e tbsorptance 

Figure 7 Cavityabs01]Jtance, cOl1slanl opaque sUI/ace reflectance (50%) of attached room. 

Thermal Envelopes VII/Building Systems-Principles 739 



80 70 

70 ' .... sUJ), spACe Jl.I>edo 60 -, _ SUJ), spACe Jl.I>edo 

60 " , SUJ), spACe absotpttJUle __ 50 .... - --,"-
.. -...... _-- .. _---- .. _--------------

50 ..... ~ 

"-.~- 40 40 ~--'-" 
30 .,/.,/ - ,- -, - ,- - -, .30 - _____ ~~ACe absotpttJUl_t ____ _ 

~ 20 
20r:/~~ __________ ~ro~o~n~ab~so~tp~ttJUl~.~ ______ _ 
lOr 10 

room absotpttJUle 

N ~ '<t lI:! ~ r-: ~ '" 
SUJ), spACe swfACe absotpttJUle 

_ N 
t<> "<T III \l) I"

room sWfACe 'abso,pttJUlt 

Figure 8 Cavity absOIpfallce and albedo. SUllspace exterior glazing is translucent. Left: Allached mom has a conslanl 
swiace absOIpfance. Right: 8mlspace has a constant sm/ace absOJplallce. 

Table 6 shows that all three simulations exhibit the same 
behavior. The radiation absorbed by the sunspace increases 
with surface absorptance; the radiation absorbed by the back 
room is greater in December than it is in June; the radiation lost 
to the outdoors increases with decreasing opaque surface 
absorptance. These patterns appear in similar proportions for 
all three solutions; Figure 9 graphically shows the pattern 
comparison. 

The closer the points are to the identity line, the closer the 
agreement among the simulations. The average distance from 
the identity line is 5.3±1.4 and 5.2±1.2 for the DEROB vs. the 
collapsed matrix and vs. TRNSYS data points, respectively. 
Note that maximum distance from the identity line is 70.7. 
Comparison of the data suggests that \Vall may have 
exchanged the values for absorption between the sunroom and 
the back room for December, absorptivity = 0.2. The points in 
questions are highlighted in Figure 9. 

CONCLUSIONS 

In all cases, the rate of change of cavity absorptance ofthe 
attached room is slower compared to that of the sunspace 

when the surface absorptance changes. This is particularly 
tme in the range from 0.2 to 0.9. This range encompasses most 
surfaces likely to be used in construction. The use of low
absorptance surfaces in the attached room makes it lighter; it 
is easier to illuminate. At the same time, the use oflow-absorp
lance surfaces does not reduce significantly the cavity absorp
tance of the attached room. For clear glass, the cavity 
absorptance of the back room is greater in the wintertime, 
when solar gain is desirable. It is lower in the slIlnmertime 
when solar gain is unwanted. This is true, of course, provided 
the geometry of the spaces allows the solar beam to enter the 
attached space directly in the wintertime. 

The solution for the distribution of diffuse radiation 
between two visually coupled spaces is given in closed form. 
I did the calculations for this paper in a spreadsheet program 
on a laptop computer; however, the method is sufficiently 
simple that we may even do the calculations manually. The 
closed form of the solution makes it an extremely fast routine 
for 1l10recomplex programs used for building energy analysis. 

The solution is physically correct, and it is firmly 
grounded on the principle of energy conservation. It is not an 

TABLE 6 
Radiation Lost to Outdoors, Absorbed by Back Room, 

and Absorbed by Sunspace During a Day in December and a Day in June * 

Dec. abs =.8 Lost Back Room Sun Space Dec. abs =.2 Lost Back Room SUIl Space 

Collapsed Matrix 14 17 69 Collapsed Matrix 52 20 28 

DEROB 24 31 45 DEROB 52 28 20 

TRNSYS 35 16 49 TRNSYS 47 17 36 

Jun. abs =.8 Lost Back Room SUIl Space JUIl. abs = .2 Lost Back Room SUIl Space 

Collapsed Matrix 24 12 63 Collapsed Matrix 60 16 26 

DEROB 35 10 55 DEROB 68 II 21 

TRNSYS 39 7 54 TRNSYS 53 9 38 

• Opaque absorptancc 80% and 20% for left and right tables. Values are expressed as percents of solar radiation that entered the sunspace. 
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Figure 9 Comparison of the TRNSYS and collapsed matrix solutions with the DEROB solution. 

approximation; it has collapsed information and as such it has 
limitations. It agrees with the DEROB calculations within 
5.3%. Its very simplicity prevents it from providing detailed 
information on a surface-by-surface basis. 

The method to solve for the infinite series as a manipula
tion on the statement of closure has general validity beyond its 
application to the collapsed matrix. It is the basis, in fact, for 
the radiation solution incorporated into DEROB. 

NOMENCLATURE 

a 

a j 

Q. 

a 

r· , 
r 

Sj 

S. 

;::; area of smface i 
;::; absorptance coefficient of surface i 

;::; diagonal matrix whose i component is (Ii 

;::; total radiant power absorbed by sUlface ; 

;::; vector whose ith component is u i 

;::; denominator of converging infinite series 

;::; elements in (j 

;::; area ratio 

;::; fonTI factor from sUlface j to surface i 

;::; matrix whose i j component is Gij 

;::; distributed form factor from surface j to surface i 

;::; matrix whose i j component is Jij 

;::; modifying matrix 

;::; total radiant power received by sUiface i 

;::; vector whose ith component is R; 

;::; reflectance coefficient of surface i 

;::; diagonal matrix whose i component is I"j 

;::; primaty radiant power source from surface i 

;::; vector whose ith component is Si 

;::; luminance factor from sUlface j to sUlface i 
;::; matrix whose ij component is ('iij 

;::; transmittance coefficient of sUlface i 

;::; diagonal matrix whose i component is Ii 

= outdoor components of 

Thermal Envelopes VII/Building Systems-Principles 

II ;::; summation vector 

'Vi = total radiant power transmitted outdoors through 
sUlface i 

!It ;::; vector whose ith component is 'Vi 
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APPENDIX A 

The distributed form factors for the collapsed matrix solu
tion are 

where 

The distributed form factors obey the symmetry condition 
Jij1j= Jj;A; and the closure condition Y.... ~ +:rJ.[ = Y... where 

- - -

LU 
The matrix product gives the distributed form factor 

matrix, L::: Q'~ 
It is peculiar to the collapsed matrix solution that the 

distributed form factors arc the same, independent of the 
clarity of the glazed partition that couples the two spaces. 
Clarity is the measure of the clearness VS. the translucence 
of the glass. Light transmitted through a translucent glass 
appears as a source of diffused light on the exit side of the 
glass. Light transmitted through a clear glass becomes a 
source only after it is reflected from a surface. The details 
of the calculation, however, are different for the two cases. 

Clear Glass 

r =[6 ~ ~ 0 0 

o 0 
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APPENDIXB 
For a single uncoupled space, the collapsed matrix takes 

the form 

L = ~ (fi"[I::A::;I)l) 0 = 1- r, [1- f 0 - r1 )] 

and for the special case when the space may be approximated 
with two large parallel surfaces, such as a solar collector or a 
Trombe wall, 

f = 1 J = ~(" ... :I .. ) {; = 1- 1,1, ' 
= 8 1 : /"1 
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