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ABSTRACT

The mathematical formulation of radiant heat transfer problems
with variable radiosity, which is defined as the total radiant energy
leaving a surface, leads to a set of integral equations. An extension of
a relatively simple method, described in[ |7, is introduced to solve thesge
integral equations which are of the Fredholm type. These integral equations
are transformed, by using the stokes theqrem, into a new set of integral
equations which consists of two parts. The first part is a contour integral
and the second, an area integral, The zero-order solution can be obtained
by replacing J (radiosity), in the first part of the new set of inmtegral
equations, on the surface boundary by the average value of J over the boundary.
In many practical problems an approximate closed form solution (zero-order
solution) will give results of excellent accuracy in comparison with the
exact solution obtained by numerical methods and is obtained without an
elaborate calculation procedure. For the most severe cases, i.e, very small
spacing ratio and surfaces with high reflectivities, this so-called zero-
order solution is not acceptable. However it may be used as the starting
solution for iteration of the exact equations.

The problem of a system with finite parallel surfaces having
difforent temperature profiles {s solved. The values of radiosity for the
constant temperature case, obtained by the present metho&ﬁave been compared
with those of [2], obtained by a variational method. Systems with different
combinations of W/L (width to length ratio) and H/L (spacing ratio) where
the zero-order solutions are acceptable, are examined. The average dimension-

less radiosities along the bouandaries of surfaces 1 and 2 (i.e. B? and B;)

1 Wumbers in brackets refer to references on pages 48-49.
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have been computed for both surfaces having identical and constant temperaturesg
i,e. T = Ty = constant, Various combinations of WZ/LI’ H/Ll, W_ILI, and L2/L1
have been employed.
It is to be noted that this method is not only applicable to two-

surface gystems but also to multi-surface systems having different temperature

distributions and variable radiative properties,
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Chapter 1
INTRODUCTION

l.l.- Back Ground

The study of radiant heat transfer problems involving the exchange
of diffuse radiant energy among gray surfaces separated by a vacuum, or non-
absorbing and non-emitting medium, has been stimulated by modern engineering
technology. Applications include the trausfer of waste heat from space
vehicles, solar enmergy conversion devices, ete. Eckert and Drake[3] have
proposed a simple method to evaluate the heat transfer by assuming that the
radiant energy incident on the surface and the local heat flug are uniformly
distributed over the entire surface. Based on this assumption, the governing
equations for radiant heat transfer become a set of linear algebraic equatiuns.
The angle factors commonly tabulated in the literature can be used to solve
these linear algebraic equations. But it was found that large nonuniformities
of incident radiation and local heat flux could occur as the spacing between
the surfaces diminished even for constant temperatures of the surfaces[2,4-61
In order to obtain more accurate estimates of the over-all heat flux, the
variation of incident energy over the surface considered should be taken into
account. Then the mathematical formulation of the problem for variable
radiosity, which is defined as the total radiant energy leaving a surface,
leads to a set of integral equations.

1.2. Exact Solution

Except for a few special cases, such as a spherical cavity or
cylindrical arc(7,8] , closed form solutions of the integral equations are
almost unobtainable. Solutions have depended upon numerical computation

by iteration or finite difference [4 6], approximate solution by variational



method [2,5], or kernal approximation[9]. Even for semi-infinite systems,

the computing work for all these methods is formidable. To reduce the com-
puting work, the governing integral equations are transformed into a new

set of integral equations which are suitable for rapid iteration. It will

be shown that the explicit approximate solution (zero-order solution) for
radiosity and local heat flux will give results of excellent accuracy in
comparison with the exact solutions. These explicit solutions can be obtained‘
without any iterative procedure for some cases of finite surface system
involved with different temperature distributions. The effect of differentv

radiative properties of the plates and the effect of variable temperatures

of the plates can be examined rapidly by using the approximate solution,




Chapter 2 !

“METHODS FOR SOLVING INTEGRAL EQUATIONS OF RADIATION HEAT TRANSFER
The energy equation governing the thermal radiation process is ‘
found to be a set of integral equations (4] . Closed form solutions of these
integral equations are possible only for a few special geometrical con-
figurations([78). For the more general problems, either approximate analytical
or numerical methods are used to obtain solutions.
A finite difference mathod was used to solve a problem of semi-
{nfinite adjoint plates{4). This is a problem of only one dimension, i.e.
radiative quantities a function of X only. First, the linear integral
equations were reduced to a corresponding set of linear algebraic equations
with 50 mesh points used. A solution was obtained by solving a set of 50
simultaneous algebraic equations, The solution in the range 0.54X<41 wvas
established as correct, Then the 50 unknown mesh points were concentrated
in the range 0<X<0.5 from which a correct solution in the range 0.25<£X<0.5
was established. The procedure was repeated in tﬁe range cloger and closer
to the vertex of the plates. The values of radiosity near the vertex were
obtained by extrapolation, because the common edge is a singular point for
any numerical calculation using finite difference methods. Another numerical
approach used in solving the systems of two semi-infinite parallel plates
and two circular disksT46]is that of successive iterations. The general

governing equation for two sémi-infinite parallel plates having the same

Hz b ch. '
BX) =1 +P 3 ), Bz o0z (I

temperature is (4]

The distribution of the unknown radiosity, B, was first guessed. Then,
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for a fixed position, say Xl, numerical integration wae carried out on the
right-hand side of the above governing equation., A new value of radiosity
was obtained at Xl. The procedure was repeated at 50 to 100 different points.
The new set of radiosity, BI(X), which was generated then served as the next
input to the right-hand side of the governing equation. The process was
repeated until an acceptable solution was obtained. For each iteration,
numerical integration was carried out 50 to 100 times, Both methods
require a digital computer and a first 'guess' is necessary for the latter
method.
The variational method is one of the approximate analytical methods
used to solve these heat tranfer problems, In Sparrow's early study(5] ,
consideration was given to problems in which there was a single unknown
function, a single independent variable aad a symmetric kerral in the
govarning equation. A function which makes the variational expresgsion an
extremum 18 a solution of the original equation, Suppose the radiant
heat transfer problem is governed by the following integral equation
B(X) = G(X) +)\j: B(Y)K(Y,X)dY
where G is a given function of X,:T\‘a constant parameter, and K(Y,X) a
kernal. From the calculus of variation[IQ], we know that when
functions are found which make the variational expression, I, an extremum
(actually a maximum for our radiation problem), those same functions are
solutions of the original integral equation. The variational expression, I,
is (5]
b rb b 2 b
1 =7\J LK(Y,X)B(X)B(Y)dXdY -L (B(X)) dX + zja B(X)G(X)dX

a



It is extremely difficult to find the functions that provide an absolute
extremum. The approximate solution of problems expressed in variational
form can be obtained by using Rayleigh-Ritz method. According to this
method, a set of function fl(x), fz(x),'-' is selected and with these, B is

written as follow
Y
B(X) = ;;& Cnfn(X)
r

B(Y) = < Caln(Y)
where Cl’ Coseees C, ave constants to be determined. With this choice for B’s,
the integrations indicated in variational expression, I, can be carried out.
Now, the expression for variational equation is a function of Ci, cz,'°',c,.
To find the extremum for I, the expression of I is differentiated with
raspect to each coefficient and each resulting equation is set equal to
zaro. Than the unknown coefficients are evaluated by solving r simultaneous
algebraic equations. Frequently, a polynomial of successively increasing
degree, satisfying the specific boundary conditions is chosen, It is shown
in [4] that for a system of two semi-infinite parallel plates with the same
temperature and H/L> 0.5, a quadratic solution was satisfactory. .As the
spacing ratio decreased, a quartic expression was nacessary to obtain good
results., Recently, Sparrow and Haji-Sheikh[2]presented a generalized
variational method for radiant exchange between N surfaces, each of which
might have a different temperature distribution and different radiative
proparties, The procedure for obtaining the solution remains the same.
In two dimensional cases (finite surfaces), certain quadruple integrals

must bz evaluated in order to find the coefficients of the function assumed.
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According to[2], it was convenient to carry out the first two integrations
analytically and the others numerically, The work was formidable.

Another approach, known as kernal approximation, is also used in
thermal radiation problems. The aim of this method is to reduce the integral
equation to a differential equation., The actual angle factor (kernal) is
replaced by an approximate exponential function. Usiskin and Siegel [9)]
used numerical integration, varlational and kernal approximate methods to
solve the game problem, Among these three methods, the agreement between
numerical integration and varlational methods was very good. The results
obtained from kernal approximation method did not agree very well with

those other two methods.
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Chapter 3

CuieoN, BOUN T

3.1. _Equations of Radiosity and Irradiation

The radiant enargy exchange is among N surfaces which are assumed
to be gray and to emit and reflect radiation diffusely. Those surfaces
are separated by radiatively non-participating media. The total radiant
energy per unit time and area leaving an {infinitesimal area dAi,as shown
in Figure 1, is defined as Ji(si)' The position of the surface element dA;

is denoted as Sp» vherea i = 1, 2, 3, =N,

—

ni
6;
~

dA,
i

Figure 1 Configuration for interchange between two infinitesimal elements
The out-going flux is composed of two parts: the direct emittance
6;01?(81) and the reflection,fﬁﬂi(si); Hi(si) i{s the total radiant energy
impinging at S, per unit tir= and unit area. Then PiHi(si) is the amount of
i
energy being reflected, Thus the outgoing radiant energy, called the radiosity,
at §; can be written as
3085 = Ey(Sy) + ﬁni(si) (1)
4 -

whare Ei(si) = @ic&'Ti(Si) is the emittance.
Since the surfaces are assumed to be gray and it is assumed that Kirchhoff’s

Law Gi = O(L is valid, the relationship Gi =]~ Fi applies,and Equation (1)
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bacomes

Ji(8) = Ey(Sp) + (1 - ':'i)”i(si) (2)
Bquation (2) contains two unknowns, J;(S1) and Hi(8j), which are functions of
position S;. TIn order to solva Equation (2), an additional relationship between
J1(83) and H;(5;) 1s requirad.

Conslderation is given to an infinitesimal area dAJ.. The energy
leaving dAj is Jj(SJ- )dAJ'. The amount of radiant energy laaviag d.\J that is
incident on dA; is Jj(s )dA dAj dA , whara dFdl\j ah i3 the confisuration
factor of dAj for dA;. This factor is definad as the fraction of energy

directly incident on a surface from another surface assumed to be emitting

energy diffusely. In mathematical term.;,

cosai ms 011

dFJAj-dAi T l"" dA{ (3)

wiere Ty ig the distance between S; and Sy on dAy and, ddy. 6'- and GJ
are the angles subtended by r;; and the normal of dij, -rTi, and that of day, -;l-j‘
respectively as shown in Figure 1. By applying the rule of reciprocity,
dAidF&Ai-'dAj = dAdedAj-dAj_ , one has Jj(Sj)dAidFdAi.dAj. The total amount
of radiant enerzy impinging at Si on dAi due to N gray surfaces can be i
expressed as
_N
Hi(Sq)dA; =j_._ J’J(Sj)dé\idl‘d;.;i da (4)

J
The result of substituting Equations (3) and (4) iuto (1) is

N Co§0: £050;
T8) = B+ 80—y )
= ;\ Tfru
Oas can introduce tha vector relatmr's, cos @ = 0.7y, rose = j' (T
whare nl Jml uJ are the inward drawn normals of di; and dA respectively,
-
r
-fr - i
Tha vactor Tﬂ'!'j is deawn from 5; to 5y and ¢} = -;3 = 'TI']'" Equation (5)
¥ : r
ean be writtea az
: N () (6)
j(S.\:-.g\—~ .ZJ IS) 5 CA'
i\ 1(1/ ﬁj# "‘j J(J T YE)' J



We can mike use of the following identities ywith the details shu.n in Aviondix 1,

curl(—;i—xn - (+; - 1)
i
- Y~ -
Qjj = - xn;

Stokes Theorem is Y

Iva-di =788 - [ visa if

After substitution, Equation (6) becomes,

Ji(S) = G<3)+ ZJVJ(QJ «d JA ()

where G(S> EG'T (S) Eé (Sc: QJ dC (8)

A location on the boundary of the surface is S In the present study, Jj is
not constant along the surface boundary. Equation (8), however, can gtill be
used to generate a simple zero-order solution of J;(S;). This can be dona by

replacing J-(Scj) by its average value 3-(Scj), where

J, (SCJ) ICJ j(jq ~ %)

The length of the boundary of the surface j is Cj' Thus,

J?(S.') 6T () - (SCJ)§ (10)

The superscript o denotes the zero- rder solution of a function if the contour

of surface j is composed of M parts, then the zero-order solution of J;(Si)

becomes,
°(s) = €6 T __a_g-?:‘j“ Sei) | Qi -dc, (b
J,;(Si) = €0 (SI) P S | ( CJK) Cic ijk © CJ'K

The average radiosity along each part of the contour,.j?(scjk), is defined

as before,

jjo(SCjK) = fCJK JO(SCJK) dCJK/C\JK (12)



Skl

e
Sy

4 -1 -

A

& \ .

.3 uhara Cjk denotos the lengih of the line forming the part of tha boundazy I

ko of the surface j,

;§ For a cystem of N surfaces, if the contour of oach surface 13 composed

of M lines, there ave MxN equations comprising M x N mean radiosities which

can be evaluated by solving this set of llnear algebraic equations simultanaously.
Than J?(Sj), which can be easily obtained, is used as the initial approximation
and substitutad in the right hand side of Equation (7) to obtain the exact
solution. It will be seen later that for many cases, the difference between
J?(Sj\fund Jj(Sj) is so small that Jg(sj) can be accepted as au excellent
approximata solution. of JJ(Sj). For other more severe casas, Jj(Sj) can be
utilized as the starting solution for iteration as described above,

3.2, Heat Transfer Equations

The local net radiant heat transfer flux is the difference betyean
the outgoing f£lux uad the {ncident flux. It can be written in the following

diffaerent forms

0:(5) = J(5) - Hi(s) o
C;a(Si) = e-,o-Tf(S;) - o H;(S:) (14)

The portion of incoming radiant emergy absorbed at position Si is o{{H{(Sy).

iy substituting Equations (14Y into (13) and eliminating the irradiation Hi{S;)

the cxpression for qi(Si) becomes

‘t i(si) = [G“T (S)“Ji(si)] (15)
Obviously, if Ti(S,) is known, once the variation of Ji over the entire surface
i

L is known, q,(Si) can b2 easily computed and the ovarall heat flux can bz
i
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cvaluated by inteoration from

QJ=TZ€"'“’A[ T () - Ji(8)]dA; (16)




- 12 -

Chapter 4

GENERAL GOVERNING EQUATTONS FOR TWO FINITE PARALLEL SURFACES

t
P J Wz
6,1, Radiosity Equatioas "
/ &
‘ x,
H
x

Figure 2 Flnite parallel surface system
Two parallel finite surfaces with spacing H are shown in Figure 2,
Subscripts 1 and 2 denote the lower and upper surfaces respectively. Surfaces
1 and 2 are kept at prescribed temperatur: distributions Tl(xl,jl) and Tp(Xp, 32).
For simplictty;éi is assumed to be constant and the environmental temparature
to be at absolute zero. The governing Equations (7) when applied to this

specific case become

3 ¢ L . |
Jl(xai)l):ﬁ(ﬂ] (xu;') o7 [%/COKJQ()QK )sz)ﬂm( . c}("jzk
+I V), X-a’:z'dﬁ-ﬁ] | (17a)

36c3)7 &0 T, 03 ’%T{Z_i fc,xj' (70 e dz
+£ V], dﬁ] (17b)

PR
25 "gs Srash
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The boundary or contour C2 of surface 2 is composed of four parts: 1,2,3 and 4,

The values of XC, 3 on each part of this boundary are: 1, x2= 0, 2, 52= -Wy,

3, X y=1, and 4, 32=WZ Thus Equation (17a) becomes

J(xl,}) EO-T (X, 30 - [f;:ZIJZ(O 32)a12l JC'M
+f J (X, W) Qg dipy J J (L3 C”C}}

+J;24L(12’W2)a.c-24' 46;4]+ _—j ZWJz" Qy C}A; (18)
By definition _d- = Tz xn
{2 fia
wh
ere — (x "xl)l +(3' 32)J +(6' 32)’(

T2 = [C-x,)* + (Y- 42)* *'(5: ZZ)JIZ
rz —[(x SHEICRY) *+(3- 32)2]
m =

and dCﬂ. dxg_l +d52

o (x,'X2)f< (3321
Therefore 12 = (x,-x;) + H2+(3, 53)

The first integral of the right-hand side of Equation (18) is evaluated along

the line x2 = 0 from Wz to -w

i (X~ z)k - (3~ 52) T d: X
J,(0 }z)[ S TCER l ] [Jx,_udgik]

Substituting DC2= 0 and dX, =0 1in this expression results in

J Lo X +H +(§:“Zz) 2

Wy,
Similarly, the safond ,third and Eourth integrals can be written as

(Wat3
J J (xz; ) (x,-X )2+HQ+(§|+W2)2(JI

1"[—2
5_ L3 e

(3i-Wa)
LL ) 5 A
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For the area integral,

JA V3a(x, 51)"6:2‘4;\;_
:JA [332. PAIYen ] [ (x, JCZ)K (3 32)'] ('IC,A?_)

X, 952 L(x,-X,)% + H:+ G 7.)*

) (x-%) T . (33 3L
I [ [y on Gt e

Substituting these into Equation (18) yields,

x,, GO"T n} U J()Ja I‘Tﬂ;;(’—ﬁ)‘ (JZ
L
1 (-3 dx,
SR et

(p3) dxa ([ XoXe 2%
J J(lz WZ) (% x) +H +(W 5 J J l(x, -X,) 2+ H: +(2), 52) X,

s 32 BJ’Q_ .
(1 o+ (G5 g2 ]lez C][jz} (192)

By the same procedure, Equation (17b) leads to

- et FI0 iy
(Ll" X3z) s (Wl 3 AJQ
+J ) AR i J I Hﬁz W
: (W-32) dx, (3273 M
J J65,) (X2~ -26) + H (W Zz) JWJO [(xz X+ H%( jr S 9%

X3~ % (19b)
G PG ax,]a 5




1
;
;i
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the zero-order solutlon of Iy directly obtainad frem Equation (11) or

Equation (19a), can be expressed as
.0 Xl d
Jl(x j) (xl)[)I) + zf)n [j( 2" )jw x *H X 3)2‘37)
W L,
) < (L(L x,)d}z o o (3."'\"/2)6]5(.2
Tl Ty e, e

7o (2 (Wa-F)dx
+J2(52‘W2)} (xl‘xz)z +H2+(W;3l)1 ]

After carrying out the integrations,

4 Wa-3 < =Wa- 41
J (X,,3)=€0dT, (xn»a)*m{ ZWCM”J’IE({THZT hmerz +H? )
-4 < __=Wa- 3:__ )
+]’@a¢9 f’“’( J(Lﬁpﬁ+r *N (L )+
3: tWe o La- ) - X,
J(}z bl“’W?) H (+a J((5|+W2) +H2 +0n'}’(5 +Wz) +H2)

Torx . Wa=3 (4 bo-Xx . N X, ‘)(ZOa)
% wz?ﬂWz‘Zl)z‘sz\* J(w) H hrf(wz—zozﬂ-l" )f

(20a)

Similarly, tha expraession for the zero-order solution of Iy is

-1} - 92 “'VA
s e R 2
, (L) Y 3_ I
i NJ@; T T T

Jat W ( A4 L=Xa g - =Xa )

+J—,°(5,:‘W1)Jf +‘\ "Hl +q ]pl(giﬂ‘/] I'Hz ,:J_(_-a'z—*‘ !)2+ H;.'.‘

; -2Cs
i W'W(J”ir” el s o)

(20b)

T3 =T () | s

We now non-dimensionalize the resulting coverning equations by introducing

the following: X= XLy, X 9= %2llyy Zy= Julihy, Zy= Jalily, 0H~d/ X}Jul,

=0 =0 LR

°L2”‘?.“‘1r ym n/Lprz W [y, Bprdifpy and S
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is the emittance cvaluated at o conveanient temperature and

emissivity. Equations (19) and (20) in non-dimensional form are,

__El(xllzl) I _Pl_ fz sz XNJZ?.
BI(XI)ZI) - - r { J B( 7 2) X2+Xl} (\L{MZ"'YWZZQ_)Q

f (i Z) Xw()lz XI)CIZZ JB YLZ(YW.#XWZ:)J/‘Q
(X )N+ (e, Wee)” )i Yiolo) “+ D + OBz

U ) ,Z Mﬁ JX XW’ Z,- w22z 1§'B‘2“
S e o el e i

sz(x, Yo X2) 2Ba, oIX (21a)
" - YLzXz) + ¥+ (w2 YueZa)* 3"2J dz°}

Eo(xz Ea(X2,22) B e. Yo Y Xzdz,
Bz(xz;22) Eue 2 Ez [B ) .)(XL >X2) ‘f'XH rU{MZ ){,/222)
(1- -YaXa) Y d2, _ (% szZz)C,‘(;
o R RN e AL j W Rt s e
J‘ BX,) (o= YyaZe) Ay j (szZ};.‘Xw.Z») 2B,
UKt O i) Aido (Nt oWz 22,

(Hi2Xz - X 2B C'Z} (21b)
(Kol X+ (YW?.ZZ“XWIZI) X ]c’)(

-+

0 _ E.(X.,Z,) P. - Yuo =ty s Yoz = Xw:z:
B|(Xl;zn)—' ER! 6 X [B (Xz- )’Ix'_‘_xz( JX, XH Jx‘ + ‘yH )

) XLZ X[ -!sz XWIZI —‘fqr;' "y\‘/2 ;XWIE‘ )
',/ o s O 0

S t¥ad (S =X 4 =X
+6 (—2’ Xm"‘b’mZg +X{ <MMZ+XWIZ|)2+XH l-aij(bw2+XHlZl) +XH )
Yz XmZJ Lo 2 X 4 =X :}
(7 '),J Yo YaZ )Vt ( (sz ~YwZ) % ~an J(sz 'XWIZI) + Y

(22a)
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and ( P X Y y X
° _y_agi). € 2 Yo Az A Ywi=twzZa _ 1o = w22
Bltata)* + [B =9 h/ () (hJ(XLzXz)Q‘fB/; JTJ XLZXQ) + ZH )

Ere
5«: (1- XLzXz) (L{' Yo = ¥uaZa _ 106' - Yy = Yu2Zz )
t}(‘ ~li2X2) H(H v rxuxﬁz“ Ya 'M‘Xszz)ZwL W

-B_T(Z.='l ’_-_i‘_—_-_——__=222 i XW' " - Yoy " -Yio X2
) (YlsI2~Zz+XI;I|)2+ Xﬂz J XH,ZZ.Z XM X‘ XWQZZ t Kﬂ)l X H )

) Yigy = $oZ2 4 1-YuXa 4 ~NaXy
B (Z: o 22— ~ fap = VD
'(7| l?jml'XNZQZJfXH r:”m szzz)— *XH )J@rmzzz) ¥ )sz

o
The zero-order solutions, B, and Bg, can be computed if the average

radiosities appearing in Equations (22) are known. To find B° |, say along

=0, we can substitute Equation (223) into Equatl.on (12). So,

|
. __Q_EQJ_Z_ - XLZ l‘{wz‘hz; T ! 2"3;,'12 CJZ
B (X= 0)= a Eq ! {B (X, > xm %lj XLZ *XH 'fi&a+3/“7 ) !

5 (Zz ) J R YJ|Z| —l Y2 d
;l(lez -Yly) +XH ,r (Y2 W) +)/H

B f;f"! sz**% |Zp Yin dz} (23)
"2 il (Y t¥L) rﬂ?wz+ WP N |

For the second integral on the right-hand side of Equation (23)

- Y- Yw.Z. -l sz Wil d
JT M.z Y T*Jx'-ﬁ XH)Z, I YL
= w2 W=l ‘

{ St Xml)fwj%ﬁ% +‘“1L32+1H——£ﬂ[ +XH (foo- M] (ﬂ;/? J‘Yz"—x_[-
¥ @ Ln [YLZ + anz*“ (sz*xmznﬂ}
-l
-1-Ya thi ~tah - _Xuglw_}

-1 Y + w2 ‘X Y
=(theth {TMW JXZ ;H :’ (sz-xw')[.hnﬁj Yo Yothe

XLz +}/ H +(Xw2 X\*ﬂ)

+le0 XL2+X|1 +(I(WZ XM




! \5v~ W Z; -1 XL;’ .
For tha thivd intearal ':7”":'_—“’ an me=memmmEoTe Wi ;
‘ ’ ";JO uwr~) Hn IJ(),W u,,w/ ’Jn !

Equation (23), let  P7 memscomm—m—s
/\Xw- }'WILI) )/2

Ater differentiating the expression of p, one can obtain

ch - - YL'?-(XW +YWIZ)XM dzl
r}(‘sz +XWIZI)’=+XHZ l ( w2 +Xw: *X ]

Substitute p and dp into the third integral and rearrange it, thus

. | \t{wz*z{wozl Ta -1 YLZ
- ;‘l(b/wf‘x;vlzc)axﬂz JXWO‘LXM l)ﬂ"YH
- P2 Y2 ton E }0
P Yoo p*
=—X~L3[ Tan,o+-_£n “‘_P_]P

P P
- N [N(sz*)mzl) DA Tan YLZ_________“ ,f XL).*YH H (Yot o) J
- YLZ ﬂwz*‘fmz o ¥ .
- ),LZ (sz Ym) - XLz }(Xwo Ym) )’H ﬂ YL-,
XWI [ Yl.Q mnr/ sz*Ym)l"‘ H \U/L'Z ° !()/W Xwa) rXH

| ﬂnYL” +YH ( W2 *qu)l }
XLQ_ "XH (Xwo XWI)

$imilarly, the fourth integral becomes,

J' )’w»-Yw.Z. tai! Yz = Y Zi

ﬁKt{w m 1 Xd IJ Xwﬂ XW'Z‘ YH )( }{ (Y ) |
2 (Y xw.z Y Yoo o dhg I
T \gt“ rL ’ - Lm[ﬁz YnZ) *YH s ]—I

\/ i Yw" "\u(m + /r: XLQ _.\( (,v;g XV,)2+2,,"21 "'___X_"__*
w L ra]l(ywz ’Xwo) 7{LQ anr](urv" le) + /‘.

+ ' fﬂ \U/L;Jrz(ﬂ +<sz+7{w1)d ]
= ML RA '
2 /L'l * l(H 'P()NZ'B/WI,)
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Substltuting Lhese into Lquatton (23) glives
(X =0 VE, (O; 4) ]., 1 _-_g _8_ | ﬁB"o X=1) 4+ Ro(- Nt To \
B ) Z), Eq e € 21 | 2< iJ) Qtu(ZQ:'O'PbJLQ(Zﬂ“D]

The other seven mean dimensionless radiosities of the zero-order solution,

o,
B 's can be found by utilizing the same procedure.

B0 :EZ. E.ézlm)d {l:B(Yz"le Bz, =1) +hy B2 ~'D} (262)

oy ! E (l,Z,) € P =0 —0 -0 -
Bx=D = % j | _LE}T_JZ' + —e% E}'-I{lg,raz(xfo) +b,B,(x,=() +b,B,(z,) +575;’(zz:,)} (24b)

) { E(x., 1) c’X, Ez P. {ba B%20) + by B2t =) +b B2, 4, Bz n)} (24c)

Ear 2
Blz#) [ EX:; olX, 27r {h By(4y=0) +byB(x,) +h,8 2(22='D*L}5E;(Zfl)} (24d)
_o) l/' Fé:nb) Az Z-Qﬂ{ x,~|)+b B( =) +b,8/(7* ;)} (26e)
Xﬂ)* | EzE(:uZz)d %r_[h’ Blx=0)+b,B;0=1) b, Blzz-1) + b, Bllz | } (24£)
Bz = J E‘Zx Dy, + £ e ” {23 BX:0) +h,Blx=) +b, 5E,°(Z,=~f)+bzéé,°(z,=:)} (24)

n
A 5 ;
259 f Ka,) Ax F { B=0)+byBl ,)+§7q(zlz-n)+505;(2,:,)} (280)

whers by, by,+++, by dapend on Yo Ym’ Yy \Xm and are glven in
Appendix (2)

The zero-order solutions of B1 and 82 ara obtained by solving
Equations (24), a set of linear algebraic zquations, for-the mean radiosities
and introducing the results into Equations (22). Now, {¢ the values of B1 and

B. on the right hand side of Equations (2la) aad (21b) are taken as the zero-

2
order values then a simultaneous iterative aolutions of Fquations (21a) and

(21b) can ba carried out. The (n~'r1)th approximation is evaluated using the

followling forms.
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nr! E(%,2) .) €o Pn n/° X dz,
® (h2)- EN G 27 U\B (OZ )’\n IR Mray

'n - )/WZ()LQ‘Xl Clzﬁ . o . (Y'-/z*?.(ml: M-Z Q’XZ :
"JB (*2)(\’, X X (LK) f/82('v‘z”)(Xr'zGMz)z?L2@ (St )
+ (Xm )(M*)) XLZ OJX° ' X/l"‘l szz?- QBZ
j B(X2' )(M*X X e Y2 +1|/o[(‘<l VAR R ol YVt

Yz (X - Xe o) dx. d a
+(X1‘YL2X2 +XH (XMZl yﬂz.—z)l C)X,] XodZ } (25a)
n+|(>< _,)“EZ(XQ,ZE) € Bffn Ao Yz Y Xa O’Zp
B, Yot = Ex €, 2m U, 1 '(Tn)() +¥i Oz~ Kz

v (1=YoXa) dz, (Yt Xwaﬂza) dX,
] [5(!7., (ERA TR j i ")(X, YiaXe) Xy +( )™
/ B(X,1) (Y= YnZo)dXy ; T[ (YiaZ2 - ¥uZ)) 1332
’ (X Kok )ZW(H *(Xm')‘wzf-a) (X HaX) s ¥ +(¥wzzz’XmZ|) By

Yo (o Xe - X,) dy (25b
(XL°X2 X) *‘XH (awzzz qu SX,J Z} !

4y, 2. Heat Transfer Equations

* %
Introducing dimensionless variables, «; = q4/Ep; and Q4 = Qi/ERi .

the expressions for qi and Q; become

(1 X'*Z)‘I [ﬂ‘ /Ek' - Bi(xi,2)] (26)

e[ il

Substituting Equations (?") into (’)7) and carrying out the double integration,

the expressions for the approxlmate solutions of total heat flux bhecome

%{‘:_‘ij €T, (Xl CJX (J” _..2.[38 Xp= O)+32 o 0*33 ( :__0*34"@(%_0]

E
’ (28a)
\AOTg ){o 7 S e X"O)
AnERZ f[ ERZ [a (I +35 X’ 7‘978( ‘) 33 ZI ')]
(28b)

‘The exoresiions of gl,gz,-'-,and gg are shown in Appendix (3).
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Chapter 5

TWO FINTTE PARALLEL PLATES WITH THE IDROTICAL SURFACE PROPERTICS

AUD TEMPERATURE DISTRLBUTTON,

5.1. Radiosity Equations for Two Dimensional, One Surfaca Problem,

In order to illustrate the usefulness of this method and compare

the values obtained to those available in the literature, a relatively

simple systam is considered which is the only known case for comparison with
published results [5]. This system consists of two parailel plates having

the same lengths and widths, and identical radiative properties and temperature
distribution, Thus, lef sz =Yw , XLZ = XLI =], 6‘:62:6

and TI(XI,ZL) = T2(X2,Zz). This is a two dimensional, one surface problem.

A one surface system is one in which both surfaces have identical radiative

properties and dimensions, and are at the same temperaturs distribution,

Then Equations (22) reduce to one equation which can be written as

Y - w"Y -1 X EwZ
B(x,z)=F(x,z)+zP { O)-——-—f(ranﬁ( o ﬂ%ﬁ>
A Y=L a4 =Y -WZ
8l O x> A (T“”J(T—"Ffr ton X v 7)
- Xﬁ +YZ 4 1~X -1
° == T p 5
B W )

IR T - *‘__':____ X ,,} (29)
Bl ')rJ(Xw‘YwZ)zJJ dnm AR T (y"’ wZ T‘)

There F(X,Z) = E(X,Z)/ER.

.1 . 0 v s
Fquations (24) utilized to determinz B reduce to four equatinns, namely,

B9 = 4f fondz g {10 B d, Bl ] oo
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B0 3 L’F( Oz + - {d Bleeo) 1, Bz e (300)

Bz 3 oo bl 1 B0y, B+, Bz =) (30¢)

Bz=) =, FO ek 35 { diB ko) 4B+ B0} (300)
vhere

d :J;L.YE r:;I:i{:; ,JHIJH1 ;jllfﬁ’ 7 Q"‘nlxy};yw

C;er _ +"l l%m’ﬂ

2 2, J%'WTX“ ‘?-XN & IWH +4Yy

- Ww lew I+ Y5 +4Y
el b= g+ bR

- QYW 'fm;' ‘ ZYW .l "l /Qﬂ 4yi XH
A P R E E J‘H’w% e I+ Yy 4y

The equation used for calenlating the (n + l)th approximation now is

n+) - P 'n . YWXJZ (=x)¥, dz’
B (X,2)=F(x, 2)+, U 0Z)5z; VL) [ (IZ)O ,\,)2+(Y’ii$ﬁ(z—1')"

Yy (1+Z) dX’ AGrALY
I (W

Y (Z- -Z') QB Yw (X~ X')
+J[ (X XVl ty(z-Z)* o +(X XY 1 ( Z) ox' ]CJXCIL}

(31)
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5.2, _The Tewperatuce Distribution of The System Considared,

If the temperature is prescribed at the surfaces of the system
considered, the distributions of B along the varlous surfaces can be
found by using Equations (30) and (31). Wow, three different temperatuve
distributions are used to solve for B and the local heat flux. The temparature
functions are as follow,

(1) Temperature is constant for the entive surface.

() T =T0(1 + (TI/TB ~ 1) X ) and,

(3T =T0(1 + X(1-2)(T)/Ty-1)/2)
T, and Tl are the temperatures at (0,1) and (1,-1) respectively., For
convenience, we let Epy =€ic'Tg. Then the f&nctiog f(X,Z) and the first
integral of Equations (30) are tabulated in Table 1. Numerical, iterative
solutions of these three cases can be easily evaluated using Fquatious (29),
(30) and (31).

Table 1. Values for function F and the first integral of Eqs. (30)

Case 1 Casa 2 Case 3
| 4 H(1-2) (T, /T 1) /2)"
F(x",;)::g(x,z)/am 1 (1+(T1/TD-1)X) (2+2(1-7 T2
!
%}'r(o,z)azz.. 1 1 1
-4
(TL/TO)S"1
1 4
%J;(1,z)dz 1 (14/7) 5(Ty/Ty)=5
ol
T 110} 1,/1.)-1
| (ll/T\)) -1 (rl J'c)
F(x,-1)dxX L .
% | (1,/1)%-1
i (F(X.l)d}{ 1 ——— !
Jo 5(1,/T)-5

feirdydaidpisomes

RS
3
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Chapter 6

RESULTS AND DISCUSSION

6.1, Calculation Procedure

The IBM 360/65 digital computer of the University of Ottawa was
utilized for all of the computing work. Numerical evaluations of integrals
were carried out using Simpson's Rule. The computer programming for the
cases of T=constant and T=£(X) are gimilar to T=£(X,2). Therefore only
the program for computing the case T=f(X,Z) is shown in Appendix &4 .
Since the accuracy of the numerical solutions relies upon the increment
sizes, AX and AZ, various increment sizes, such as £ X=0.1,42=0.1;

A ¥=0,05, £2=0.1; and AX=0,05, AZ=0.05 were employed.

io could be evaluated by solving Equations (30a) to (30d)
simultaneously. Once B0 is known, the local radiosities of tha zero-order
solution can be computed from Equation (29) without difficulty. These
values will serve as the input values to the right- hand side of Equation
(31) for the mext approximation, Iteration of the equation was carried out
numerically until the difference batween two sucessive approximations,
i.e. \Bn+1- Bn\/ B“+1, was less than 0,01%. For the more severé case,
\ﬂfn.s, X;;O.l and €=0.9 (Table 10), swaller increment sizes, such as

AX=0,025 and A2=0.05, were used in order to obtain accurate results.
In this severe case, du2 to the glow convergence of the solution and the
limitation of computer time, the solution of the eighth iteration was
obtained., The diference between the seventh and the eighth approximations
was about 4%.
The square parallel plate systems vith surfaces having thres

different temperature profiles have baan solved for a range of spacing
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ratio, X;, extending from 0.1 to 2.0 and for emissivities of 0.1, 0.5,
and 0.9. The discussion for cach case iy as follows,

6.2, Constant Temperature Case

The local dimensionless radiosities and heat £lux for tha constant
cage are shown in Tables 2 to 10 and Figures 3 to 5 respectively, Siace
the values are symmetrical about X=0,5 and 2=0, only one-fourth of tha
values of B are presented. The prasent results are compared with those
obtained from [5] using a variational method, in Tables 2 to 10, For X;=2,
the agreement is good and the zero-order solution is acceptable, For
decreasing values of the spacing ratio, the predictions of the variational
quartic are less precise, For example,x;=0.5, X;=0.5 and f3=0.9, the value
of radiosity at (0,1) is about 37% higher than the presant method. For );=0.1,
shown in Tables 8 to 10, the values of B calculated from quartic do not
decrease continously from the centre of the plate to the plate boundaries,
as 1s requived by the symmetry of the system. Also for the cgse, Yh=0.1,
X:J=O.S and F=0.9 (Table 10) at (0,1) the value of B is less than unity
which 13 not possible, From Equation (2), we know that B i3 never leas
than unity. In order to get more precise results, a sixth degres or
even higher degree polynomial is required in the variational method,
Attention may now be given to the local flux, For Z;I=2. the variation of
heat flux is not very large over the entire gurface and almost equal to
the energy emittad., The problem thus can be formulated on the assumption
of uniform radiosity over the entire surface considerad (Figure 3 to 5).
But the dacrease in gap spacing, X;, w7ill increase the non-uniformity of
heat flux ond its level decreages, Tha assumption of wniform B is not

applicable, The minimum h2at transfer occurs at the centre (X=0,5, =)
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and a sucfaca with higher ewissivity has greater non-uniformity and lower
local h2at flux. Tn the widdle vegion of the surface, the heat traafer
rate approaches zero for swall gap ratio and high emissivity, for example
X” =0.1,b; 0.5 and €=0.9 or P=O.l (Fizure 3). 1t is shown that the

solution of a system haviag high emissivity surfaces converges very rapidly.

Only a few iterations are required even for very small spacing ratio

(Tables 2, 5 and 8).

4

6.3. Linear Temperature Variation in X Direction Only.

Tn this case the temperature profile, T=r (1+(T1/T5-1)X), is
uged. If Ty/Ty=1, the problem becomes the same as the previous one,
The solutions of T1/T°=0.5 were solved and are shown in Tables 11 to 13
and Figures 6 to 13. The heat fluxes are symmetrical about 2=0, Dis-
tributions are entirely different from those of the constsnt temperature
cage, For thls case, the maximum heat flpx is at the end points (X»0,
Z=f1) of the edge possessing maximum temperature. Heat flux varies.
slightly in Z direction but significantly in X direction, It is mainly
dua to the prescribed temparature, For a given value of Z, as X increases,
the local heat flux decrzases considerably and an adiabatic point may
occur, When YW =0,5, XH=8.1 and € =0.9 (Table 18), near the centraliregion
of the surfac#, heat gained at that region is more than heat lost and a
negative heat flux is obtained., Near the edge, i.e, X=1, the hsat flux
increases and becomes positive,. This is because more heat is transfered
out than is absorbed in the large low temperature area and due to geomatry
effect also.

6.4, Temnaerature Variation in X and 2 Directions

Tu this case, T=T0(1+X(1~Z)(Tl/Tg-l)/Z) is used, The solutions
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of T1/TO=0.5 are shown in Tables 19 to 25 aud Figures © to 12 and 14, Ouing
to the symmetry of temperature distribution about line joining (0,1) wudl
(1,-1), the results obtained are also symmetrical about that line, For);éﬂ.ﬁ,
minimum heat flux is at the point of mininum temperature., Decreasing the
spacing ratio, i.e. )ﬂ{, will cause the mininum heat tlux to shift along the
line of symmetry towards the higher temperature area, Although the end
points of the edge along X=0 have the same temperature, one end has a heat
flux higher than the other. This is because the location having lower heat
flux is exposed over a large area of higher temperature and much more energy
is absorbed than the other one. Since the temperature profiles are.strietly
arbitrary, data obtained from those cases are not avallable in the literature,
and comparisons cannot be made, Also there are no variable temperature cases
done previously.

6.5. Zero-Order Mean Radiosity and Zero-Order Solution

0
2

H/Ll’ WZILI, Fl and 92 are plotted as Figures 15 to 39. Systems of diffarent

Craphs for BZ and B, vs. wllL1 for different combinations of LZ/Ll
s

combinations of W/L and H/L, where the zero-order solution is acceptabliz,
are examined. This information is then shown in Figures 40 to 42. 1In the
region below the curve, the zero- order solution is considered to be
acceptable, For example, in Viguse. 40-H/1=1.15 and if W/L is Iesé or equal
to 0.1, the zero-order solution is within 0.01% of the first-ordar solution.

Tha coafficients, By5g0" " % and 83 of FLquation (28) have been avaluated
, o 0 ¥o
and are tabulated in Tables 27 to 32. Method of caleulating Bl, 62, ql ,

0 . . . v s
o, Qo, and O will b2 shown by an example in Appendix 5, usiag tne Figures
1 yA

2

and Tahles.

q
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Appendix 1

VECIOR TDENTITIES

o

anl (%) -2 (e
] Ty

fAJVXE-JK =92J5-d€ -4V\Txa-oﬂ\— (A-2)

In the Cartesian coordinate system,
2 2 2qY2
1 =(ximx) " (g + i3]

The identity for the curl of product of two genaral vectors is,

) (@x7) =F0)T-(G-0)7 + T(0T) - V(vT) s

Substitating 7; =.;3 / Ty and-; =1; in (A—3) results in
—ﬁ‘ -‘;:’
(Vn) fi(y- =)
7'

Ty 'r}_rd- o+
curi(?jrxn;)-(n;'\v)Ty (ry

The dal operator,{/ , involves only coordinates of j surface. Then

N R -
cur (4 ) =75 - (v ) (a4

Since T. Ty ® r1J/rij’ Equation (A-4) bacomes
Cur.R(G/ry XM ) =-(r-v) ﬁj/r;j‘ + E(V'fj/rj) (A-5)

From the first part of (A-5), w2 have

n (IJ"II)”'() Jn)J+(5J 3);( ) T’: 3 '-f?
(n V) [(x l)2+(jj H)z ZJ J nj"D_\LJ:[F})FHT%JlT’jIJ (A-6)

where n_,n ,and n , are the components of n, in X, \I/ and} diractions.
xi zi i

yi
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In the first part of (A-0), differentiation is carried out and we have

._?_[(XJ‘Y i+ (4Y; J%)Jj})&} Tlx, yn_’f*.2<"xj“xi).

i [i; ~
SaglGg) (e Grgt T (h7)

Similarly, the second and the last parts of (A-4) become

th [ / ]_ ”:uJ ”\93(3‘:‘4‘3;)7@3-

; (4-8)
R gl WY N7 7~ Ji)—
hyi szg[ﬁj/fﬂ =-;;2—k “ﬂg'—LJ (4-9)

Substituting equations (A-7), (A-3) and (A-9) into (A-6), we have

new) i =i - = (n 5% :
From th? second part of (A-5)

| ——
V~JL “*“(V = (V2) T,
.3 2 [
B r; E.;}'(YEJB)
o
YEJZ (A-11)
Substituting (A-8) and (:\-9) into (A—)) results in
ﬂ
curd (- S+5er)e-nl-=
r (5 ¥ ) = 7 ry*(h' ITJ)@ i 'ﬁ')
2 —— ey
:h—i(nl J)}j (A-1)

From the Stokes Theorem, j) V c -/(’\\7)(17) Q/,Zr
Int V ~<ba. whata @ iz a sealar, then
§ da-dc= [ (7390 d7 B
:jA((;)Vx?z%quxa )'Q’A

Therefore,

/ (ﬁQ e //fb\'a 0//1 (A-2)

gl
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Apoendixn 2
PARAMETERS OF MEAN RADIOSTIY, b,
i
Tre expressions [or parameters b,y byyeee, and byp can bz found

by substituting Equations (22) into Equation (12) and carrying out the

integrations. For example, let the coafflcients of Eg(xfl), 73;(22%1)

B,(Z,#1)0t Equation (23) be by, by,and by respectively, The other parameters
can he obtained by the same method,

__ Nl /( A Yty _ ~lwz XW'Z')CJZ

b iy R TR m !

R MY [1. | Bt Y Ta!;' Y2 Y ] Yw(?fwz Xm)(h-l Yzt

I A A T e m Y

Tal\l sz"X\w] XLZ ﬁn Xlg + X}{z +(XN2"XWI)
¥t Ve ijz Yo+ Va '*(M*Xw;)z

hed j ' YwzthaZ) ton - Y2 J

2 2 ,4(Xw2+XmZ )27%3/2 »/(sz*xmz) +XH
00 7 i o Jia  \(Swe=B)+ Vi T Yo
2 XWI J Dl +sz)2+ b/,f 2 XM h{(blwz"Xm +XH

XLQ In V2 + Y5+ (b )
‘WM Yo+ Vi + QoY)

b= b,

(X,vﬁzm [ "XNZ"XM - ~sz‘9'w,] (XM\ Xl«j_l./fal Y2 “Xm —fon " b/bvz‘?fm]
b= 2%, Jir v PlnyH J'+XH Py [I+528 JHXH JHXH‘

R | » [+ ‘6;;" '*‘(?fw,z“‘fw:)l
2% B Xﬁ +(D/\41+XWI)2
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(XIA ') bwj"){w) bp, +>{Wl n (XNZ Xv; (m ¥ X,.*

XM[\“ Xll *X" J\XL” ,)’ZTX:' 3*’/[(& l.) ['XH J(Xu ‘) +2’H

(XLo D) Qn (tYLz“,} + XH *(sz"Xm)
2¥w O{Lz“')l + 3;!2 (2 +iw) ‘

bf (Y * o)+ 8 [Jr o= — " 7 O ) ‘
Zpr p}(xﬂ?*’z{w: +XH J(Z{m iy XM) + ?ﬂ; 2 Yo

[fa - Yol ]+ (- l)ﬁn (-1 "’XH +(XW"+1YM)
,J_(sz"Xm +?f“ J(sz'xm XH 4')/\')1 Q{L?. ') +XH*(XW2 ”/Wl
‘ 0 | + XH "‘(Xw,ﬂ(m)

+4 Xm a I+ b/rzf +(XNI“XW2)2

by=by

Yz Xw Y2~ Yo 1 Y 'Xw Wz = Vi
iy [fﬁh'dn%m ]
(sz :I'wl) lh {+ XH *(Xwa B_Q (sz *le) I |+ b’HZ“L(sz*XM)z

2 R SV N T

b 4 Y2 d’ﬂi _ =B ' X/g;{q_;_
Wy XH[ODM)Z oy Ta”m‘) XH] fe %[ JXLZ

o “| ,‘{W., Ym] (Xwg‘?fw, anﬁzn F(fya™ %H) __(Xﬂf’%‘u)ﬁn (! )*X.q +(7{w2‘*:ﬂm)2 :
) Yo+ Wy 2 (XLZ'OZ*“X; {2 'Xm)z 2 XLQZ +qu2 Yzt )
|2(Xwn*yw2)

b= [‘_ R T _an“)' 2| J . Yot dwe
J(wa'}wz) XH W«n rvz) +XH ) J(qu“XW?)l‘*ﬁ J(Xm Tia) o

} ‘l Xl 2-| ] ~| 3 bwﬂ// 2], /H * Om (2 )

[Tarrl ( l/f wa*\u la“r] \Jw;*‘fm) + Z‘H ] z “ O/LZ LZ(H +( zw* wz)

0y /J*Xn)}) (Xl D "((H P(Xm Sz )2
2 + ZH (ow +Y, u)
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sz(ym )n) 1 Y- 4 &* ywl
r’ bwz Xw' h« [h ,(Xw )w:)”ﬂ Tm/(fw_ S+ ¥y H] IJ(XWZ XW) "JH x

[fw' Yia | ~-Ta A ]+ Yua= {n N + QYo

T ) m T T (e P
(XN_ Xm)ﬂj) (XL_ |) PXH +(:{w" vl)

Xm *XH + (Yo~ K‘M)

b = Y- le.’.n' sz-‘)/w» Xwﬁxw ' 1y +Xwn | Qn [+%, +(¥\m Xwa)
16 wa,/_*\{n “"XH sz,fh‘«fu r‘“ i z}fwz Y5+ Ot we)*

h ___PKsz*'va:Jz‘LXHI fan P (Yw- xm)*XH ]L -
U 22 IJ (sz"\@‘m)z*% 2 ¥z J (XWZ‘XNI)Z*' er
| Q, | + Xff + (Xw; + Xw.’z)z

+ 3 -
e %+ (i Yo

ba=byy

b = Yo (Y~ Y2) fan | fya= Yy Yn.z(?fm* ) tan 4 Yt Bz
T T sz i e T

YLO I 0L2+?ﬁ4 +(fy - Yo)’
Xv? Yot *%.*\o(' 2)2
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b __U Ylu Y_) i -l thz le }_(’ Y? (wn N’ ;l__Wl’* ()/W')
2 ?ﬂv_ﬁ YLz) h lj(' XLQ)'*XM szr/("\m) B r[("ﬁlz)g\‘ﬁ

L"Xl 2) Eﬂ ("YLZ +XH k Q‘wn Xwa)z
2% (-Yo) +)/“z '*(Z(M"sz)z

(B *'XWIJ | ~ YLQ ;J Xm Ywa XH _,_n | = y!.?

—— H -
25 24, fan ,](y,,2 AT 2 Y2 N =) ¥
RPN B o R (T PO T

4'YW2 (‘x;_z +XH +(Xw,+{m) -—Xwo [XWI XN" + H

;J(Xwn *szlﬂfn +an ~ Y2 M-Q I YLz +XP (sz*?fm
2Y¥wa /(Xm*y”z) *D/H 4XY2 XLZ +XH + (- XW()z

y L" M Xvn tYw" 'X Yw - \L(wz Wi + 'XN_ le
bej_ XLZ [f r:[a:.z Yy ,ﬂ/» +XH] XLZ[ 2(H XH J

sz"qu l YL2+XH +(XWI*YW) (Xwn XWZ) +(Xw sz
2¥2 XH + (Yt )’ 2% (L2+XH +(Xm va)

m [‘faﬂlM}:‘ - “’ Ya" X\vl] ;Jl Yu YH['. 1' Yﬂglm

b= Yo & 1Y ,ﬂ M Yio NET A
-t-q N sz‘*‘XWI ] N sz*’Xm Qn | + ;{H *‘(prt»)/wl):
F’( 2(1_7_5 ZYL" -XLJ +XH+(YW2+XW1)
sz"})\m I (I- Yo’ "XH *({WZ‘YW')
Z 31_2 ‘ + X{ (Yq? XWI)
(=) (o Mo oY 3 4 —_—*_—3.1—2-::_—_
b{XLZJ(KwFXw f;y‘; [er; m fl.)2+‘)H JL)]LG m )v")”ﬂ 2 HFYL&)Z*YH:]

,\_\./
| g ——

(Y K(‘ *)H L!z) ﬂ XL TbH H¥~ Y/?
¥ 2¥0 [ |+ "H (Z/;n g ! W (K V)
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N
2%

Y';*Y\{_’ [ "|, ’_ — —(I-Y )”}On _/_.J____)ﬁ’l___«
YL»,, )m*),/n *z’n J-O{/' HH . N " Ew’) *?‘ﬂ

Yk XL’ ] (Ym XN}.) [Jn (RN r(b/vVI‘LXM
- m»/( w: /z Xn 2% ! }) 'O/Wr*b/ 0)

_L YLz +) (om sz)z
1 X (Yw. *sz) ]
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Appandix 3
PARMETERS OF HEAT TRANSIFER, g n
Ry substituting Fquations (22) into (27), the cxpressions For

0
the Q

), are
a'TT (‘{n, Z ! X *sz Y.,,Z, ~l Ym X\,,
A Fm [ / Eri JXIO&' HJ ol Xi 4 Yi(b r’/xz i Tanrl ; YHZL)JYJZ}

Ya-X . - sz Ywnz ;""X 3 os
U J Xu2 +ﬁyn nhu fﬁ/p’, o N(Xul_!g Xn)w‘%l )AX'C,Z'} B‘Q(XZ—')

4 Y-

ik YNI ! XW’
+ﬂ}oJ(Xw12+sz ‘{H ( an—;‘Xw_tzt M) 2(H nJ(Xm Z sz) )JX OIZ}BZ(Z l)

Ywz - Y\mz[ 4 Yz - X% -l } »:__l e )= .
U LI X Q‘Xw, T tJ sz‘XmZ« *Xw Tan/J(sz ‘lezl)z*}): )O'X' O’ZJ BZ(Z"‘:,) ] N l)g

W

o | (€ 6,6 Ta (X,,2 To(X22 ) = YaXe - Zﬁ-ﬂfmzz__
A I;L / / Eqa (JX J 4 T[Uj J( oxz)l'* Xug (an[\} YL;_)XZ)Q"P'XHZ

Y -twa Zo vazz I- \({L"X" ‘ Yoo = UwzZa
T T 0% T CIXJ B(X o Uf (1-YXo)'+ K’ “Noka) W

-l Xw: Y,,[n SO0fy o szzz*)wr—” - dLaXe
“Kmdmﬁwﬁm‘wﬂbmmawﬁmmﬁmoﬂ

",___lh_ﬂl(_ﬁ_, Ywn Y i2~2 "l |- Yo X'z _
/(szz XM) +XH) k Zz} i U IL[ rn “Yura) +YH anf(l(wu')fwzzz)")*rﬁ
; Xszz _ .
i l‘a J Yon- Yz z) )CJXZCLZ jB ,)] ¢-2)

Let the coefficients of Lz(‘(2=0), BZ(XZ:l)"”' and F’L(lel) of LEquations

(C-1) and (C-2) be 81y Bpotts and 8g- Then,

i -1 O lezl _ "l \2{\1'- Y\aill
bl [~ e

After carrying out the douvle integration, one can obrain the following

expression for gy




- 3o -

et I N PR TR T O R PN L R 90
9 - /E Vi ( 1\} |+ Bh szz'?{mhm Yy z ! 0y *(Y ) )
}im w ﬁ ")N X \m )’v_ ! | Ym \50 I I+ XJ*(X "aY.")z

t _ __'e.' - Wi w‘;.,
Xm ()m )W‘ J ' BH BWI XWZ D/H ! 2 J b,{ *‘(Xm"b'/n'2>~)

4)( [{'% H(lr? ,«.)Hn[l% (e ~1)} {Yu*@( W) ﬂ“[?fu (nz%.)z}
+[XH§*(Yw2‘Xw!) }’én[rﬁ(xvz“yw)) ,;—[,+XH+(XN2"XWI)2}4&1{'!+X:+(YW2-XWI)2}J B |

Similarly,

3 [[\{wz*)wn) (m fan - “sz Y _I\J( " 1) e XHT | VoY

2 You Yz tn (JXL'WXH sz"val m )+ XH

I ﬁn (Ye- ') "‘Xn + (Yo +Xm)2) (Y- sz) m Tan -l pr sz
W (st W Y Yo Yz ,JX, +Yy

AJ\XLa ‘)2 XH T '\«{m W2 I Qn (XL’." ') +)H+(XWI 'n'z

XWI ywz J(Xu |)+Yl 2 YLZ +D/H2+(¥WI'"YWZ)2
1, [{(Xm 0%+t (ot Vo) }R”{(Yu Y (o 5 } {Xéﬂ{ﬂﬂ(;fmqu)}x
|

Jzn {XLZ * Hz'* (sz U Km)z} - {(Xu“ ')Z“LX;* (Xve‘ va)z } ﬁn {(XL[ ')2* Xf* (sz ’Xm )}
+ {Yfi T X;'*(XM‘XM)Z} JZ“ f XS* tYHZ* (:(wz - Yw:)z} ] ]]

XL?. N le Yw XH ’YU nl(?fm" 31:2)2*’7{5 Jr" yu |
[ Y-l 1L ﬂw; Xw *XH YLQ | {J Bt Xw,. Xu

-—an (Yo 32+ (ot i) ] + Yo [JJ (YY) YHT YL?.
' (1) +Yi+ (sz Yl Yo U2 m o)+,
XLZ =+ )G_z an *(sz”}’w;) ]

hl'

YV -~ n ‘
hiz 'J(XW’ XV' W 2 YWt ¥ (et

=Ml Y) + 85 ton
r

wa~ dw +'{H
Xm [/J(X ) m'}\/(xw Xw,) )/H (sz J/W;) “/ i

| ! ,+X1+(yw1+)/w2) R - 2+\ + 2 - + 2
e s ke A (SRR L IR RUR )
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B () R AT 1 A8 (P e A Ay R P A AR AN
I Y e Y S U et (16 53

- xw,[‘ o et Yo I {19+ (G 0 = (it (6 N a8 G )
(02 Ot M 06 O Y T 2 N o 42 () )
9= 35

YL?. Xw )Wr YV" XH YWI_ YWZ /JYL" A YH

Q XL?.}XH (Xwo YW)]+ XM'.YW) [mbn —r’{ Xw_ :J/WZ
2 YH +(Y=Yo)" Yo Yz Y Yoz /\/ Ya+ ‘f,(,f

_ Yo o Yathe L Yo + Vit ¢ (o) L
Yo+ Yoz fn 1 ! 2 ,?ﬂ (Y V) ] F ATy [

{YL;‘*X:‘* o~ Ywz) Q}EI{Y§+W+(%,%Z)} [B’M (Y sz)})”m (M Ejaz)f’
«[X.z’;.*){ (Ym yﬂl)} {517 ‘(i (f(vl+xw,2)2} {3/2 ({Wl HZ 2’){ H (41 '"sz)}

85 =2[(3;1»’sz)2 Y h'lfm Yz ,JY&*’XH tan A Yo - Yoz

[[(XM—YWZ)Z[J(' );_2 f\H,{_ - Yw; sz y\“ PXH tan - \3'/1 WL
N2 Yz Yo = Yoz rf Y!l fd Y Yo ;J |+ XH

A (XL" )+{H (Ym NZ) (X\m*)(lg)z hl“')ﬂ - -l XMF).‘Q
+9,Ln |+3H (‘fvn \({wz) ] Z(LZXW [ Xwnﬂ{w’rnfj' ')/H

!J_-XLZ +XtL +an -l Yw Y _ _l_ﬂn (X_z")z‘* YHZ + (Ym ')w)
X\|+\{bl~ ( YL ) }“XH 2 I 'iX:l +<B/w] * }/\1‘12)2

Am y [{(!u e (b Hn {01 H(t )] = {15 (it
1 {”2'” (m } {Xu ’)2 ) (\M nz)} {(\ - m X/ )2}
{! ft(l ( YR )} in{ I+ Y}f*(ﬁ/\n;zl‘.vl)zji' J ;&

s =2
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N ) PMM :v)+3H {- ,LdL 3 ;-Y.‘z. N b (0
. ).!L\..:_‘L._ }"7 == E
l.L\({w: { I = XLZ l\/ m 1/’) “H - \(); ! l(‘//:"xvv)' ;

-1 (- XL’) Y J’(Z(W Hv/w)z L 2 ._-_._'__.-_-.:
Aﬁ (l )/L'L JH*’(XM bvn/))2 ] '- X&X«?W b/ +’1ﬂ

( V) b )ly
:- I ! “‘Y *(va* w:)
" 1 i
'\/—“—b- an'/Ym‘ Yur) '+ X'I ﬂn (Y + (= Yol ]
R [(m ) fwfanl ~Yi2 et . Yoo
XM hio Wt ¥y )ﬂ; Y2 0 Gt S

1 Xm ¥, *(Yw")’wz 2 .2+ | ) -’;vl* )
Jl XLZ ' ‘{M \f“‘_ j 4}{u\[wl [ 1)) +Xn (Xr/ﬁxm) }%{(XLZ l) H (% sz)}

= {08 U (Yoo P a0 w5 (=t} = {1 5 (e )
e b+ (198 o {1430 )
0 {3 Clat Yl =[Gt P I D+ b))
=42 Ot i Va7 G+ Db Mn{ﬁ_”l (Y
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Appeadix 4
Computzr P'rogramming
Computer programming for thz cases of T = constant aud T = £(X)
are similar to T = £(X,Z). Therefore , only the computer programming for

T = £(X,2) is presa2nted,

C TEMP L =F (X, 1)
{ () emmmmm e ALPNIG X =00
0 R e T AL CMG X=1an
r (e ALONG  Z=140)
r (fomsmmmmmn ALONG 7==1,0
( T[S THS TEMD . AT (3,1)
FTL TS THE TP, AT (1, 1)
r AN A WAR
(MELTCTT REALEI(A=H,N=7)
[THENCTON T (4,4), F(f),h(’) BA{AL,4Y) ”(n) =X(A),SUMA)
SRO(N),1K(A) .B‘(h’ A1) G RTLESD(4T ,41) ,PFPCf\(» 417) ,f (»1,u1§

FINTY S Q(r' 47)
. [ .

(‘5"1:\, .’1'_‘_'
70 RCSMAT (2(F15.5,
VOFTE(2,100)  AE|T
1000 FOnuAT (]}l ,}'Tﬂo;,,,!
TR TR=ETY
DU O N A S B B
1T EAPMAT (RT3 ,5)

MINT G NTLTY, TUT

T.\|T ney I‘\ MY
77?y1’V TNy 17X, T
FOTASALYE THE WEAN PAMIOSTTY AL THE 1T Rmjuniey

JUR,0 (o1, )
(350 TR=1, 1))
(‘

—~y

"1
~{
T2
Clo
p=Rn 7
IMTA—(TW
NTMT?21 =1
P21, /R3NRT () 4R %P)
”_?n~“1/r¢007(1 &Y
D=1, +2*0kn, 23T4p1)/
r=r\zf3’)‘| (RN MRTED
F=1 /PcChT(“J3+A‘,
G=1,
=T, .'1/
RGN T (1,497
Q= (Q L_ DY) (T, B A, 0T )
T('l )
111,“) nw(‘ ATAVIR) =t T (=) (T,
Ty )= »(:'n\1ﬂl(”)—(' Sy RS

BT

"

)=t
) =
Y= 1,
)=

D

frees1.)
i
!

A,
"

=h

-_

.:;_‘_‘_.._—

!
‘

(7, 5ET) ) D1An() )
(1L /a0 LAY )
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TV,
Ty
'i{."’:);“]“'-""((? COVERAT AR =0) - COAT A =E YR L ) [Lanin))
AR

}2?;1}:—étiﬂlr&?hw(—u)—ﬂﬁrr(ﬁﬂ(u*)-”}* MEGES))
T()y"),.:T("‘y1.)
T‘",’):‘, - . '
T(“yh)“—““((7q/‘)““"‘”(r)~('»/ )*D\if”(-L) SRR TR DLOGES))
T(“v1):—P*(?*H\T\W(")“Q*ﬂnT"‘(J)~”]J NLOG(S)
Tlle2)=T14y1)
T(4ae3) 2T {0,5)
T‘A'L)—'1n
reor I=t, s
WOTTT (3,100) (THT, JYyJ=1,4% )

T FNOMAT (TH1, &(F14, "hllx”

Vi PONTINE

W 17T (3,570 (CLT) 1=y

e FORMAT  (1H 4 6FALT)
CALL  MATTNYV (T,%)
CALL  nATWE (T30 Myl )

¢

s Lan [SRYIM D

r

AP LI
4,

LeTTE (R,004) TARS] ) ) .
tes RONMAT (}/7”7)“ }\\/cn R(',IY,T,“'»,')‘,"X,'{S'q‘-1.-f‘,,'.‘))
17 CONTTNIR

r -
r7enranpnnD SAPYTION OF GARTASTTY OF TH= FINITE PLATE
-

Xz,

peoYs My, THT

7""\)

POOTT O NET G NTNT R .

P TTRRNYS ST R EVART R LTS RER FETE

HENSADT (L& FH)

1221 =740

1,322 127901

b AZnENRT (1. =X ) ¥4 %)
Ha—!-y['vi
H:—HFQDT(U*D+(03+
Va=NSART (Pra4(R1-

F1=9 /.
Pr=NT/Y

PRz /6
Ph=vo LR
paz(1,~X) /W
D=5
7201, o) /e

\I\J

J=nRTanma))
,|(3 J=PAT AN PG )) D
RLTEN (0 ) )0
—l“f' TR R
;)1'u(1)+m"u( Y EAR (3 +06=0 (4)

S w/
——

rT(“1,p)—na(«c n)/
PTLES (i, ”)—(wfﬁ—(!,x—ﬁ~) AU, E) )70
L T R LD S T M B
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ch\r\T'ry ('1'-15‘,’) “!
YN FCRNTINT Y, AT/ TR 0, 0)
WOTTE (R T) BTN
T ‘:("";!!«_I {1H ’ll{';’tl COpTTON ,J/‘_._!’u'r\n;_‘/‘y’l}j/||'r‘.:1‘__."‘,/"/,n:;“w:|'
FECa %)
PR 20 a1 INT TR
™ 2 Nz RTNT M2
A 1.,.'531_1":- {',‘ ':‘c, 14'.\";).\‘('\1,”) ,’-l,'-],"-fl_‘“% (\J'\-) ,i”(y“,l), er\()(.’
TS RORNIT (LA T2y gty TEy )t P05y 0y INTATRATAVLESS N1,
R, 'Tﬂ,l):lrﬁ]?“Q’ﬁ\'Q LACAL A = Fr 2 e ny [0S NT=) BSS Nt
Er1o,n)
23 LFVTT“U~
2 COMNTINYF

CALL_ TOTALD (DILTS  TOT0, TN, NINT9SLT7, DFLTX)
W IT=(1,A28) TOTH

229 FORMAT (/, B IS NOT CONSTANT, TOTAL H, To /JNIT AREA=',F17,8,/)
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Appendix 5
SAPLE CALCULATION
| A system of two parallel plates having identical and constant
temperature distrigution is considered. For example, )ﬁQHO.S, };”0.5,
\K"J?_vl.o, f)1=o.9, 102::0.1 and Ym-:z.o

From Figure 36 , BY(X;=0)=2.430, BO(X;=1)=1.359, Eg(:zl-f-1)=ﬁ?(zln1)ﬂ
1.068, B(Xp=0)=1.006, B3(%,=1)=1.013 and B(Zy=-1)=A3(2p=1)=1.0LL.

Let Epp= €|G'T(f and Epy= EZO’TA, then El(xlszl)/ERl. and E?(XQ,ZQ)/ERZ
in Equations (22) are equal to 1.

The zero-order solutions of surfaces 1 and 2 at (0.5,0) and (0.3,0.3)
respectively, can be calculated by substituting all the above values in
Equations (22). The results are B (0.5,0)=3,732 and B5(0.3,0.3)=1.010.
qTiO.5,0)=O.695 and q§%0.3,0.3)=0.914 are calculated using Equation (26).

If the zero-order solution is acceptabie, the total heat flux can be evaluated

by using Equations (28)
Q;;t,:] - x%; (3162(’(2:0) +9,850t0=1) +J; B,(2,=1) *3451(20')_!

1 - g3+ + Bl 4y )]

From Yable 27, g1=0.1x43, g2=0, g3=gh:0.0189, g520.1654, g6=0.2919 aud
g =88=0.0757. Substituting 8; into Equations (28), one can obtain
QT°=0,862

30
Q, =0, 904
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Table 11. Iocal radiosity and heat flux for f) =0.9,
W/1-0.5, H/1=2, T=T (1+(T}/Ty-1)X) and T1/7,70.5

B=J/ E, X=0 %=0.2 X=0,4 ¥=0.6 %=0,8 X=1 N.T.

Z.8, 2=0.0 1.01595 0.67914 0,43902 0,27485 0.16844 0.10416 .
E.S. 1.02646  0.68355 0.43710 0.26669 0.15447 0.08508
Z.8. Z=0.2 1,01587 0.67904 0.43890 0.27472 0.16831  0.10403
E.S. 1.02635 0.68344 0.43698 0.26658 0,15437  0.08497
2.E. 2=0.4 1.,01562 0.67873 0.43854 0.27433 0.16791 0.10364
E.S. 1.02602 0.63309 0.43663 0.26625 0.15407 0.08471
z.8. 2=0.6 1.01521 0.67822 0.43796 0.27370 0.16725 0.,10300
E;S. 1.02548 0.68252 0.43507 0,26571 0.15357 0.08423
z.8. Z=0.8 1.01465 0.67753 0.43717 0.27284 0.16637 0.10213
E.S. 1.02475 0.68176  0.43530 0.25498  0.15291 0.08370
z.8. 2Z=1.0 1,01398 0.67669 0,43619 0.27178 0,16528 . 0,10105
E$S. 1.02386 0.68082 0.43436 0.26408 0,15209 0.03293
g.;?/Eg=0.0 0,99823  0.65354 0.40633  0.23624 0,12528 0.05787
E.S, 0.99706 0,65305 0.40654 0.23715 0.12684  0.0599Y
7.5, 2=0.2 0.99824 0.65355 0.40634 0.23625 0.12330 ‘0.05789
E.é. 0,99707 0.65306 0.40656 0,23716 0,12685 0.08000 -
7.8. Z=0.4 0.99826 0.65359 0.40638  0.23630 0.12534  0.05793
E.S. 0.99711 0.65310 0.40660 0,23719  0.12688 0.06003
2.8, 2Z=0.6 0.99831 0.65364 0,40645 0.23637 0.12542  0.05800
E.S. 0,99717 0.65316 0.40666 0.23725 0.12694 0.06008
7.8, 7=0.8 0,99837 0.65372 0.40554 0,23646 0.12551 .0.03810
E,S. 6.99725 0.65325 0.40674 0,23734 0.,12701 ~ 0.06014
7.5. z=1.0 0,00845 0.65381 0.40865 0.23658 0.12364 0.05822

E.S. 0.99735 0.65335 0.40685 0.23744 0.12710  0.06022




- 60 «

Table 12, Local radiosity and heat flux for P =0.5,
W=0.5, W12, =T (LH(T)/T-13X) and Ty/T¢0.5

B=J/F, X=0.0  X=0.2  ¥=0.4  X=0.6  X=0.8  X=l.0 W.T,
2.5, 70  1.00835 0.66839 0.42546 0.25895 0,15078 0.08531

E.S. 1.0143L  0.67094  0.42445  0.25445  0.14300  0.07465
2.8, Z=0.2 1.00830 0.66834 0,42539 0.25888 0.15070 0.08523
E.S. 1.01425 0.67087 0.42439 0.25439  0,14295  0.07460
7.S. Z=0.A 1,00817 0,66817 0.42520 0.25867 0.15049  0.08502
E.S. 1.01407  0.67069 0.42420 0.25421  0.14279  0.07446
Z.8. 2=0.6 1,00795 0.65690 0.42488 0,25833. 0.15013 0,08467
E.S. 1.01378  0.67038 0.42389 0.25392 0.14252 0.07423
2.5, 7=0.8 1.00766 0.66753 0.42446 0.25786 0.14965 0.08420
E.S. 1.01339  0.66997 0.42348  0.25352 0.14216 0.07392
7.5, 2=1.0 1.00730 0.66708 0.42393 0.25729  0.14906 0.08361

E.S. 1.01290 0.66946  0,42297 0.25304 0.14172  0.07353

g*=q/E _
4.8, g=0 0.99165 0.64381 0.39374  0.22125 0.10842 0.03970

E.S. 0.98569 0.64126 0.39475 0,22575 0.11620 0.05035
7.5, 7=0.2 0.99170 0.64386 0.39381 0.22132 0.,10850 0.03977
E.S. 0.08578. 0.64133 0.39482 0.22581 0.11625 0.05040
2.5, 70,4 0.99183 0.64403 0.39400 0.22153 0.10871 0.039%8
LS. 0.08593 0.64151 0,39500 0.22599 0.11641 0.05054
2.5, 7:0.6 0.99205 0.64430 0.39432 0.22187 ° 010907  0.04033
E.S. 0.08622 0.64182 0.39531 0.22629 0,116 0.05077
2.5 7:0.8 0,923 0.64467 0.39474 0.22234 0.10955  0.04080
E.S. 0.08661 0.64223 0,39572 0,22668 0.11704 0.05108
7.5, 7=1.0 0.99270 0.64512 0.39527 0.22291 0.11014  0.04139

E.S. 0.98710  0.64274  0.39623 0.22716 0.11748  0.05147
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Tabla 13. Local radiosity and heat flux for F =0,1,
W/1=0.5, /122, T=To(l+(T}/Te=1)X) and Ty/T5=0.5

B =J/E, X=0.0  X=0,2  X=0.4  X=0.6  X=0.8  X<1,0 N.T.
2.8, 2=0  1.00157 0.65846 0,41268 0.24379 0.13376 0,06670

E.S. 1.00279 0.65899 0.41249  0.24289 0.13220 0.06486
2.8, 2=0.2 1.00156 0.65845 0.41267 0.24377 0.13375 0.08698
E.S. 1,00278 0.65898 0.41248 0.24288 0.13219 0.06485
Z.8., Z=0.4 1,00154 0,65842 0.41263 0.24373 0.13370 0.06694
E.S. 1.00247  0.65894  0.41244  0.24284 0.13216  0.06432
2,8, 7=0.6 1.00150 0,65837 0.41257 0.24366 0.13363 0.06587
E.S. 1,00269 0.65888 0,41238 0.24279 0.13211 0.06478
Z.8, 2=0.8 1.00144 0.65829 0.41248 0.24357 0.13354 0.06678
E.S. 1.00261 0.55880 0.41230 0.24271  0.13204 0.06472
Z.S. 7Z=1.0 1.00137 O.BSSZi 0.41238 0.24346 0.13343  0,06667

E.S. 1.00251 0.65879 0.41220 0.24262 0.13195 0.06464

qQ =q/E
7.S. 2=0.0 0.98585 0.63485 0.38190 0.2069 0.09217  0.02202

E.S, 0.97491 0.63010 0.38360 0.21500 0.10617 | 0.04129
z.8, 2=0.2 10,9859 0.63495 0,38201 0.20706 0,0922% 0.02215
E.S. 0.97501 0.63021 0.38371 0.21511 0.10627 0.04137
Z.8, 2=0,4 0.98617 0.63524 - 0.38235 0.20743 0.09267 0.02252
E.S. 0.97532 0.63054 0.38404  0.21542  0.10655 0,04162
z.8, 2=0.6 0.98555 0.63571 0.38290 .0.20803 0.09330  0.02314
E.S. ©0.97583 0.63108 0.38458 0.21593 0.10702  0.04202
Z;S. 7=0.8 0.987056 0.63635 0.38364 0.20885 0.09414 0.02397
E.S. 0.97653 0.63180 0.33530 0.21662 0,10764  0.0425%
Z.5. 2=1.0 0.98768 ~ 0.63714 0.3845% 0.20985 0.09513 0.0250

E.S. 0.97737 0.63269 0.38619 0.21747 0.10841 0.04324




Table 14, {peal radiosity and heat flux for

P =0.9

W/1=0.5, H/1=0.5, T=”O(1+(T1/TO~1)X) and T9/T,=0.5.

%=0.,0
1.13593

126159

B = J/E,
2,8, 2=0,0
E.S.

Z.8. 20,2 .
E.S.

2.8, 2=0.4
E.S,

Z.8. 12=0.6
E.S.

z.S. 12=0.8
E.S.

z,.8, 2=1.0
E.S.

q* = q/Z
Z.8, 2=0.0
E.S.

Z.8. 2=0.2
S,

2,8, 1=0.4
E.S.

2.8, 270.6
E.S.

7.8, 2=0.8
E.S.

2,8, 2=1.0

E.S.

1.13352
1,25712
1.12618
1.24362
1.11378
1.22117
1.09674

1.19085

1.07667

1.15568

0.98490
0.970%4
0.98516
0.97143
0.98598
0.97293
0.98736
0.97543
0.98925
0.97879
0.99143

0.98270

X=0,2
0.90247

0.99359
0.89347
0.98769
0.88624
0.95985
0.86549
0.94005
0.83684
0.89969
0.80298

0.85289

0.62873
0.61860
0.62917
0.61926
0.63053
0.62124
0.63283
0.62455
0.63602
0.62903
0.63978

0.63423

K=0.4
0.71212

0.74365
0.70740
0.73771
0.69301
0.71982
0.66865
0.69019
0.63511
0.65039
0.59548

0.60456

0.375%9
0.37248

0.37651
0.37314

0.37811
0.37513
0.38082
0.37842
0.38454
0.38285
0.38895

0.38794

%=0,6
0.54829

0.51519
0.54370
0.51029
0.52971
0.49558
0.50602
0.47144
0.47337
0.43931
0.43473

0.40253

0.20536
0.20953
0.20637
0.21008
0.20792
0.21171
0.21055
0.21440
0.21418
0.21767
0.21847

0.22205

X=0.8
0.40893

0.32608
0.40502
0.32262
0.39308
0.31233
0.37286
0.29554
0.34496

0.27336

0.24805

0.09858
0.10777
0.09900
0.10815
0.10032
0.10930
0.10257
0.11116
0.10567
0.11363
0.10935

0.11644

X~1.0
0.29003

0.18366
0.28708
0.18162
0.27816
0.17557
0.26320
0.16579
0.24277
0.15296
0.21865

0.13836

0.03721
0.04904
0.03755
0.04926
0.05854
0.04994
0.04020
0.05102
0.04247
0.05245
0.04515

0.05507

N.T.
6
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Table 15, Local radiosity and heat flux for E) =0.5,
W/1=0.5, H/L=0.5, T=Ty(1+(T1/Ty-1)X) and T1/Tp=0.5

B = J/E, ¥=0.0  X=0.2  ¥=0.4  X=0.6  ¥=0.8  X=1.0  W.T.
2,5, 20,0 1.06013 0.77269 0.55445 0.38824 0.26509 0.151572

E.S. 1.11982 0.80741 0,55466 0,35533  0.20931 0.11069
z,8. Z=0,2 1.05902 0.77058 0.55219 0,38606 0.26324 0.17430
E.S. 1.11785 0.80488 0.55220 0,35338 0.20798  0.10993
Z.S. 2Z=0.4 1.05564 0.76475 0.54533 0.37942 0.25758 0.17000
E.S. 1.11185 0.79718 0.54476  0.34750  0.20402 0.10764
Z.S., 2=0,6 1.04993 0.75488 0.53371 0.36819 0.24801 0,16231
E.S. 1.10176 0.78415 0.53227 0,33775 ©0.19748 0,10392
2.S. 2=0.8 1.04207 0.74124 0.51733 0.35272 0,23481 0,15299
E.S, 1.08797 0,76626 0,51528 0.32459 0.18874 0,098%9
2.8, 2=1,0 1,03282 0.72514 0.49885 0,33442 0.21916 0.14138

E.S, 1.07181 0.74526 0.49545 0.30933  0.17863  0.09331

*
q = /By
7.8. Z=0,0 0.93987 0.53974 0,26475 0,09196 -0.00339 -0.05072

E.S. 0,88018 . 0.50479 0.26454 0,12487  0.04939 0,01431
7.8, 2=0.2 0.94098 0,54162 0,26701 0.09414 -0.00403 ~-0.04930
E.S. 0.88215 0.50732 0.26700 0.12682 0.05122 0,01307
7.S. 2=0.4 0,94436 0,54745 0.27387 0.10078 0.00162 -0.04500
E.S. 0.88815 0.51502 0,27444 0.13270 0.05518 0.01736
7,8, Z=0,6 0.95007 0.55732  0.23549 0.11201  0.01119 -0.03731
E.S. 0.89824 0.52805 0.28693 0.14245 0,06172 0.02108
z.8. 2=0.8 0.95793 0.57096 | 0,30147 0.12748  0.02439 -0.02799
E.S. 0,91203 0.54594 0.30353 0.15581 0.07047  0.02501
7.8, 2=1,0 0,95718 0.58706 0.32035 0.14578 0.04004 -~0.01633

E.S. 0,92819  0.566%94 0.32375 0.1737 0.63037  0.03169
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Table 16. Local radiosity and heat flux for p =0,1,
W/170.5, W/L=0.5, T=T,(1+(T1/To~1)X) and T}/T4+0.5

B = J/E, 0,0 %=0.2  X0.4  ¥=0.6 %=0,8 X=1.0 N.T.
7.8, 2=0,0 1,00961 0.67624 0.43504 0,26622 0.15373  0.08321

4
E.S. 1,02057 0.68161 0,43340 0.25843 0.14193 0.06983
2.8, Z=0.2 1.00942 0,67590 0.43464 0,26585 0.15341 0.08296
E.S. 1.02024 0?68120 0.&3302 0.25814 0,14174 0.06972
Z.,8. 2Z=0.4 1,00886 0.67489 0.43344 0.26469 0,15242 0f08220
E.S. ' 1.01924 0.67995 0.43185 0,25725 0.14115 0706939
Z2.8, 2=0.6 1.00790 0.67316 0.43141 0.26274 0.15076 0,08093
E.S. i701754 0.67781  0.42986 0.25575 0.14019  0.06885
z.8. 2=0.8 1,00657 0.67078 0.42861 0,26005 0.14348 0.07919
E.S. 1,01519 0.67482 0.42712 0.25370 0.13887 0.06812
2.8, 2Z=1,0 1.00502 0.66797 0f42532 0.25688 0,14576 0.07714

E.s. 1.0124  0.67128 0.42388 0,25130 0.13733 0.06728

7.5, 70.0 0.9135 0.47488 0.18068 0,00499 -0,08756 -0,12386
£.S. 0,147 0,42651 0.19538 0.07512  0.01863 -0.00343
2,5. 7=0.2 0.91519 0.47788 0.18423 0.00840 -0,08466 -0.12160
E.S.  0.81782 0.43018 0,19883 0}07776 0.02037 -0,00244
2.5. 7=0.4 0.92030 0.48703 019505 0.01878 -0.07582 -0.11476
B.S. 082682 0,44145  0.20937 - 0.08579 0.02561 0,00051
2.5, 2=0.6 0.92895 0,50256 0.21333 0.03634 -0.06088 -0.10333
B.S.  0.84212 0.46074 0,22727 0.09926 0.0343% 0,00538
2., 2=0.8 0.94085 0.52397 0.23847 0.06051 -0.04028 -0.08773

E.S. 0.86328 0.48760 0.25197 0.11768 0.04616  0.01190

&3
e

7=1,0  0.95486 0.54925 0.26815 0.08911 -0.01586 -0.06930

E,S. 0.88831 0,51946 0.28113 0,13931 0.06000 0.01950




B = J/E,
Z.5. 2=0.0
E.S

z.5. 2=0.2
E.S.

Z.S. Z=0.4
E.S.

Z.S. 2=0.6
E.S.

Z.S. 2=0.8
E.S.

Z.S. 2=1.0
E.S.

q" = q/E,
2.5, 2=0.0
E.8

Z.S. 7=0,2
E.S.

2.8, 2=0.4
E.S.

2.8, 2=0.6
E.S

2.5, 7=0.8
E.S.

Z.8. 2=1,0
E.S

Table 17. Local radiosity and heat flux for
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W/1=0.5, H/L=0.1, T=To(1+(T1/TO—1)X) and T/T,=0.5

X=0.0
1.10661

1.31732
1,10646
1.31607

1.10574

1.31132..

1.10305

1.29848

1.09177
1.26027
1.04639

1.14466

0.89339
0.68268
0.89354
0.68393
0.39426
0.63863
0.89695
0.70152
0.90823
0.73973
0.95361

0.85534

X=0.2
0.96856

1,19183

0.96729

1.18949

0.96269
1.18052
0.95122
1,15633
0.91849
1.08655
0.81350

0.88949

0.34364
0.12037
0.34491
0.122714
0.34951
0,13168
0.36098
0.15587
0.39371
0.22565
0.49870

0.42271

X=0.4
0.70883

0.79661
0.70767
0.79444
0.70345
078644
0.69336
0.76630
0.66427
0.71347
0.56565

0.57599

0.11032
0.02259

8.11153

0.02476

0.11575
0.03276
0.12584
0.05290
0.15493
0.10573
0,25355

0.24321

X=0.6
0.51473

0.48155
0.51408
0.48003
0.51148
0.47453
0.50440
0.46125

©0.47983
0.42789
0.38679

0.34373

~0.03458
-0.00135
~0.03338

0.00017

-0.03128

0.00567
-0,02420
0.01895
0.00037
0.05231
0.09341

0.13647

X=0.8
0.37536

0.18167
0.37499
0.26286
0.37357
0.25969
0.36910
0.25219
0.34964
0.23371
0.26447

0.18750

-0.11616
~0.00455
~0.11579
-0.00366
~0.11437
-0.00049
~0.10990

0.00701
~0.09044

0.02549
~0,00527

0.07167

e =0,3,

¥=1.0
0.23322

0.10599
0.23263
0.10566
0.23062
0.10451
0.22584

0.10193

0.21186 .

0.09605
0.16325

0.08229

-0.10822
0.01901
~0.10763
0.01934
-0.10562
0.02049
~0,10086
0.02307
~0.08686
0.02395
~0.03825

0.04721

N.T,

10
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Table 18. Local radiosity aud heat flux for P =0,1,

W/1=0.5, W1L=0.1, =1 (1+(T)/T ~1)X) and T/Ty=0.5

B = J/E,

7.8,
E;S.
Z.8.
E.S.
Z.8.
L.S.
.8,
E.S.

Z.8.

Z.§.
E.S.

z.s‘

2=0.0

2=0.2

Z=0.4

Z=0.6

2=0.8

Z=1.0

2=0.2

Z=0.4

2=0.6

72=0.8

E.S,

Z,8.

E.S.

Z=1.0

X=0.0
1.01539

104457
1.01538
1.04448
1.01529
1.04410
1.01491

1,04295

1.01320

1.03866
1.00620

1.02213

0.86149
0.59883

0.86162

0.59968

0.86242
0.60308
0.86584
0.61345
0.88118
0.65208
0.94422

0.80081

X=0,2
0.70852

0.72227
0.70828
0.72214
0.70741
0.72159
0.70531
0.71987
0.69966
0.71333
0.68251

0,68863

0.18431
0.06054
0.18650
0.06175
0.19430
0.06667
0.21318
0.08216
0.26404
0.14081
0.41844

0.36291

X=0.4
0.45875

0.45436
045852
0.45425
0.45775
0.45379
0.45598
0.45246
0.45117
0.44788
0.43547

0.43166

-0.03275
0.00674
-0.03071
0.00779
-0.02376

0.01190

-0.00782

0.02389
0.03550
0.06509
0.17677

0,21108

X=0.6
0,28400

0.26719
0.283%4
0.26711
0728351
0.266381
0.28238
0.265%6
0.27852
0.26316
0.26400

0.25349

-0.15555
-0.00373
~0,15448
-0.00301
-0,15061
-0.00027
~0,14038

0.00737
~0,10564

0.03253

0,02503

0.1196

X=0.8
0.16795

0.14447
0.16790
0.14443
0.16770
0.14425
0.16708
0.14378
0.16423
0.14224
0.15126

0.13698

-0.21556
~-0.00426

. =0.003836

~0,21332
-0.00226
~0.20775

0.00202
~0.18205

0.01582
-0.06530

0.05316

X=1.0
0.09141

0.06751
0.09130
0.06749

0.09094

0.06741.

0.09013
0.06722
0.08785
006668
0.08016

0.06504

-0.19770

0.01743
-0,19674
0.01763
-0.19350
'0;01832
-0.18616
0.02003
-0.16565
0.02486
-0,09646

0.03965

N.T.
5
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Table 19. Yocal radiosity and heat flux for fJ =0.1

W/1=0.5, W/L=2, T=T,(1+X(1-2)(Ty/T,-1)/2) and '1‘1/To=0.5
B = J/E, 2+1.,0 20,6 20,2  Z=-0.2  2=-0.6 2Z#1.0 N.T.
2.5, %=0,0 1,00235 1.00295 1.,00346 1,00384 1.00408 1,00419
E.S. 1.00408 1,0043L 1.00440 1,00434 1.00415 1.00385 i
2,5, X=0.2 1.00295 0.92597 0.85348 0.78528 0.72115 0.66093
E.S. 1.00431 0.92691 0.85399 0.78533 0.72076  0.66014
2.5. X=0.4 1.00346 0.85348 0.72108  0.60478 0.50318  0.41437
E.S. 1.00440 0.85399 0.72113  0.60436 0.50232 0.41371
Z.S, X=0.6 1.00384 0.78528 0.60478 0.45760 0,33932  0.24585
E.S. 1.00434 0.78533  0.60436 0.45672 0.33801  0.24415
2.5, %=0.8 1,00408 0.72115 0.50318 0.33932 0.21973 0.13556
E.S. 1.00415 ©0.72076  0,50232 0.33801  0.21799  0.13345
7.5, X=1.0 1.00418 0.66093 0.41497 0.24585 0,13556  0.06851
E.S. 1.00385 0.66014 0.41371  0.26415  0.13345  0.06608

%
q" =q/E
7.5, X20.0 0.97883 0.97342 0.96887  0.96547 (0.96332 0.95238

E.S. 0.96327 0.96126 0.96044  0.96092  0.96264  0.96537
2.8. ¥=0.2 0.97342 0,8899 0.81212 0.74001 0.67359 0.61259
E.S. 0.96126 0.38147 0.80760 0.73955 0.67707 0.61973
VZ.S. %=0.4 0,96887 0.81212  0.67417 0.55391  0,45009 0.35129
E.S. 0.96044  0.80760  0.67379  0,55769 0.45782 0,37260
7.8, %=0,6 0.95547 0.74001 0.55391 0.40278 0.28233  0.13839
E.S. 0.95092  0.73955 0.55769 0.41073  0.29417 0.20366

7.5, X=0.8 0.96332 0.67359 0.45009 0.28233 0.16061 0.07539

E.S. 0,96264 0,67707 0.45782  0.29417  0.17620  0.09433
z.5. %1,0 0,95233 0.61259 0.35129 0.18839 0.07599 0.00843

E.S. 0.96537 9,61973  0.37260 0.20356 0.09433  0.03029
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Table 20, Local radiosity and heat flux for f) =0.5,

W1=0.5, H/L=2, T=T L+X(1-2)(T}/To~1)/2) and T;/7,=0.5

B =J/E, 7s1.0  2=0.6  2=0.2  Z=-0,2  Z=0.6  2=1.0 N.T.
2,5, X=0.0 1,01243 1,01545 1,01797 1.01984 1.02099 1.02145

3
E.S. 1.02095 1,02211 1.02258 1.02231 1.0213% 1.01978

2,8, X=0,2 1,01545 0.94107 0.87073 0.80405 0,74080 0.68084
E.S. . 1.02211 0.94571 0.87319 0.80428 0.73886 0.67689
2.8, X=0.4 1.01797 0.87073 0.74055 0.62580 0.52304 0.43700
E.S. 1.02258 0.87319 0.74073. 0.62370 0.52077 0.43075
Z.8, X=0.6 1,01984 0.80405 0.62580 0.43018 0.36272 0.26937
E.S. 1.02231 0.80428 0.62370 0.47578 0.35618  0.26094
Z,8, ¥=0.8 1.02099 0,74080 0.52504 0.36272 0.24393 0.15988
E.S. 1,02134 0.73885 0.52077 0.35618 0.23533  0.14950
Z.8, X=1.0 1.02145 0.68084 0.43700. 0.26937 0.15988 0.09298

E.S. 1.01978 0.67689 0.43076 0,26094 0.14950 0.08094

*
q = q/E
2.5, X-0.0 0.98758 0.98455 0.98203 0.98016 0.97910  0,97855

E.S. 0.97905 0.97789  0.97742  0.97769 0.97866  0,98022
z,S. X=0.2 0.98455 0.90366 0.82797 0.75744 ~ 0,69198  0.63136
ES. 0.97789 0.89903 0.82551 0.75722 0.69392 0.63531
2,8, X=0.4 0,98203 0.82797 0.69224 0.57359 0.47076 0.38220
E.S. 0.97742 0,82551 0.69206 0.57569 0.47498  0.38844
z.S. X=0.6 0,98015 0.75744 0.5?359 0.42406 0.30452 0.21083
E.S. 0,97769  0,75722  0.57569 6.42846 0.31106 0.21926

7,5. X¥=0.8 0.97901 0.69198 0.47070 0,30452 0.18370 0.09932

E.S. 0.97866 0.69392 0.47498 0.31106 0.19230 0.10970
7.8, X=1.0 0,97855 0.63136 0,38220 0.21083 0.09932 0,03202

E.S. 0.93022 0.63531 0,33344 0,21926 0,10970 0,04406
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Table 21. Local radiosity and heat flux for P =0,9,
W/L=0.5, W/L=2, T=T (1X(1-2)(T/To-1)/2) and T3/T =0.5

B=J/E,  2=1.0 70,6  2=0.2  2=0.2 Z=-0.6  Z=-1.0 N.T,
2.5, X=0.0 1.02361 1,02008 1.03363 1.03695 1.03894 1.03966

4
E.S. 1.03876  1.04091 1,04180 1.04131 1.03952 1,03665
Z.,S. X=0,2 1.02908 0,95735 0.88915 0.82398 0.76153 0.70171
E.S. 1.04091 0.96557 0.89348 0.82433 0.75802 0.69463
2.5, X=0.4 1.03363 0.88915 0.76119 0.64797 0.54798 0,45999
E.S. | 1,04180 0.89348 0,76146 0.64417 0,54030 0,44883
2.8, X¥=0,6 '1.03695 0.82398 0.64797 0.50387 0.38715 0.29182
E.S, 1.04131 0.82433 0.64417 0.49598 0.37545 °0.27876
Zz.8. ¥=0,8 1.03894 0.76153 0.54798 0.38715 0.26910 0.i8506
E.S. 1.03952 0,75802 0.54030 0.37545 0.25372 0.16652
Z.8. ¥=1.0 1.03966 0.70171 0.45999 0.29382 0.18506 0.11322
E.S. - 1,03665 0.69463  0.44883 0.27876 0.16652 0.09672

%
q =q/E
7.5, X0.0 0,99738 0.99677 0.99626 0,99589  0.99567  0.99559

E.S. ' 0.99569 0.99545 0.99536 0.99541 0.99561 0.99593
2.5, X=0.2 0.99677 0.91848 0.84492 0.77595 0.71138 0.65103
E.S. 0.99545 0.91757 0.84444 0.77591 0.71177 0.65132
Z,8, X=0.4 0.99626 0.84492 0.71142 0.59433 0.49230  0.40400
E.S. 0.99536 0.84444 0.71139  0.59475 0.49316  0.40524
2.8, %¥=0.6 0.99589 0.77595 0.59433 0,44637 0.32767 0.23413
E.S. 0.99541  0,77591  0.59473 0,44725 0.32397 0,23580

7.8, X=0.8 0,99567 0.71138 0,49230 0.32767  0.20767  0,12344

E.S. 0.99561 0.71177 0.49316 0.32897 0.20938 0.12530
7.8, ¥=1.0 0.99559 0.65103 0.,40400 0.23413  0.12344  0.05631

E.S. 0,99593 0.65182 0.40524 0.2353 0.12550  0.05870
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Table 22. Local radiosity and heat flux for E’ =0.1,

W/1=0.5, 1/120,5, =T (1+X(1-2)(T}/Ty~1)/2) and Ty/Ty=0.3

B = J/E,

Z.8,
E.S.
Z.S.
E.S.

Z.8.

Z.8.
E.S.
Z.S,
E.S.
Z.5.
L.S.
Z.8,

E.S.

X=0.0

X0, 2

X=0.4

X=0.6

%=0.8

%=1.0

= q/E,

¥=0.0

X=0l 2

X=0.4

X=0.6

X=0.8

¥=1.0

Z=1,0
1.00856

1.01806
1.01568
1.02447
1.01960
1.02701

1.02029

1.02576

1.01848
1.02144
1.01485

1.01485

0.92301
0.83746
0.85888
0.77974
0.82361
0.75650
0.81738
0.76812
0.83366
0.80704
0.86639

0.86631

2=0,6
1.01568

1.02447
0.94855
0.95571
0.88101
0.88565
0.81296
0.81471
0.74526
0.74409
0.67866

0.67433

0.85888
0.77974
0.68672
0.62232
0.56435
0.52261
0.49086
0.47507
0.45662
0.46709
0.45306

0.48757

1.02701
0.88101
0.88565
0.75428
0.75506
0.63804
0.63491
0.53215
0.52589
0,43641

0.42331

0.82361
0.75690
0.56435
0.52261
0.37538
0.36840
0.25456
0.28275
0.18933
0.24569
0.16834

0.24121

2=-0.2
1.02029

‘1.02576
0.81296
0.81471
0.63804
0.63491
0.49093
0.48322
0.36845
0.35772
0.26760

0.25605

0.81738
0.76812
0.49086
0.47507
0.25456
0.28275
0.10285
0.17221
0.02019
0.11676
-0.07393

0.09654

==0.6
1.01848

1.02144
0.74526
0.74409
0.53215
0.52589
0.36845
0.35772
0.24536
0.23209
0.15496
0.14167

0.83366
0.80704

0.45662

' 0.46709

0.18933
0.24569
0.02019

0.11676

-.=0.07009

0.04933
-0.09867

0.02095

7=-1.,0
1.01485

1.01485
0.67866
0.67483
0.43641
0.42831
0.26760
0.25605
0.15496
0.14167
0.08364

0.07062

0.86639
0.86631
0.45306

0.48757

. 0.16834

0.24121

-0.00739
0.09654
~0.09867
0.02095
~0,12773

-0.01057

N.T,
3
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local radiosity and heat flux for e

:0.5‘

W/1=0.5, H/1=0,5, T=T (L#X(1-Z)(Ty/Ty-1)/2) and Ty/T=0.5

B =J/E,

Z,S.

E.S.

Z.8.

E.S.

Z.s'

E.S.

Z.8,

E.S.

zlsl

E.S.

Z.8,

E.Sl

X=0.0

X=0.2

X=0.4

X=0'6

X=0l8

X=1.0

.'5“'\’5
q" =q/E

Z.8.

E‘S.

EIS.

2
w3

E.S.

Z.S.

E.S.

X=0.0

X”Ol 4

X=01 6

X=008

Z=1.0

Z=1.0
1,05426

1.10595
1.09344
1.14439
1.11490
1.16044
1,11822
1.15352
1,10685
1,12761
1,08435

1.08830

0.94574
0.89405
0.90656
0.85561
0.88510

0.83956

0.88178

0,84648
0.89315
0.87239
0.91565

0.91170

1.09344

1.14439
1.07354
1.12075
1.03068
1.06752
0.96469
0.98604
0.88039
0.88384
0.78245

0.76911

0.90656
0.85561
0,77120
0.72398
0.66801
0.63118
0.59681
0.57546
0.55240
0.54894
0.52975

0.54309

1.16044
1.03068
1.06752
0.93208
0.95200
0.81738
0.81647
0.69172
0.67096
0.55898

0.52505

0.88510
0.83956
0.66801
0.63118
0.50070
0.48078
0.381381
0.,38292
0,30402
0.32479
0.26022

0.29415

='002
1.11822

1.15352
0.96469
0.98504
0.81758
0.81647
0.67221
0.64658
0.53008
0.48556
0,39230

0.34076

0.88178
0.84548
0.59581
0.57546
0.38181
0.38292
0.23204
0.25757
0.13717
0.18168
0.08740

0.13944

2=-0,6
1.10685

1.12761
0.88039
0.88384
0.69172
0.6?096
0.53008
0.48556
0.39063
0.33063
0.26936

0.20704

0.89315
0.87239
0.55240
0.54894
0.30402
0.32479
0,13717
0.18168
0.03699
0.09700
-0.01016

0.05216

==1,0
1.08435

1.08830
0.78245
0.76911
0.55398
0.52505
0.39280
0.34076
0.2§936
0.20704
0.17694

0.11438

0.91595
0.91170
0.52975
0.54309
0,26022

0.29415

0.01012

N.T.
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Table 24, Local radiosity and heat flux for P =0.9,
W/1=0.5, H/1=0.5, '1‘=To(1+x(1-Z)('1’1/'1‘0-1)/2) and TI/T0=0.5

3= J/E, 2=1.0 =06  2=0.2 ==0.2  Z==0.6  Z=-1.0 T,
2.5. X=0.0 1,12387 1.20305 1.24626 1,25197 1.22618 1,17580

8
E.S. 1,23350 1.,32035 1,35887 1.34492 1,28665 1.19826
Z.8, ¥=0.2 1,20305 1.24203 1.23000 1.16589 1.05819 0.91594
E.S. 1,32035 1.36684 1,34388 1.24955 1.09929 0.91427
2.8, X=0.4 1,24626 1.23000 1.16672 . 1.05381  0.90018 0.71535
E.S. 1.35887 1,34388 1,25906 1,10505 0.90342 0.68004
2,8, X=0.6 1,25197 1.16589 1.05381 0.91003 0.74036 0.55157
E.S. | 1.34492  1,24955 1,10505 0.91361 0.69789  0.48184
z.5. X=0.8 1.22618 1.05819 0.90012 0.74036 0.57774 0.41258
E.S. _ 1.28665 1.09929 0,90342 0.,69789 0.49817 0.31891
z,s. X1.0 1.17580 0.91594 0.71535 0.35157 0.41258  0.29023

E.S. 1.19826 0.91427 0.68004 0.48184 0.31891  0.19139

*%*
q = gq/E
Z.8, xgo.o 0.98624 0.97744  0.97264 0,97200 0.97487  0,98047

E.S. 0,97406 0.96441 0,96013 0.96168 0.96815 0.97797
7.8, ¥=0.2 0.97744 0.88685 0.80705 0.73796 " 0.67842 0.62723
E.S. 6.96441 0.87298 0.79440 0.72866 0.67385 0.62741
2.8, X=0.4 0.97264 0.80705 0.66636 0.54924 0.45318  0,37563
E.S. 0.96013 0.79440 0.65610 0,54354 0.45281  0.37955
2.5, X=0.6 0,97200 0.73796 0.54924 0.40124 0.28843  0,20549
E.S. 0.96168 0.72866 0.54354 0.40085 0.29315 0,21324
7.5, X¥=0.8 0.97487 0.67842 0.45318 0.28843 0.17338 0.,09816
E.S. 0.96815 0.67385 0.45281 0.29315 0.18222 0.10857
7.5, ¥=1.0 0.98047 0.62723 0.37563 0,20549 0.09816 0.03720

0,97797 0.62741  0.37955 0.21324 0,10857 0.04318

[<}
.
(5]
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Table 25. Local radiosity and heat flux for P =0,5
W/1=0.5, W/1=0.1, T=To(14X(1~Z)(T}/To-1)/2) and T1/Tg=0.5

B = J/E, Z21.0 2=0.6 2=0.2  2=-0,2 =-0.6  Z=-1.0 N.T.

Z.8. X=0.0 1.07559 1.19859 1.20099 1,19487 1.18387 1.11110 10

E,S. 1.17258  1.34832 1,35882 1,34592 1.31493 1,14983

2,8, X=0.2 1.19859 1.36240 1,29426 1,21295 1.12009 0.89409
E.S. ‘ 1.34832  1.63135 1,54992 1.42480 1,27297 0.90251
Z,8. X=0.4 1.20099 1.29426 1.16409 1.03165 0.89979 0.65218
E.S. ' 1.35882 1.54992 1.36820 1,15584 0.93952 0.59495
Z,8. X=0.6 1,19487 1.21295 1.03165 0.86834 0,72283 0.47657
E.S. '1.34592 1.42480 1.15584 0.88723  0.64798 0.36428
Z,5. ¥=0.8 1,18387 1,12009 0.89979 0.72283 0.58117 0.35288
E.S. 1,31493  1.27297 0.93932 0.64798  0.41898  0.20515
Z,5. ¥=1,0 1.11110 0.39409 0.65218 0.47657 0.35288 0.20911

E,S. 1,14983  0.90251  0,59495 0.36428 0.20515 0.09059

q = q/E
2.5, ¥=0.0 0,92441 0.80141 0.79501 0.80513  0.81613 ~0.88890

E.S. 0.82742 0.65168 0.64118 0.65408 0.68507 0.85017
Z, . %=0,2 0.8014i 0.48234  0.40444  0,34855 0.31270 0.41811
E.S8. 0.65168 0.21339 0.14877 0.13670 0.15981  0.409%9
2,8, ¥=0.4 0.79901 0.40444 0,26870 0.16774 0,09595 0.16702
E.S. . 0.64118 0,14877 0.06459 0,04355 0.05642 0.22425
2,5, X=0.6 0.80513 0.34855 0,16774 0.03591 ~0.05558 0.00363
E.S. 0.65408 0.13670  0.04355 0.,01702 0.01927 0.11592
2,5, X=0.8 0.81613 0,31270 0.09595 -0.05558 ~0,15355 ~0.09368
E.S, 0.68507 0.15981 0.05642 0.01927 0.00865 0.05405

Z,5, X=1,0 0.83890 0,41811 0,16702 0.00363 ~0.09368 -0,08411

E.S. 0.85017 0.40969 0.22425 0.11592  0,05405  0.03441




B =J/%
ZASb

E.S.
2.8,
E.S.
2.8,
E.S.
2.8.
E.S.
2.8.
E.S.
7.8,
E.S.

q* =q/
Z.S.

E.S.

2.8,

E.S.
Z.8,
E.S.
Z.8,
E.S.
Z.8.
E.S.
Z.8,

E.S.

-7 -

Table 26, Local radiosity and heat flux for f) =0.1

W/1=0.5, H/1=0.1, T=T (1+(1-2)(Ty/T,-1)X/2) and Ty/T,=0/5

0.0

X=0,2

X=0,4

X=0.6

X=0.8

X=1.0

Eo
x=0.0

¥=0,2

¥=0.4

X=0.6

¥=0.8

X=1.0

z=110
1.01053

1.02566
1.03160
1.04857
1.03173
1.04905
1.03044
1.04758
1.02850
104459
1.01802

1.02262

0.90526
0.76907
0.71559
0.56287
0.71445
0.55858
0.72606
0.57176
0.74352
0.59866
0.83735

0.79642

2=0,6
1.03160

1.04857
0.99550
1.01215
0.92285
0.93528
0.85157
0.85977
0.78186

0.78664

10.69601

0.69006

0.71559
0.56287
0.26421
0.11430
0.18779
0.075%6
0.14332
0.06961
0.12721
0.08419
0.29688

0.35050

Z=0.2
1.03173

1.04905
0.92285
0.93528
0.78976
0.79287
0.66974
0.66420
0.56231
0.55041
0.45010

0.43364

0.71445
0.55858
0.18779
0.07596
0.05609
0.02815
~0,03073
0.01741
-0.08207
0.02507
0.04509

0.19323

 7=-0.2

1.03044
1.04758
0.85157
0.85977
0.66974
0.66440
0.51885
0.50188
0.39538
0.37002
0.27931

0.25561

0.72606
0.57176
0.14332
0.06961
-0.03073
0.01741
-0,14342
0.00431
=0.,22219
0.00636
-0.11280

0.10052

70,6
1.02850

1.04459
0.78186
0,78664
0.56231
0.55041
0.39538
0.37002
0.27161
0.23748
0.16641

0.13883

0.74352
0.59866
0.12721

0.08419

-0,08207

0.02507

-0.22219
0.00636
-0.30639
0.00082
-0.20168

0.04658

1?81802
1,02262
0.69601
0.69006
0.45010
0.43364
0.27931
0.25561
0.16641
0.13833
0.08801

0.06599

0.83785
0.79642
0.29688
0.35050
0.04509
0.19323
-0,11280
0,10052
-0.20168
0.04658
-0.16706

0.03108
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Fig. 41 Limits of validity of zero-order solution






