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ABSTRACT 

An approximation procedure for determining radiative 

heat transfer configuration factors has been presented and 

discussed. The approximation method proposed was applied 

to several configurations and the results obtained have 

been presented in graphical form for several variations 

of the parameters in each case. A detailed discussion of 

the errors involved in applying the approximation method 

is also included. 
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I. INTRODUCTION 

In the study of radiative heat transfer problems, several 

assumptions are usually made regarding the transfer process 

in order to bring the problem within the range of a solution. 

As an example, consider the case of radiant exchange between 

two solid bodies. Assuming that the bodies are perfect black- 

body radiators exchanging energy in an absolute vacuum, that 

Lambert's law of diffuse radiation holds, and that the bodies 

have a uniform temperature, the amount of energy that leaves 

one body and reaches the other must still be determined. This 

amount of energy is usually expressed as that percentage of 

the total energy leaving the surface of a body which impinges 

on the surface of a second body. It is defined by the follow¬ 

ing equation: 

1-2 
1_ 
A, 

A1 A2 

cos cp^ cos CP2 dA-^cU^ 

TTR
2 

(1.1) 

The term ^-^-2 ak°ve equation represents that fraction 

of the total energy leaving a body surface or portion of a 

body surface designated as A-^ that impinges on the surface or 

part of the body surface specified as A2 (see Figure 1). F^_^ 

is called the configuration factor, view factor, angle factor, 

geometric configuration factor or shape factor. 

It is generally not very difficult to derive the ex¬ 

pression for the integrand and the elemental areas dA^, 

in terms of the particular coordinate system chosen for a 

given problem. However, it is virtually impossible to carry 
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out the four consecutive integrations required except for 

bodies of the most simple geometric configuration. The limits 

of integration are sometimes very difficult to determine, often 

requiring the use of detailed drawings of the configuration or 

scaled models, both of which are time consuming and expensive 

to obtain, 

Equation (1.1) has been solved exactly for only a very 

few special cases which involve very simple geometries such 

as parallel disks with a common center-line, identical par¬ 

allel rectangular plates and several geometries involving 

differential areas radiating to finite surfaces. 

Because of the difficulty involved in solving for the con¬ 

figuration factor exactly, numerical solutions are often at¬ 

tempted. This approach has several serious disadvantages. The 

four integrations and the complexity of the integrand of most 

problems require the use of a digital computer comparable in 

speed and size to the IBM 7094. Machines of this degree of 

sophistication are often not readily available. The time 

required to set up the problem for a numerical solution and 

to program it into computer logic is often excessive. This 

process usually requires a skilled programmer who is familiar 

with numerical methods. The determination of the error in¬ 

volved in multiple numerical integration is extremely diffi¬ 

cult and often requires that the problem be solved several 

times to determine the number of points that must be taken 

over each interval of integration to insure the accuracy of 

the answer. Assuming that the problem has been successfully 
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programmed into the computer, the machine time required to 

compute the solution can be prohibitively expensive, espe¬ 

cially when several permutations of a given configuration are 

required. Even with an IBM 7094, or a comparable machine, and 

associated high speed input and output devices, the actual so¬ 

lution time may be several hours. This cost can exceed $700.00 

an hour. Even if the expense involved can be justified, the 

time allowed for a solution may require that the numerical 

approach be abandoned. This is especially true in the case of 

answers that were needed "three days ago" as is so frequently 

encountered in engineering work. 

Another approach that may be employed is the use of ex¬ 

perimental techniques involving models. Regardless of the 

methods used, this approach has disadvantages similar to those 

of the numerical methods in that model work is both expensive 

and time consuming. In addition it is even more difficult to 

vary the parameters of the problem which involve the shape 

or size of a given configuration, since a new model must be 

built for each new case. 

Thus , a simple method of approximately determining the 

configuration factor would be desirable. This thesis presents 

and discusses one such method with several illustrative ex¬ 

amples . 

In section II the general form of the approximation method 

is presented with a short discussion of the mean value theorem 

for double integrals. The mean value theorem is included as 

an aid to the understanding and clarification of the method. 
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Section III comprises examples of the approximation method 

as applied to several configurations. The final portion of 

the thesis is a summary of the results, and a discussion of 

the range and validity of the method. 
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II. DISCUSSION 

1. An Approximation Method 

The general form of an approximation method for deter 

mining configuration factors is presented in this section. 

Equation (1.1) can be written in the following form: 

= J 1 Ax ’A2 

FdA2_1dA2 (2.1) 

FdA 2-1 

COS CPi cos cp2 
dAn 

TTR 

(2.2) 

Equation (2.1) is simply a statement of the fact that, de¬ 

fining the proper limits, the integration can be carried 

out in any order. In this case the integration over A-^ is 

to be performed first. The factor FdA2_-^ is the configu¬ 

ration factor for the elemental area dA2 to the surface A-^. 

It represents that percentage of the energy emitted at dA2 

which impinges on the surface A^. If some appropriate "mean" 

value q of cp2 can be found, Equation (2.2) can be written as, 

cos cp. dA. 
FdAo , = £S£_EL I  IJ 1 

‘2-1 TT 
(2.3) 

R 

The term "mean" has been enclosed in quotation marks to in¬ 

dicate that q does not necessarily have to be the mean value 

as is usually understood in the sense of the mean value the¬ 

orem of calculus. The evaluation or choice of q can largely 

be determined by a consideration of its maximum and minimum 

values for the integration over surface A-^. The use of any 
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symmetry properties of the configuration is also helpful as 

will be pointed out in the examples. 

Inspection of Equation (2.3) shows that the integral 

over A-^ represents the solid angle subtended at CIA2 by the 

surface A^. The solid angle subtended at a point by a sur¬ 

face is defined as the area projected radially by the given 

surface on a sphere centered at the point divided by the 

square of the radius of the sphere. Thus the solid angle 

at CIA2 may be evaluated at any convenient radius from c^. 

If lines which pass through and the points on the boundary 

of A-^, as seen from CLA2, and some convenient length p is 

chosen, the solid angle at is the projected area of A^ 
2 

on the sphere p=constant divided by p . The area projected 

on to the sphere often is as complex and as difficult to des¬ 

cribe analytically as the body itself. This problem re¬ 

presents one of the principal disadvantages of the Reference 

Sphere Method proposed by Nusselt'f (1,2). For an approxi¬ 

mation to this exact solution of the solid angle, the follow¬ 

ing scheme is proposed. Construct a line "A" through dA2 at 

an angle r\ to the local unit surface normal, and a convenient 

point on the surface A^ (see Figure 2). At the intersection 

of the sphere p= constant and the line "A", pass a plane 

"B" perpendicular to the line "A". Now project the surface 

A-^ on to the plane "B". Even with this simplification the 

*Numbers enclosed in parenthesis refer to references listed 
in the Bibliography. 
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analytical description of the area projected on the plane 

"B" may be too difficult to obtain. For this case an addi¬ 

tion approximation may be made by assuming that the area 

projected on the plane "B" can be described by some simple 

geometric figure. Thus defining an approximation area A^. 

Now, Equation (2.3) may be written as: 

FdA 2-1 

COS T) A 

TTP 

(2.4) 

This equation may be used to evaluate, approximately, 

from Equation (2.1). The range of applicability of this 

method and its validity will be discussed in the Summary 

after a few illustrative examples have been presented. 

2. The Mean Value Theorem For Double Integrals 

The particular form of the theorem to be quoted below 

is due to Apostol (3) and is presented here to help clarify 

the evaluation or choice of q in the last section. Assume 

that the functions g(x,y) and f(x,y) are integrable on a 

bounded set S in a two dimensional Euclidean space. Suppose 

that g(x,y) 5 o for all values of x and y in S. If in 

addition S is connected, and f(x,y) is continuous on S, the 

mean value theorem takes the form 

J f(x,y)g(x,y)dS = f(x0,y0)J' g(x,y)dS (2.5) 
S S 

where (XQ^Q) is some value in S. 

Since, by careful specification of the limits, the 

integrand of Equation (2.2) satisfies all of the conditions 



required, the mean value theorem may be applied to this 

integral. If 
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S = A 1 

f(x,y) = cos (£>2 (2.6) 

g(x,y) 
COS cp^ 

TTR
2 

Equation (2.5) takes the form 

cos cp^ cos cp£ 

h 
TTR 

dA^ = cos q?2 J. 

COS *1 dA, 

TTR 

(2.7) 

where cp^ is evaluated at some point (XQ^Q) on A^. 

The fact that there does exist a point such that 

Equation (2.7) is valid lends credit to the method pres¬ 

ented in this thesis. Since Equation (2.7) can be con¬ 

sidered as a definition of the mean value point, it is 

easily seen that in order to determine the point exactly, 

the left side of Equation (2.7) must be solved analytically. 

If this were possible the approximation method would be 

unnecessary. While the method proposed does not require 

that the mean value point be known, it does require that 

the existence of the point be understood. Any symmetry 

properties of the body should be taken into account when 

trying to determine the value of r\. This will become more 

evident after a few examples have been discussed. 
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III. EXAMPLES 

1. Introduction 

The examples chosen for presentation were picked to 

illustrate the approximation method and were not intended 

to represent a general class of bodies or all possible solid 

body configurations. However, the configurations chosen 

could be classed as follows: 

1) Radiation between a differential area and a 

plane 

2) Radiation between a plane and a plane 

3) Radiation between solid body and a plane. 

For the examples chosen, the configuration factor was deter¬ 

mined (over a range of the parameters involved) by both the 

approximation method proposed and the "exact" method for 

comparison purposes. The "exact" solution to the problems 

(other than the differential area and disk-disk configu¬ 

rations) refers to a numerical solution of Equation (1.1) 

in its complete form by Simpson's Rule. In the case of the 

cylinder to disk configuration, three of the four integra¬ 

tions were carried out analytically. The hemisphere to disk 

cases required a numerical solution for two of the four in¬ 

tegrations. Several test cases were run for each case to 

determine the interval size for use in the numerical inte¬ 

gration. Since the main purpose of this work is to test the 

accuracy of the proposed simplified technique, the results 

are presented in graphical plots rather than in detailed 

tabulated form. The error shown in the graphs has for all 
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cases been calculated by subtracting the approximate value 

from the "exact" value and dividing the difference by the 

"exact" value. 

2. Differential Area to Disk 

This configuration is that of a differential area 

exchanging energy with a finite disk. The disk has been 

labeled and the differential area dA£. Referring to 

Figure 3, b is the radius of the disk, a is the dis¬ 

tance between the disk and the plane of dA£ , and c is 

the distance from the intersection of the center line of 

the disk and the plane of to the differential area. 

For this case the value of q is chosen such that the 

line "A" through passes through the center of the disk. 

It is seen that the plane "B", perpendicular to line "A", 

has been constructed through the center of the disk. The 

lower drawing of Figure 3 has been purposely drawn in two 

dimensions since the configuration is symmetric with respect 

to a plane through the differential area and the center of 

the disk. Thus the mean value of the cos cp2 (Equation (2.2)) 

lies somewhere on the intersection of the plane of symmetry 

and the disk. The projection of the disk onto the plane 

"B" is an ellipse. 
o 

Ap = rrb cos n . (3.1) 

Thus Equation (2.4) 

FdA 2-1 

is written as 
, 2 2 b cos^- n 

2 
P 

5 (3.2) 
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where cos r| = a/p 

2 „2 , 2 p = a + c . 

To non-dimensionalize the problem, define 

B = b/a 

C = c/a 

(3.3) 

(3.4) 

With these results Fc^.-^ is approximated as 

B2 

FdA 2-1 (l+C2)2 
(3.5) 

The exact solution, given by Jakob (1) is 

1+C2-B2 

■ ) (3.6) 
C4+2C2(1-B2)+(1+B2)2 

In studying the results obtained (see Figure 4 and 5), 

it is seen that the approximate value of FCLA^.-L approaches 

the exact value as C becomes large. Also it should be noted 

that increasing B has the effect of shifting the error curve 

to the right. This effect may be explained by the following 

discussion. Since B = b/a, B may be increased by holding a 

constant and increasing the disk size. If b is held con¬ 

stant, the effect of decreasing a is to decrease the mag¬ 

nitude of p of Equation (3.2) and to increase its variation 

over the projected area Ap. Since p has been assumed to be 

approximately constant, increasing the variation of p would 

decrease the accuracy of the results. If a is constant, 

increasing the disk size increases the solid angle subtended 

at dA2 and the variation of p over Ap. One of the main reasons 

for the large errors for small values of C is that q is not a 

FdA 2-1 = 7(1 - 

V 
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good approximation for the mean value of CP2 for these values 

of C. As C is increased, the solid angle subtended at 

decreases, the projected area Ap decreases, and the magnitude 

of p increases. The accuracy of the approximation increases 

accordingly. This trend will be observed throughout the 

examples presented. 

3. Disk to Disk Configuration 

If the distance c of the previous example is thought of 

as the radius of a second disk, a disk to disk configuration 

can be studied. The disk are parallel and have a common 

center line. Substituting Equation (3.5) into Equation (2.1), 

,2 
F
I-2 “ XT I 

B 
dA, 

1 "A2 (1+C
2
)
2 2 

(3.7) 

Performing the integration over A2 and substituting for A^, 

Equation (3.7) is written as 

F 1-2 
c2 
1+C2 

(3.8) 

The exact solution, given by Jakob (1) is 

1-2 
1+B2+C2-^ (1+B2+C2)2-4B2C2 

2B' 
(3.9) 

The results obtained for this case are similar to those 

of the differential area to disk configuration, as could be 

expected. The outstanding difference in the two cases is 

the rapid convergence of the approximate solution to the 

exact solution for the disk to disk configuration. The 
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osillation from large negative error to large positive error 

of the differential area case for values of C between 0 and 

4 (Figure 5) has a stablizing effect on the approximate so¬ 

lution for the disk-disk case. That is for small values of 

C the error in the approximate solution tend to cancel and 

thus the approximate solution gives very good results for 

values of C > 3.0 for both values of B. As could be ex¬ 

pected, increasing the value of B shifts the error curve to 

the right (Figure 8). 

4. Circular Cylinder to Disk Configuration 

Referring to Figure 9, it is seen that the cylinder is 

partitioned into two surfaces. The lower base of the cylin¬ 

der is designated surface and the vertical surface is 

specified as A^. With this division, the following equations 

are valid. 

AlFl-2 A3F3-2 + A4F4-2 

A1 = A3 + A4 

(3.10) 

Since the configuration factor between parallel disk with 

a common center line is known, may he determined analyt¬ 

ically. To evaluate F^_2 the integrand of Equation (1.1) 

must be expressed in terms of the coordinate system described 

in Figure 9. Those quantities are expressed as follows: 

r cos (cp2_(P3) “ 9 
COS cp^ 

COS (£>2 = z/R 
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R2 = q2+r2+z2-2rq cos (92-63) 

dA^ = qd0^dz (3.11) 

CLA.2 = rdrd@2 

Equation (1.1) can be expressed in terms of the configuration 

considered. 

zrq(r cos(6o-9Q)-q)dzd9od0Qdr 
F, , -4- J J  2 2 2 — M— <3-12> 

3-2 ^3 A3
JA2 (q2+r+z-2rq cos(02-03))2 

A3 = 2nq(H-h) 

To non-dimensionalize the problem, define 

D = q/Q 

E = h/Q 
(3.13) 

F = H/Q 

G = r/Q 

Performing the first three integrations and substituting 

the parameters defined by Equation (3.12), Equation (3.12) 

becomes 

F 3-2 “ 

rrD(F-E) I 
D 

9 9 9 
G (E^+G -Dj tan -1 

^(E2+D2+G2)2-4G2D2 

(G-D) (E2+(G+D)2) 

(G+D) (E2+(G-D)2) 

G(F2+G2-D2) 

^(F2+G2+D2)2-4G2D2 

tan -1 (F2+(G+D)2) (G-D) 

(F2+(G-D)2)(G+D) 
dG 

(3.14) 
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Equation (3.14) was integrated numerically by Simpson's 

Rule to provide the "exact" solution for this configuration. 

For the approximate solution the angle q is chosen so 

that the line "B" through dA2 to surface A-^ passes through 

the cylinder at the midpoint of its axis. It should be 

noted that since the configuration is symmetric about the 

axis of the cylinder, the location of dA£ is independent 

of any reference angle and that the configuration may be 

adequately represented in two-dimensions. The plane "B" 

has been constructed through the intersection of the line 

"A" and the center line of the configuration. The area 

projected on to the plane "B" is a rectangle with semi- 

elipses on the top and bottom (see insert - Figure 9). 

Thus 

Ap = (H-h) (2q) sin q + nq2 cos q (3.15) 

Equation (2.4) takes the form 

where 

FdA2_i = "C'np"2^2c^H~k) sin 'H + n<l^ cos rl) > (3.16) 

cos q = c/p 

sin q = r/p 

2 2 2 p = r +c 

c = (H+h)/2 

(3.17) 

Substituting these relations into Equation (2.1) the approx¬ 

imate solution for the configuration factor is expressed as 
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F ^2 C2,2>rdrde2 
(r +c ) 

(3.18) 
A1 = 2iTq(q+H-h) 

Integrating 

F 
2 (H-h)q tan~1(Q/c) , qQ(nqQ - 2(H-h)c) 

A1(Q
2+c2) 1-2 

(3.19) 

The results are presented in Figures 10 and 11 for the 

case of a given cylinder ((H-h) /q = 4) at two heights above 

the disk. It should be noted that as the height above the 

disk is increased the accuracy of the approximation increases 

until a value of Q/q s 6. is reached, then begins to decrease 

as compared with the small values of h/q. This may be ex¬ 

plained by the following argument. The problem is essen¬ 

tially a disk to disk configuration for small values of 

Q/q.. Thus the error for the h/q = 10. case would be less 

than the error for the h/q = 4. case since the value of p 

for large h/q is greater than and its variation over Ap is less 

than the corresponding values for small h/q. As Q/q in¬ 

creases, the percentage of the energy leaving the cylindri¬ 

cal surface that reaches the disk becomes an increasingly 

larger fraction of the total energy leaving the cylinder 

that impinges on the disk. For small values of h/q the 

effect of the cylindrical surface predominates for smaller 

values of Q/q than for large values of h/q. Thus for 

6. < Q/q < 20. the approximation is more accurate for the 
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case of h/q = 4. than for h/q = 10. because the variation of 

p over the projected area of the cylindrical surface is less 

for h/q = 4. than for h/q = 10. Also n is a better approx¬ 

imation of cp2 for the case h/q = 4. than the case of h/q = 

10. over the range 6. ^ Q/q ^ 20. 

For the case of a body which is symmetric with respect 

to a plane parallel to an infinite plane, it can be argued, 

though for this case not proven mathematically, that half 

of the energy leaving the symmetric body will reach the in¬ 

finite plane. It is easily shown that F^_2 of Equation 

(3.19) approaches 0.5 as Q/q -* ». Therefore, the approximate 

method gives an exact answer as Q/q -* ». 

5. Hemisphere to Disk Configuration 

A description of this case is given in Figure 12. This 

example presents an interesting illustration of the value 

of the approximate method. It is very easy to approximate 

but was the most difficult case to solve analytically. 

Equation (3.10) may be applied to this configuration 

if Ag is the spherical surface of the hemisphere and A^ is 

the base. To determine F^_2 t^ie integrand of Equation (1.1) , 

expressed in terms of the configuration considered, can be 

written as follows: 

r cos (82~ 93) sin \|t + h cos i|i - q 
cos 

cos 

R 
2 

_ h-q cos ijr 
^2 R 

2 2 2 
= q +h +r -2rq cos(82“63)sin i|i - 2hq cos 
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dAg = q2 sin f dG^dij; (3.20) 

dA2 = rdrd02 . 

To non-dimensionalize the problem, define 

a = h/Q 

b = q/Q (3.21) 

c = r/Q 

Performing the integrations over 02 and 0^ and introducing 

Equation (3.21), Equation (1.1) becomes 

where 

= 1 p1 p*u F(AE-BD) sin q + 

"2 n J0 J
TT/2 (E

2
-D

2
)(E+D COS a) 

2F(BE-AD) 

F2-D2)3/2 

A = C sin i|r 

B.= a cos #-b 

tan 
-1 

(E-D)(1-cos q) dtdc 

(E+D) (1-t-cos a) 

(3.22) 

D = -2cb sin f 

E = a2+b2+c2-2ab cos \[; 

F = c sin \|/ (a-b cos \|t) 

G 
2 2 ,2 

a +c -b 

a = tan 
-1 7c2 sin2i];-(b-a cos fr)2 

b-a cos 

(3.23) 

b c~f~a./G 

ab-cjG 
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Equation (3.22) was solved "exactly" by numerical integration 

using Simpson's Rule. 

To obtain an approximate value for the configuration fac¬ 

tor, the line "A" was drawn through and a point on the 

center line of the configuration at a distance h + q/2 above 

the plane of the disk, thus defining the angle q. The plane 

"B" is constructed normal to the line "A" at the intersection 

of "A" and the center line of the configuration. The area 

projected on to the plane "B" is a semicircle with a semi- 

elipse at the base of the semicircle (see insert - Figure 12). 

Thus 

Ap = (rrq^+nq^ cos q)/2. (3.24) 

Now Equation (2.4) becomes 

L2-1 FdA0 i = COS2^ (nq2(l + cos q)) 

where 

2rrp‘ 

cos q = d/p 

p2 = d2
+r2 

(3.25) 

(3.26) 

d = h + q/2 

Substituting Equation (3.24) into Equation (2.1) and perform¬ 

ing the integration over the disk, the following expression 

is obtained for the approximate value of the configuration 

factor. 

F = 1 /3 - d , Q 
1-2 " 3'W 6(Q2+d2) 

The results for this case are presented in Figures 13 and 

14. It should be noted that the approximate method gives 
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excellent results for all values of Q/q, for the two cases 

presented. Considering the case of h/q = 2. the unusual shape 

of the error curve may be explained as follows. For small 

values of Q/q this configuration is essentially a disk to disk 

configuration. As Q/q increases there is a transition to the 

hemisphere to disk configuration. That is, the amount of 

energy leaving the hemispherical surface of that reaches 

the disk becomes an increasingly larger percentage of the total 

energy impinging on the disk. One explanation of the peak in 

error curve for h/q = 2. is that r\ does not approximate the 

mean value of cp2 very closely in the range 5. ^ Q/q ^ 15. 

The location of the mean value point for cos cp2 is more diffi¬ 

cult since the hemisphere is not symmetric with respect to a 

plane parallel to the disk as was the cylinder. For the range 

15. S Q/q I 100. the error is seen to be almost constant. Since 

the projected area of the hemisphere on the plane "B" is inde¬ 

pendent of the angle r\ for large values of Q/q, it should be 

expected that the error would almost be independent of Q/q 

and thus only a function of the error involved in approximating 

the mean value of cp2 by h • 

For the case of h/q = 10., the error curve is of the same 

general shape as has been obtained in the previous three con¬ 

figurations . The value of h/q is large enough so that the ex¬ 

cessive error encountered in the previous case for small values 

of Q/q does not appear. It is seen that the value of r\ chosen 

is a close approximation (error is less than 4% for Q/q > 15.) 

to the mean value of cp2 • 
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IV SUMMARY 

1. The Validity of the Approximation Approach 

In the discussion of any approximation procedure, it is 

desirable that a very general but exact statement of the range 

of application and the validity of the approach be made. It 

has been shown that, for several cases, the procedure pres¬ 

ented gives very good results. The method is easily applied 

and does offer an inexpensive, "quick" solution to the con¬ 

figuration factor problem. If the exact solution is desired, 

the approximation method provides a simple check on the accu¬ 

racy of the analytical or numerical work involved. Because 

of the enormity of the problem the infinite variety of pos¬ 

sible geometric configurations, and the limited amount of 

work that has been done using this type of approach, a general 

statement regarding the range of application cannot be made 

at this time. That the approach is a valid one can be jus¬ 

tified in part by the mean value theorem for integrals (the 

approximation of q^) and even more convincingly by the ex¬ 

cellent results obtained for the four cases presented. 

The following comments should be helpful in any attempt 

at applying this approximation approach. 

1) Any symmetry properties of the configuration 

should be taken into consideration when attempting to determine 

the value of r|. 

2) The approximate answer should approach the exact 

solution as the distance between the two bodies becomes large 

with respect to the dimensions of the bodies. There are 



22 

several reasons for this. The distance between the two ele- 
-4 

mental areas of Equation (1.1) appears as R because the 

cos cp^ and cos both are functions of this distance, thus 

tending to force the value of F^_£ *"° some constant. The 

variation of the body geometries is increasingly less sig¬ 

nificant as the bodies are separated. Finally, the approxi¬ 

mate values are more easily determined when the bodies are 

separated by large distances compared to their size. 

3) Since the configuration factor possesses the 

reciprocal property that A-^F^_2 = ^■2^2-1 * mos^ geome" 

trically simple body should be chosen as the body of 

Equation (2.1). This has been done throughout in the ex¬ 

amples presented, choosing the disk as the body A£* 

It must be remembered that the assumptions mentioned in 

the introduction regarding the energy transfer process in¬ 

troduce errors into the problem. No surface follows Lambert's 

Law exactly, for example. The point is that a great deal of 

liberties have already been taken regarding the actual prob¬ 

lem. In most cases, the answers obtained, even if the con¬ 

figuration factor equation were solved analytically, still 

would be in error when compared with experimental results. 

Thus, it appears justified to introduce approximate methods 

of evaluating the configuration factor. 

2. Suggestions for Further Study 

Several interesting avenues of study are open for further 

work along these lines. All should be aimed at developing 
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a general statement of the range of applicability of the 

procedure. Several other cases, such as a sphere to a plane 

surface and solid body to solid body configurations, would 

be of interest and these mentioned represent a logical order¬ 

ing of cases to be considered. A calculus of variation 

approach may be useful to determine the maximum and minimum 

values of the cos in an effort to make a more suitable 

choice of p. An attempt at grouping configurations into 

general classes, such as bodies of revolution or concentric 

body configurations, and obtaining an "exact" solution for 

a general class would thus greatly generalize the solution 

of Equation (1.1) and give a check for the approximation 

method as applied to any particular body in a given class. 
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b - Radius of disk I 

c - Radius of disk II 

a - Distance between disk 

B = b/a C = c/a 

FIGURE 6 

Description of the Disk to Disk Configuration 
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0. 2. 4. 6. 8. 10. 

FIGURE 7 

Configuration Factor - Disk to Disk 
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FIGURE 9 

Description of the Cylinder to Disk Configuration 



C
o
n
f
i
g
u
r
a
t
i
o
n
 
F
a
c
t
o
r
 
C
o
n
f
i
g
u
r
a
t
i
o
n
 
F
a
c
t
o
r
 

33 

Q/q 

Q/q 

FIGURE 10 

Configuration Factor for Cylinder to Disk 
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Q/q 
FIGURE 11 

Percent Error - Cylinder to Disk Configuration 
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Q - 

q - 

h - 

Radius of disk 

Radius of hemi¬ 
sphere 

Distance between 
the hemisphere 
and the disk 

FIGURE 12 

Description of the Hemisphere to Disk Configuration 
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Q/q 

0. 20. 40'Q/q 60- 80. 100, 

FIGURE 13 

Configuration Factor for the Hemisphere to Disk 
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0. 20. 40*Q/q 60, 80. 100. 

FIGURE 14 

Percent Error - Hemisphere to Disk Configuration 
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