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8-4 | RADIATION SHAPE FACTOR

Consider two black surfaces A1 and A2, as shown in Figure 8-8 We wish to obtain a general
expression for the energy exchange between these surfaces when they are maintained at
different temperatures. The problem becomes essentially one of determining the amount of



Figure 8-% | Sketch showing area elements used in deniving
radiation shape factor.
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energy that leaves one surface and reaches the other. To solve this problem the radiation
shape factors are defined as

F1_ 73 = fraction of energy leaving surface 1 that reaches surface 2
F3_1 = fraction of energy leaving surface 2 that reaches surface 1
F;_ ;= fraction of energy leaving surface { that reaches surface j

Other names for the radiation shape factor are view factor, angle factor: and configuration
Jfactor: The energy leaving surface 1 and arriving at surface 2 is

Ep1A1F12
and the energy leaving surface 2 and arriving at surface 1 1s
EpA2Fn

Since the surfaces are black, all the incident radiation will be absorbed, and the net energy
exchange 15
EpA1F12 — EnA2F1= 012

If both surfaces are at the same temperature, there can be no heat exchange, thatis, @ _>=0.
Also. for i =T

Epl = Ep
so that
ArFp=AxFy [8-18]
The net heat exchange 1s therefore
Q12 =A1F(Ep — Epp) = Ay Fo1(Epy — E2) [8-19]

Equation (8-18) is known as a reciprocity relation, and it applies in a general way for
any two surfaces i and j:
AiFij=AjFj; [8-18a]

Although the relation is derived for black surfaces, it holds for other surfaces also as long
as diffuse radiation 1s involved.



8-5 | RELATIONS BETWEEN SHAPE FACTORS

Some useful relations between shape factors may be obtained by considening the system
shown 1n Figure 8-19. Suppose that the shape factor for radiation from A3 to the combimed
area A1 7 1s desired. This shape factor must be given very simply as

Fs12=F_1+F;2 [8-25]

that 1s. the total shape factor 1s the sum of its parts. We could also write Equation (8-25) as

Ai3Fi_12=A3F3_1+ A3F3) [3-26]

and making use of the reciprocity relations

AzFi_12=A12F12 3
AsFs1=A1F13
AsF3 2=A2F 3

the expression could be rewritten

A12R 2 3=A1Fi 3+ A1F 3 [8-27]

which simply states that the total radiation arriving at surface 3 is the sum of the radiations
from surfaces 1 and 2. Suppose we wish to determine the shape factor F_ 3 for the surfaces
m Figure 8-20 in terms of known shape factors for perpendicular rectangles with a common
edge. We may write

Flas=F_2+F_3

m accordance with Equation (8-25). Both Fi_23 and Fi_2 may be determined from
Figure 8-14, so that Fi_3 1s easily calculated when the dimensions are known. Now con-
sider the somewhat more complicated situation shown m Figure 8-21. An expression for the
shape factor Fq_4 1s desired in terms of known shape factors for perpendicular rectangles

Figure 8-19 | Sketch showing some
relations between shape
factors.
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A1pF12 34=A1F1 34+ A2F 34 [a]

in accordance with Equation (8-25). Both Fi3 34 and F>_ 34 can be obtamned from
Figure 8-14, and Fi_3 4 may be expressed

AjFi 3a=A1R 3+ A1F 4 [&]

Also
A12F1 3=A1F1_3+ A2 Fa3 [€]

Solving for A1 F1_3 from (c). inserting this i (). and then inserting the resultant expression
for A1F1_3.4 1n (2) gives

A1pF12 34=A10R12 3 - AR 3+ A1F 4+ A2F2 34 [d]
Notice that all shape factors except Fi_s may be determined from Figure 8-14. Thus

1
Fla= A—(A1.2F1.2_3.4 +A2F 3—A12F12 35— A2F) 34) [3-28]
1

In the foregoing discussion the tacit assumption has been made that the various bodies
do not see themselves. that 1s,

Mm=FrmMm=F3=0--

To be perfecily general, we must include the possibility of concave curved surfaces, which
may then see themselves. The general relation 1s therefore

n
>_Fi=10 [5-29]

where F;; is the fraction of the total energy leaving surface i that arrives at surface j. Thus
for a three-surface enclosure we would write

Fu+Fi2+ Fi3=1.0

and Fi) represents the fraction of energy leaving surface 1 that strikes surface 1. A certain
amount of care 1s required 1 analvzing radiation exchange between curved surfaces.




Numerical 1:

Two concentric cylinders having diameters of 10 and 20 cm have a length of 20 cm. Calculate the
shape factor between the open ends of the cylinders.

B Solution
We use the nomenclature of Figure 8-15 for this problem and designate the open ends as sur-
faces 3 and 4 We have L/ry =20/10=2.0 and rq,/r» =0.5; so from Figure 8-15 or Table 8-2
we obtain

F1=04126 Fr2=0.3286

Using the reciprocity relation [Equation (8-18)] we have
Al Fj2= A3 Fa and Fa =(dy/dy) F31 =(20/101(0.4126) = 0.8253

For surface 2 we have
Fiu+Fo+FPs+Fy=10

From symmetry Fy3 = Fa4 so that
Fa3 = Fag = (%) (1 —0.4126 — 0.3286) = 0.1294
Using reciprocity again,
AxFy3=A3F3)
and m(20)(20)
Fﬂ:mﬂ.uﬁzﬂ.ﬁ?ﬂl

We observe that Fj] = F33 = Fq4 =0 and for surface 3

Fy1+ Fip+ Fap=1.0 [a]
So, if F3; can be determined, we can calculate the desired quantity F34. For surface 1

Fla+ Fis+ Fla=1.0

and from symmetry Fj3 = Fi4 so that

1
Fi3= (E) (1—10.8253)=0.0874

Using reciprocity gives
A1 F13=A3F31
m(10)(20)
Fy = 0.0874=10.233
=007 _105) 4
Then, from Equation (a)

Fag=1—0.233 — 0.6901 = 0.0769
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