RADIATION IN ENCLOSURES

WITH SOME SPECULARLY
REFLECTING SURFACES

e Exchange Factor
 Net Radiation Method

e Curved Specularly Reflecting
Surfaces



optical roughness

long wavelength (infrared): specular
fashion

assumptions:

1) Specular reflectivity is independent of
Incident angle of radiation.

2) All surfaces are gray.



Exchange Factor

Specular view factor
Mirror-image method (Eckert & Sparrow 1965)
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When A, is a perfect specular reflector : p, =1

the fraction of radiation energy leaving dA,
that strikes A, after one specular reflection
at A, Fyyo4
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Reciprocity for specular surfaces
ql—)2 1) A1 —> A21

2) AL > Ao A,
q2—)l 1) AZ —> A11

2) A, = A, > A

G, =0T, A (Flz + P; F1(3)—2)
Q1= T, A (Fy + P3Fyays)
Isothermal enclosure q,_,, =0,
since AF,=AF,>AF, ,=AF,;_
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0,,.=&0T, AF,
0., =&0T, AF,
Isothermal enclosure
0, =&0T ‘AF,
0., =&0T AF,

q1—>2 — q2—>1



Net Radiation Method

enclosure with n plane surfaces

d: diffuse reflecting surfaces
n - d: specularly reflecting surfaces

for diffuse surfaces: 1<k <d

G =J—Gy or q= % (O-Tk4_‘]k)
1-¢,

J. =601, +(1-¢,)G,

for specular surfaces: d+1<k<n
Oy = & (O-T4_Gk)

iradiation G, —ZJ E, +o-z eT E,

i=d+1



Ay M G, ZJ E,, +0'Z eT E,

i=d+1
Ay N A, G, = J E11 +J,E,+J,E,+¢&,0T,E,
P GiA = J,A p;F
A A, +JZA2( F,, + p; F2(3)—1)
AF, =AF,, +J,A(Fi+ P5F o4 )
Al = AFg,, +&,0T, AF,,
AF,5.=AF . AR, =AF, AR, =AF,

G, =J,p, |:1(3)—1 +J, ( F, + p; |:1(3)—2)
+J, ( F,+p0; I:1(3)—4) + 6,01, F,
=-J,E,+J,E,+J,E,+&0T,E,



e parallel plates (both specular)

- 00 125 o' q:=8k(O'T4—Gk)
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spherical vacuum bottle
_ AIO-(T14 _T24)
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T,=525K, & =0.05
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b) surface 1 : specular

g, = 51A1(0-T14 — Gl)
Gl = J2E12 +\]3E13 +810'T14 E11
E12 = |:12’ E13 = F13’ E11 =0

T, =525 K
_ 4 _ 4 & =1

0, = 81A1(O'T14 - O-T24 F, - O'T34 FlS) =-144.6 W
O, = AZ(O'T; _Gz)
G,=J,E,+J;E, +£,0T,'E,,

E,,=p; F2(1)—2’ E,,=F,+ pls F2(1)—3’ E,, =F,



&=1

d, = A, I:O'T24 — 0 T24,01S |:2(1)—2
_O'T34 ( F23 + pls F2(1)—3 ) — 510'T14 F21:| =-28075W
q,+0,+0,=0 = g, =2952.1W

q, =-1446 W, q,=-2807.5W, q, =2952.1W
q, =-1446 W, q,=-25/1.8W, q,=27/16.4 W



Curved Specularly Reflecting Surface

Let X/D=p—¢

1) direct:
dX,
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2) one-reflection:
dXx, dX/2 dX
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