Heat & Mass Transfer Chapter 14. Radiation Heat Transfer

14.4 Nonblack Surfaces

® (Gray surfaces

q12 = 0A1F12 (T14 - T24) = 04;Fy (T14 - T24)
where, F,,, F,q: overall interchange factor, f(eq, €5),

A"\ BTU
= 5.672 x 10~8 =0.1713 x 1078
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14.4 Nonblack Surfaces

(@152 = 0TT€16,[1+ (1 —e)(1 =€) + (1 — €)*(1 — €)% + -]
(b)qz-1 = [—062 +oe5(1—€) +oe,(1—€)*(1—€)* + '“]Tz4
= —0oT}|e; —€2(1 —€)) + 0e3(1 — €1)%(1 — €)% — -]

=-oTH{e; —ef(1—e)[1+ (1 - ) — ) + (1 —€)?*(1 — ) + -1}

.
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14.4 Nonblack Surfaces

g1z = (@) + (b) = 152 + 21

lety=(1—-€;)(1 —¢,),
d12
= oTtee(1+y+y2 +y3 + )
—oTf[e; —e3A—e)(1+y+y? +y° + )]

sincey<1then,1+y+y2+y3+---—L

=15
CI12=O-T14€1€ZE_O-T24 62—55(1—61)1_),
d12 = 01417:12(7114_7124) = UA2?21(1T14_T24) Ol2=,
Fiz =l+l_1
€1 €y

.
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14.5 Total heat transfer by conduction, convection, and radiation

q q q
XT _ ZC Z" = h (T, —T) + o€, (T* — T%)

where, %T: total heat flux, %: heat flux by conduction and convection

%: heat flux by radiation, h.: convective heat transfer coefficient

€, - emissivity of surface, T, : temperature of surface, T: surrounding Temp.

dr _
1= (he + 1T, = T)

h,: radiation heat transfer coefficient

qr
e = AT =

.
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Example

7+
~ 5 LHEEL gray bodyO|
- S ZEEoHAEZ ZLC}
—  ZUHET AO|Of| IHEALE| = (reradiated) LHSHE (refractory wall)2 §1CtH

q/A = UT12(T14 _T24)

1 1
Fip = = = 0.34
271/, +1/e, -1 1/0.7+1/0.4—1
q/A = (5672 x 1078) - 0.34 - (986* — 478%) = 17220.56 W/m?

b) U2 U205 black bodyE 7t H e, =1

1 1
Fia = = =0.7
7 1/e;+1/eg -1 1/0.7+1/1—1
1 1

0.4

T p— p— —_—
2 T 1)eq+1/e,—1 1/1+1/04-1
G1a = qa2
0AF1, (T — Tg) = 0AF 5 (T4 — T5)

4| FoaT + FpTE +]0.7 X 986% + 0.4 x 4784
= = 887.52 K = 614.52°C

T. =
@ Fia + Far 0.7 + 0.4



Example 14.1

61 == 056
graybody 573 K
blackbody €, = 1.00
graybody 298 K
€3 = 0.56
a) T, =?

2 is blackbody =2 €, = 1.00

12 = Q23 - 2is blackbody
q1z = oA, Fpp (T —T3)
Q23 = 0A;Fo3(TF — T3)
0A1Fry (T —T3) = 04, Fy3 (TS — T3)
1 1

Fiz = 0.56

“1/e+1/e,—1 1/056+1/1.0—1

_ 1 3 1

1/ +1/es—1 1/056+1/1.0—1
¢ —Ty =T, — T3

T. —4/T14+T34—490K
2 — 2 -

= 0.56

Fas3




Example 14.1

b) Heat flux ?
q1z = 0A1Fy, (T14 - T24)
q12/A = 0Fy, (T14 - T24)
= (5.672 x 1078)[W/m? - K*] - 0.56 - (573* — 490.41%)[K]
= 1586.85 W/m?

423 = 01‘127:23(7124 - T’f)
= (5.672 x 10_8)[W/m2 . K4] -0.56 - (7904 — 2984)[1(]
= 1586.73 W/m2

q12 = (423
*) BtQF 2 7t QICHH,
qi13/A = O'A1T13(T14 - T??)
1 1

Fiz = = =0.39
137 1/e,+1/e5—1" 1/0.56+1/1.0—1

q13 _ 4 4\ _

_A = O-A1T13 (Tl — T3) =

= (5.672 x 1078)[W/m? - K*] - 0.39 - (573* — 298%)[K]
= 2210.17 W/m?



