15-10

15-27 A glass window transmits 90% of the radiation in a specified wavelength range and is opaque for
radiation at other wavelengths. The rate of radiation transmitted through this window is to be determined
for two cases.

Assumptions The sources behave as a black body.

Analysis The surface area of the glass window is |
A, =4m? ™ /

(a) For a blackbody source at 5800 K, the total blackbody radiation emission is - -
E,(T)=0T"*4, =(5.67x10" kW/m? K)*(5800K)* (4 m?) = 2.567x10° kW / | N
The fraction of radiation in the range of 0.3 to 3.0 um is L

AT = (030 zm)(5800K) = 1740 gmK ——> f, =0.03345 ‘_‘}/ Tcza(f;

2,7 = (3.0 £m)(5800K) = 17,400 zmK —— £, =0.97875 -

Af = f,, = f; =0.97875-0.03345 = 0.9453 L=2m r_:
Noting that 90% of the total radiation is transmitted through -‘
the window, 2

E ansmis = 0.90ME, (T) B

= (0.90)(0.9453)(2.567x10° kW) = 2.184x10> KW —
(b) For a blackbody source at 1000 K, the total blackbody emissive power is
E,(T)=0T*4, =(5.67x107° W/m? K*)(1000K)* (4 m?) = 226.8 kW
The fraction of radiation in the visible range of 0.3 to 3.0 um is
4T =(0.30 £m)(1000K) = 300 gmK ——> f; = 0.0000
AT = (3.0 £m)(1000K) = 3000 pmK ——> f;  =0.273232
Af =fy, —f; =0273232-0

and
E ansmit = 0-90A7E, (T') = (0.90)(0.273232)(226.8 kW) = 55.8 kW
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15-12

15-33 The variation of emissivity of a surface at a specified temperature with wavelength is given. The

average emissivity of the surface and its emissive power are to be determined.

Analysis The average emissivity of the surface can be
determined from

&L
A Ay ©
s j E, (T)dA & J.Ebl (TydA & IE;,Z (T)dA
pi 2
&(T)=—2 +— +—=
ofT* oT* oT* 07T
=& oy T2 00, TE3S 00 04
=&1fy ter,(fo, — ) Tes(= 1) 03 |
where f; andf; are blackbody radiation functions

corresponding to 4,7 and 1,7 , determined from

AT = (2 pm)(1000K) = 2000 gmK ——> £, =0.066728
2,T = (6 pm)(1000K) = 6000 K ——> £, =0.737818

Joa, =Su—Jo =1, since fo =0andf, ., = f, —f, since f, =1.

and,

& = (0.4)0.066728 + (0.7)(0.737818 — 0.066728) + (0.3)(1— 0.737818) = 0.575

Then the emissive power of the surface becomes

E=¢oT* =0.575(5.67x10"° W/m? K*)(1000K)* =32.6 kW/m?
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15-20

15-50 A cylindrical enclosure is considered. The view factor from the side surface of this cylindrical
enclosure to its base surface is to be determined.

Assumptions The surfaces are diffuse emitters and reflectors.

Analysis We designate the surfaces as follows:

Base surface by (1), /\

top surface by (2), and ¥(2)1/
side surface by (3).
Then from Fig. 15-7
L_41_, 3) L=2D=4r
n A
Fiy = Fy, =0.05 i )
D" _gps A
L 4r D=2r

summation rule: F}; + Fj, + Fj3 =1

. . A4, 7z7"12 727”12 1
reciprocity rule : 4, Fi3 = A3 Fy) —— Fy =— Fj3 =——F3 =——F|3; =—(0.95) =0.119
A, 27 L 8y 8
Discussion This problem can be solved more accurately by using the view factor relation from Table 15-3
to be

T T
=4 =-1=025

L 4rn
Ry=2-"2 025

L 4r,

1+R? 252
S=1+ 22 :1+1+0225 =18
R; 0.25
R ) 0.5 { 2 0.5
F,=148- 52—4(R—2J =1 18{182—4(Ij } =0.056
1

Fj; =1-F}, =1-0.056 = 0.944
2

A 2
A3 2727’1L 8727"12 8
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15-24

15-57 The view factors between the rectangular surfaces shown in the figure are to be determined.
Assumptions The surfaces are diffuse emitters and reflectors.
Analysis We designate the different surfaces as follows: 3m

shaded part of perpendicular surface by (1),

bottom part of perpendicular surface by (3), Im @

shaded part of horizontal surface by (2), and

front part of horizontal surface by (4). 1m 3)

(a) From Fig.15-6
L 1 L, 2 I'm @
Z 13 Fy =025 and Z 13 Fy s =032 I'm &)
w3 w3

superposition rule: Fy_, .3y = Fyy + Fops ——> Fy = I, 1,3y — F53 =0.32-0.25=0.07

reciprocity I'ule: Al = A2 E— A1F12 = A2F21 —)FIZ = F21 = 0.07
(b) From Fig.15-6,
L, 1 L 2 L, 2 L 2

W :E and WZE}F(AH'Z)_)?’ =0.15 and WZE and WZE}F(4+2)_)(1+3) =0.22

superposition rule: Fiy,o) yq43) = Flarayt + Fura)ss — > Flaa) =0.22-0.15=0.07

reciprocity rule: A, Fai)1 = A1F1 442
3m

4 6
(4+2)
—>Fuy = Fay 1 = 3 (0.07)=0.14

superposition rule: Fy_, 4.5 = Fi4 + Fj,

3

— F, =0.14-0.07=0.07 I m
since F}, =0.07 (from part a). Note that F, in part (b) is &
equivalent to F}, in part (a). 1m 2)

(c) We designate
shaded part of top surface by (1),
remaining part of top surface by (3),
remaining part of bottom surface by (4), and 2 m
shaded part of bottom surface by (2). ) I m
From Fig 15-5, B =
Ly
D
L,

~

2
D
1

D

superposition rule: F| 2+4)—>(1+3) = F(2+4)—>1 +F (2+4)>3 ()
Im ™.

I'm @

symmetryrule: Fio, 4,1 = Fo14)53

Substituting symmetry rule gives

F 0.20
(2+4>+3) 0.
Fovays1 =Fouay s = > = " 0.10

reciprocity rule: 4\ Fy 5.4y = Aa1ayF214y51 —>(2)F 15014y = (4)(0.10) —— F) 5,4, =0.20

superposition rule:  Fy_, 5,4y = Fjp +F, —>0.20=F}, +0.12—— F}, =0.20-0.12=0.08
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15-37

15-77 A furnace shaped like a long equilateral-triangular duct is considered. The temperature of the base
surface is to be determined.

Assumptions 1 Steady operating conditions exist 2 The surfaces are opaque, diffuse, and gray. 3
Convection heat transfer is not considered. 4 End effects are neglected.

Properties The emissivities of surfaces are given to be
g =0.8and e, =0.5.

Analysis This geometry can be treated as a two surface
enclosure since two surfaces have identical properties.
We consider base surface to be surface 1 and other two
surface to be surface 2. Then the view factor between
the two becomes F}, =1. The temperature of the base

surface is determined from

Q _ O'(Tl4_T24)

12 1—£1+ 1 l1-¢,
digy AFy  Aye

-8 2 14 4 4

s00 w - (3:67x10°° Wim? -KHI(T})* ~(500K)']

1-0.8 1 1-0.5
2 + 2 + 2
Am2)(0.8) (Im2)1) (2m?)0.5)
T, =543K

Note that 4, =1m?* and 4, =2m?.
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15-40

15-79 The floor and the ceiling of a cubical furnace are maintained at uniform temperatures. The net rate of

radiation heat transfer between the floor and the ceiling is to be determined.

Assumptions 1 Steady operating conditions exist 2 The surfaces are opaque, diffuse, and gray. 3

Convection heat transfer is not considered.

Properties The emissivities of all surfaces are € = 1 since they are black or reradiating.

Analysis We consider the ceiling to be surface 1, the floor to be surface 2 and the side surfaces to be
surface 3. The furnace can be considered to be three-surface enclosure. We assume that steady-state
conditions exist. Since the side surfaces are reradiating, there is no heat transfer through them, and the
entire heat lost by the ceiling must be gained by the floor. The view factor from the ceiling to the floor of
the furnace is F}, =0.2. Then the rate of heat loss from the ceiling can be determined from

Ey —Ey
=l
&)
7+7
R, Rz +Ry;

E, =0T, =(5.67x107 W/m? K*)(1100K)* =83,015 W/m?
E,, =oT," =(5.67x107 W/m? K*)(550K)* = 5188 W/m?

le

where

and
2 2
A = A, =(4m)? =16 m
Ry, = L i =0.3125m™
A F  (16m~)(0.2)
Rz =Ry = : = 1 =0.078125m™>
A F;; (16m?%)(0.8)
Substituting,
. (83,015—5188) W/m?
O =

1 1
+
(0.3125 m?  2(0.078125m™)

a=4m

T:=1100 K
81:1

Reradiating side

—=7.47x10° W =747kW

surfacess
T,=550K
&= 1
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15-53

15-96 The temperature of air in a duct is measured by a
thermocouple. The radiation effect on the temperature
measurement is to be quantified, and the actual air
temperature is to be determined.

Assumptions The surfaces are opaque, diffuse, and
gray.

Properties The emissivity of thermocouple is given
to be £=0.6. Air. T s Thermocouple
It Ly N Tu=850K

T, =500 K £=0.6

Analysis The actual temperature of the air can be
determined from

4 4
eqo(Ty -T,)

T, =Ty + P L
_gsoi 4 (0:0)(5.67x107" Wim? - K*)[(850K)* —(500K)"]
60 W/m? -°C
~1111K
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15-64

15-107 A cylindrical furnace with specified top and bottom surface temperatures and specified heat
transfer rate at the bottom surface is considered. The emissivity of the top surface and the net rates of heat
transfer between the top and the bottom surfaces, and between the bottom and the side surfaces are to be
determined.

Assumptions 1 Steady operating conditions exist 2 The surfaces are opaque, diffuse, and gray. 3
Convection heat transfer is not considered.

Properties The emissivity of the bottom surface is 0.90.

3m

Analysis We consider the top surface to be surface 1, the base surface to T —700K
be surface 2, and the side surface to be surface 3. This system is a three- o
surface enclosure. The view factor from the base to the top surface of the &L=
cube is from Fig. 15-5 F}, = 0.2 . The view factor from the base or the top
to the side surfaces is determined by applying the summation rule to be T;=450K

=1

Fi+Fy+Fy=1—Fs=1-F,=1-02=08 &
since the base surface is flat and thus F}; = 0. Other view factors are
€ =10.90

We now apply Eq. 9-35 to each surface

l1-¢
0T14:J1+ - I[FIZ(JI_J2)+F13(J1_J3)]
Surface 1: : !
(5.67x1078 W/m2K*) (700 K)* = J, +—21[0.20(J, —J,)+0.80(J, - J3)]
1
4 1-¢,
ol, =J,+ [le(Jz_J1)+F23(J2_J3)]
Surface 2: 2
(5.67x107 W/m? K*)(950K)* = J, + 1;(;'30 [0.20(J, —J,)+0.80(J, —J3)]
oy =J,
Surface 3:

(5.67x107° W/m? K*)(450K)* = J,

We now apply Eq. 9-34 to surface 2

0, = Ay [Fo1 (5 =) + Fa3 (5 = J3)]= Om™)[0.20(J, = J,) +0.80(J , — J3)]
Solving the above four equations, we find

£ =044, J, =11736 Wm?, J, =41,985W/m?, J, =2325W/m?
The rate of heat transfer between the bottom and the top surface is

4, =4, =(3m)* =9m?

0, = A, F,y (J, —J;) =(9m?)(0.20)(41,985 —11,736) W/m? = 54.4 kKW
The rate of heat transfer between the bottom and the side surface is

Ay =44, =49m?)=36m?

03 = Ay Fpy(J, — J3) = (9 m?)(0.8)(41,985 — 2325)W/m?* =285.6 kW

Discussion The sum of these two heat transfer rates are 54.4 + 285.6 = 340 kW, which is equal to 340 kW
heat supply rate from surface 2.
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15-65

15-108 Radiation heat transfer occurs between two square parallel plates. The view factors, the rate of
radiation heat transfer and the temperature of a third plate to be inserted are to be determined.

Assumptions 1 Steady operating conditions exist 2 The surfaces are opaque, diffuse, and gray. 3
Convection heat transfer is not considered.

Properties The emissivities of plate a, b, and ¢ are given to be g, = 0.8, &, = 0.4, and g, = 0.1, respectively.
Analysis (a) The view factor from surface a to surface b is determined as follows

a20053b60

— 1.5

>

L 40 L 40
ab:ﬂ{[(B+A)2+4]' —[(B—A)2+4]°‘5} 2(; ){[(15+05) +4]” [(1.5—0.5)2+4]°‘5}=o.592

F
The view factor from surface b to surface a is
determined from reciprocity relation: E v
A, =(0.2m)(0.2m) =0.04 m? :
A, =(0.6m)(0.6 m) =0.36 m? b
A F oy = ApFy,
(0.04)(0.592) = (0.36)F,, ——> F,,, =0.0658

(b) The net rate of radiation heat transfer between the surfaces can be determined from

0., = G(Ta4 —Tb4) _ (5.67x107° W/m® -K4)[(1073 K)* - (473 K)4] 1374w
l1-¢g, 1 I-¢, 1-0.8 N 1 N 1-0.4

+ +
Age, A Fy  Aye,  (0.04m?)(0.8) (0.04m?)(0.592) (0.36m?)(0.4)

(c) In this case we have

_a_ 02m 1L C= < _ 20m _10
L 02m L 02m

F =ﬂ{[(C+A)2 +a]” “[c-a +4]°‘5}=2(0L.5){[(10+0.5)2 +4]” “[10-0.5)2 +4]°'5}=0.981

ac

_b_06m 4 _c_20m_
"L 02m L 02m

F,, :—{[(C+B)2 +a]” “[c-By +4]°’5}

35 {[(10+3) +a]” ~[10-3)2 +4]°'5} ~0.979
Abec = Achb
(0.36)(0.979) = (4.0)F,, —— F,, = 0.0881

An energy balance gives

Qac :ch
o-(Ta4 —Tf) ~ o-(TC4 —T,,4)
l-¢, 1 l-¢, l-¢, 1 1-¢,
+ + + +
Aa‘ga AaFac Acgc Acgc Achb Abgb
(1073K)* -T.* ~ T.' —(473K)*
1-0.8 1 1-0.1 1-0.1 1 N 1-0.4

+ + +
(0.04m?)(0.8) (0.04m?)(0.981) (4m?)0.1) (4m?)0.1) (4m?)(0.0881) (0.36m?)(0.4)
Solving the equation with an equation solver such as EES, we obtain 7.= 754 K = 481°C
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