Chraplr- 13
Eramples

S (a): Lon'gdu(:t;_.

Detennme Fiy #nd F 5 Tor me followmg conﬁgurauons

using the reciprocity théotem and other basic shape fac-
tor rclauons Do notuse tables or charts. .

(b). _
hemisphere of area A, = 24,

s 7;_"_ Ag, hemrsphere..

3 *giametar I
i ._A disk; " .
T dsameter Df 2

. -_(f)

(h)

Small sphere of area A, under & concentric

(o)~ Spheclyingon infinitnplane.

“(d) Long 1nci.1ncd plates (pomt Bis dlrectly above

the center of Al)

e ’

T Lw




2) B - Consider. the following grooves, each of width W, that

- have been machined from a ‘sokid block of material.

- Semicircula " Recta lgula' groave
.

{a} For each case obtain an expressmn for the view

~factor of the ‘groove with respect to ‘the sur—'

_ toumdings outsxde the groove

(b) For the V groove obtam an cxpressmn fc-)r. thc-
“view factor Fig, Where AI and A2 are opposne

surfaces

(c) If H= ZWm thc rccj:angular ‘grogve, what is. the

- A wew factor F;?

: 3) 0 ' - Determine the shape factor from th
N2 (vertical plane and non touching honzontal surface)

, base of & ¢l
ine the sha e factor from ihe
Determine P to base and the

Example
4) Also find. the shape factor from curved surface

mdef o the cur
curved surface t

e surface 1 10 surface 3 shown in Fig. .

0 Ltself

ved surface.
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A C.AVCL&,[_QtC-—LCe_.\’-]Q 1¢ 2‘9 m—fﬂ__slgameﬁer* )
s @—KCDSQ,.DLW cj e lf\EM1sthrLca ,,,,, e -
55 s LV\..__d/LQ 36(‘ I’? e - Jomg i

qr*;cmes “‘V‘D‘tﬂ RPN Y me;mqi@i—as b\ddé-
ﬁ:wche > _cuw.:ﬂ c:\re_ fmt___b ‘L nﬂl__m\ 5°C,

2N _ b Amezerl o measure the optxcél power of a Jaser beam
' " is constrocted with 2 thin-walled, black _conical <av-

T ity thatis-well insulated from its housmg The cavﬂ:y _

" ha¢ an-opening of D = 10 mm-and 2" de.pth of-L=
S 12 ramm. The maetér housing and- sm'roundmgs are'at a
Lo temperaturc of 25 O C N :

"R ASS 4 aser beam,

G W

i-—L 12mm—~{ .‘ ’

A ﬁne wire Lhermocouple artached to the surface indi-

cates a temperatire tise of 10.1°C when a laser beam is
incidént upon the meter. What is the optical (radzant)
flux of the laser beam, G, (W/mz}‘7

Example 1. Two paralle! plates 0.5 by 1.0 m are épacedro‘S m apart, és
- shown in figure. One plate is maintained at 1000 °C and the other at 500 °C.

B The emissivities of the plates are 0. 2 and 0.5, respectively. The plates are

located in a very large room, the walls of which are maintained at 27 °C. The
plates exchange heat with each other and with the room, but only the plate

surfaces facing each other are to be considered in the analyszs Fmd the net
transfer to each plate and to the roomt.




_Example 8 Two rectangles 50 by 50 cm are placed perpendicularly with a
‘common edge. One surface has T;=1000 K, £1=0.6, while the other surface.
is insulated and in radiant balance with a large surrounding room at 300°K.. -

. Determine the temperature of the msulated surface and the heat 1ost by the
surface at- 1000 K " T : : : '

R;_o'bmat_-SOOK 7 @ .
CTi=1000K . . e
o , Insulated. o _ h=E, .
(@) _ - (ba' '

o 'Example% The 30 cm d1arneter hermsphere n ﬁgure is marntc med ata

* constant temperature of 500 °C and insulated on its back side. The surfacef,
ermssrvrty is 0.4. The opening exchanges radiant energy wrth a large

| enclosure at 30 °C. Calculate the net radlant exchange

" isulated " . Enclosure -
hernisphere . at30°C

~ Example - Two veryflarge: parallel piianes-with emissivities 0.3 and 0.8
- exchange neat. Find the percentage reduction in heat teansfer when a
- polished-aluminum radiation shield (£=0.04) is placed between them.

i1 | . s
‘Example - Two concentric cylinders having diameters of 10.and 20 cm
have a length of20 cm. They afe at T;=1000 K, ¢;=0.8, e2=0.2"and are
" located in a large room at 300 K. The outer- eyhnder 18 in rad1ant balance
~ a) Calculate the shape factors
b) Calculate the temperature of the outer cyhnder and the total heat lost
' by the mner cylmder , ,



- contains combiustion gases:
e %omposmon of the cornbustion gases is detertni
" be 80 percent Na, 8 percent H,0, 7 percent

Nz -

' amole A cylindrical fumn ot
Example A thndncal.-fumacegWhose height and diameter-are’S m

at 1200 Kanda total pressure of 2 atnr, The
- 'O.- 3 neg ;Oy -'YOhlmetriC" énalysis» to
D?térrmne the effectl_ve emissix’zi’ty of the 'conibusﬁonpggj: : CO;._ 1.

2 | | T
Example _Re_coiéx—siderthe'-cylindxical firnace disc_:iissed inExém’ple 6. For
a wall temperature of 600K, Jetermine the absorgﬁvity of*the'combustic}n

gases and fhe rate of radiation heat qransfer from the corbustion gases O the

furnace walls.

H=5m




. D ) f;._ . De:ten-l:nu:m{F‘12 and Fay for-th
" using the recxprocﬂy theorem and other basic shape fac-

\ o1 relauons Do not use tables or charts

a) . ﬁéhg:dﬁét

ermsphere of arez A2 =24,

c—disk fa&'angemegit"

emtsphere‘ .
dtame’cer D

,A disk,.,
- dnameter Df2 )

ic cylinders

- (h) . Long concentric ¢

llowing. co'nﬁ&ui’éﬁéhé: B

Small sphcrf: of area’ A1 under a concen‘mc

(d) Long inclined platas (point B is d].tecﬂy above
o the ccnter of Al)

- 100 mm- A-* :
N =

oo e TR

. 200 mm—
-

' (©) - Sphere lying on infinite plane

| N
LT
':ic.t)




KNOWN: Various geometric shapes involving two areas Ay and Aj.

FIND: Shape factors, Fy and Fopp, for each configuration.

ASSUMPTIONS: Surfaces are diffuse.

ANALYSIS: The analysis is nof to make use of tables or charts. The approach involves use of the

reciprocity relation, Eq. 13.3, and summation rule, Eq. 13.4. Recognize that reciprocity applies to two

surfaces; summation applies to an enclosure. Certain shape factors will be identified by inspection.

Note L. is the length normal to page.

(a) Long duet (L):

; . . A
' A1 By reciprocity, Fyy = —I—Flz

Summation rule Fi+Fy+R5=1
But Fip = F13 by symmetry, hence F1p =0.50
o Al A
By reciprocity, Py =—=F, = x 0.5 =0.25.
Aqy 24
{c) Long duct {L.):
By inspection, Fp =10
A RL 2
AZ By reciprocity, Fyy = ——lFlz = x1.0 = — = 0.637
Ay TRL P
A, _
Summation rule, Fyp =1-F; =1-0.64 = 0.363.
{d) Long inclined plates (L);
3 Summation rule, Fq1+Fy+Fs=1
+ A A 11+H2 +H3
10cm A But Fy2 = F13 by symmetry, hence F |5 =0.50
4 ! By reciprocity E A1 F 201 0.5=0.707
’ 21=""Hp =——rex 0.5 =0.707.
le—20cm—> Ag ()L

{e) Sphere lying on infinite plane
'E/'A_?, Summation rule,

By inspection, Fo =1.0

2RL

Fii+Fpp+Fiz=1

AIO [Az But Fi3 = F13 by symmetry, hence Fi = 0.5
] A

By reciprocity,

Fy = —-Fj, — 0 since Ay — o0,

Ay

Continued ....

4
= x1.0=—=0424
Ay (374)-22RL 3w

<

A A

A

A

United States Copyright Act without the permission of the copyright owner is unloowful,

Excerpts from this work may be reproduced by instruetors for distribution on a not-for-profit basis for testing or instructional purposes enly fo students enrolled in
courses for which the textbook has been adopted. dny other reproduction or translation of this work beyond that permitted by Sections 167 or 108 of the 1976
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(f) Hemisphere over a disc of diameter D/2; find also Fy; and Fa3.
By inspection, F12 = 1.0 <
Summation rule for surface A is written as

By +F, +F3 =1. Hence, F3p =1.0.

By reciprocity, Fyy3 = i—;Fw
2 #z(D/2)* |, #D?
Fp3 = ﬁz 7 . ) /ﬂ; 1.0=0.375,
2 2

By reciprocity, F21=%F12= ﬂ%} /ﬁ;— x1.0=0.125. <

2
Summation rule for Ay, Fyp+Fp+Fsy=lor

By =1-F) —Fy3 =1-0.125-0.375 = 0.5. <

Note that by inspection you can deduce Faz2= 0.5

(g) Long open channel (L):
Summation rule for Aq

ke—2m—>
- A K =0
JTm ’&As 2 Fi+Ha+H3
VLA i
A1

but F13 = Fy3 by symmetry, hence F13 = 0.50. <
AI 2xL 4

By reciprocity, Fyy = —tFp =————=—x0.50=0.637.

IR N

COMMENTS: (1) Note that the summation rule is applied to an enclosure. To complete the
enclosure, it was necessary in several cases to define a third surface which was shown by dashed lines.

(2) Recognize that the sotutions follow a systematic procedure; in many instances it is possible to
. deduce a shape factor by inspection.

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes onty to students enrolled in
courses for which the textbook has been adopted. 4ny cther reproduction or translation of this work beyond thai permitted by Sections 107 or 1 08 of the 1976
United States Copyright Act without the permission of the copyright owner is unlawfid.
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) 2_> ) -7 - Consader the fo]lowmg grooves, gach of width W that
have becn machmed from a sohd block of malenal o

~Semicircular - -Reftangalar - - v grogve -
S groove T T groove L. 4 DTl

h cHse obtam an expressmn for the- view.
I of the ‘groove with, respect to the sur-'
I outSJde the groove. - '

e V. groove obtam an. expressmn for the-
eW.: factor F12 where A1 and A2 are opposne T

ASSUMPTIONS: (1) Diffuse surfaces, (2) Negligible end effects, “long grooves™.

ANALYSIS: (2) Consider a unit length of each groove and represent the surroundings by a
hypothetical surface {dashed line).

Semi-Circular Groove:

An W
By =1; Fip=—=F1=——~
2l =3B
Fp=2/7. <
Rectangular Groove!
Ay W
E =1 F, = —F =—x]
4(1,2,3) (L2.3)4 Ap+Ag+As 4123) i wan
F(1’2’3)4 =W/ (“,r + 2H) . <
V Groove:
Az W
52 025 = o, 02) " W W2
sind  siné
F(Lz)?, =s5iné.
Aj
(b) From Egs. 13.3 and 13.4, Fr=1-H3 —I—TF_@I.
From Symmetry, =1/2.
W I .
Hence, =]—————x— or Fih =1-sind. <
o B2 =y Ty sne 2 12
{c) From Fig, 13.4, with X/L = H/W =2 and Y/L — o2,
<

Fo = 0.62,




3) -+ Determine the shape factor from the surface 1 to surface 8 shown in Fig. . =
(vertical plane and non touching horizontal surface).

o soluohoen

SRS E"VZ}-E? A‘ﬁber&FPB
Hsino Chana .

U =
C+2) 3 s
X _ 2
~

L.

Ko~ £
L= % Z3=0.2
Z=|

(2xzr 238 (o eyd) = W) Tg + (2%2 ©02)

2=0 032
Note  Haot o ﬁrw\ Ba  cee AIE’?%S%E”\

2= = o032£%



e.
m the base of @ evlinder £o the curved surfac

: ine the shape factor fro 4 surface to itself.
‘4) Example h De;:;z:"nfrom curved surface to base and the curves s f
Also find the shape . - ’L— \

'G‘ —O,
TL—:. 0.

Solution: The diameter is 1 m and height is also 1 m. The base (1) is enclosed by the top (3)
and curved surface (2} (Fig. 13.22)

By +F ,=1 ‘C’DI?

F,_;canbe determined by using the chart for parallel disks. The ratio, diameter/distance vy
between planes = 1

The corresponding value of shape factor is 0.17. Base to curved srurface is _W T—Z V.
F,,=10-0.17=0.83 A] — = 4

Using reciprocity theorem

L

A=A, { A = Al ri

E%%ng%‘%n XM (217))%,’)@) 6\ 2 :
Fy 1= 02475 ¢ JO7§

Considering the curved surface, as concave surface will intercept some radiation from
the surface itself.

Byt Fy gt Fyy=1
As ¥, ,=F, , F, ,=1-2%0.2175=0.565

Concave gurfaces intercept part of radiation emitted by themselves. Here it intercepts
more than half of the radiation,

— — - - ,2@ é-_
2154 «%7}3 > e 027




- 4 oAL culaw‘ e m\éwm 25 ey sJfamekes

E
S enClose.o o) _6Cj e tﬁ@"mqs
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_ saomfoes  amouy - rffqgsper@xm__@.a ~blage
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S Kis: Wi, o - .vatare and diameters of a circular ice rink and a hemispherical dome.

FIND: Net rate of heat transfer to the ice due fo radiation exchange with the dome.

SCHEMATIC:

N ‘Domel '02335”"17; =15°C

_ EIce rink, 131:25177,7;:0"(: ______ —
ASSUMPTIONS: (1) Blackbody behavior for dome and ice. -
. ANALYSIS: From Eq. 13.14, g5 = AFq(Ji - J) where I, = o T} and Jj=o'T;". Therefore,
4 4
21 =A2F210"(T2 -T ) I
From reciprocity, Ay Fo1 = Ay Fp = (;TD% /4)1 - _—
A 2 o
5Fpp =(7/4)(25 m)“1=491m",
- - Hence -
- gp1 =491 m” (5.67 <1078 W /m? K“)[(zgg K)* - (273 Kﬂ -
g1 =3.69x10% W. <
- COMMENTS: If the air temperature, Tos, exceeds T, there will also be heat transfer by convection -
to the ice. The radiation and convection transfer to the ice determine the heat load which must be o

handled by the cooling system.
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W ‘.fLaéer"beam’, '
i Getwm®

L A_-ﬁnc—wifé thermocouple attached to the surface indi-
- ‘cafes a temperature rise of 10.1°C when & laser beam {5
- incident upon the meter. What is the opticat (radiant)
" flux of the laser beam, G, (Wim%)? T

KNOWN: Thin-walled, black conical cavity with opening D = 10 mm and depth of L = 12 mm that 1s
well insulated from its surroundings. Temperature of meter housing and surroundings s 25.0°C.

FIND: Optical (radiant) flux of taser beam, Ggo (W /m%, incident on the cavity when the fine-wire
thermocouple indicates a temperature rise of 10.1°C.

SCHEMATIC:

l <« o Laser beam

A o G, (Wim?)
___________ oo

SV AVl
' D =10 mm
fe— L=12mm -+

ASSUMPTIONS: (1) Cavity surface is black and perfectly insulated from its mounting material in
the meter, (2) Negligible convection heat transfer from the cavity surface, and (3) Surroundings are
large, isothermal.

ANALYSIS: Perform an energy balance o the walls of the cavity considering absorption of the laser
irradiation, absorption from the surroundings and emissien.

Eip —Eout =0

Ao Go+Ag Ggyr —Ao Ep (Tg)=0
where Ag =7 D4 represents the opening of the cavity. All of the radiation entering or leaving the
cavity passes through this hypothetical surface. Hence, we can treat the cavity as a black disk at Te.

Since Gy = B (Tou), and Ep =0 T with 6 =5.67 10 WK, the energy balance has the form

Gy +0(250+273) K* = o{250+101+273) K* =0

G, =638 W/m? <




—? Example 1. Two parallel plates 0.5 by 1.0 m are spaced 0.5 m apart, as
shown in figure. One plate is maintained at 1000 °C and the other at 500 °C.
The emissivities of the plates are 0.2 and 0.5, respectively. The plates arc
located in a very large room, the walls of which are maintained at 27 °C. The
plates exchange heat with each other and with the room, but only the plate
surfaces facing each other are to be considered in the analysis. Find the net
transfer to each plate and to the room.

T, = 1800°C

Eﬁ]=UTI4 J] ‘[2 Eb2= UT24
""" Room at 27°C
@ Do m
v 4
b T,=500°C Ey=oTs= 1,
() (b)

T\"\I@ = 2 ’Jr\nr‘ez.«ﬁbc% P(m&@m,"f‘i’\ﬁ "h,m& Qéﬁ"‘#ﬁ.} P "H’MZ

(oo, so the radiotion netossl s

iy
Omrmt A JRAAN
1-%
fg A!

‘/f:f‘om ’?*14@, ot @-i: e Pf‘cse[:s!e_m'.

r]—4?\::’:. loooc=1274 ¥ /'3;1 =A; = 0.5m"
T,= %ot = 333K C,-0.2
Ta = 13 = Jook %=



ey
%e@k)be' Q§ "Hq@ afes @‘g the ~ocom Ag s Very !af"‘@@/'ﬂne
zsistance (1-25)/2gA3 moqy be doker s 2ern ond we sblein

Ebﬂ';'gj&,(i-)’\@ 5!»*;::.;,.17& {:::acrﬁ’ef"‘ F{; ’*
Y =045 .40 A 4o _2.0
. o0& - o5

So  thot EQ_ z‘ﬁaﬁgg{@mm J:\r"ao e 'ﬁgai.a)
B 53 ot ’i“‘ %;2 — Qg%“!%
Y e 4T =05

The resestences v the netvoscb are colcoicked 05,

{-¢, = 4-01 _%0 =& - 1-05 2.0

T A ©0)6.5) A, ©.5)(65) |
R -V S Y Ik E S

A Fg (05)(0.:255) | Asfy  (05)0.245) |
1 { e ), FOP

AT (05)(0HS)
%L‘QE the resstonce (4*55)/53;%‘3 as fers, we hove the
netest 05 Shown To alcolode the heot flows ot eoch
sorfece we most deterine +he rediosides J; ond Ja .
The netwart is solued by sething the svm of +he heat
corrents e/}’}‘ef‘if'?ﬁ nedes J) ond Tz o 2ers!

rode Ty 1 Fo=T 4 D2-Tt 4 Beg =4 = O (2)
5.0 o8 2.94957%
nede DO Jy— D2 e “+ Ebz*“}jﬁ =0 (‘é)

F ol 2, C} 2,0
= q?ﬂhf: 1GF §F LW /mt
Ebl:Q-T;’; 20, 244 LW ot



,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fog= T = 0. 1582 Lt

Eﬂﬁéﬁf“’%’;ﬂ@ the veloes of Iy, By, onad ‘Es@& inhes %m‘ﬁ‘é@f“‘i l
(/Q“) ot {&7/ e hous Tus @.@uw;mﬁ ang dtusa onltrecens
J; end T2 et M be suleed sepoltecoosly Po e
To= 80 LS bw/m? T =45 054 bw/idit
The fotel hest lost by pote £ is
9,= Eog— T4 - 4485338463 = 14.425kw
(4wfg>/€4ﬁg g0
 Gnd dhe dedel hest lest by plde 2 s
o= Eop-T2 = 20201-15054 = 2,524 kw
(’i’fg,)/?fgﬁgv 2.0
The Heodtol hest receiJed b Fhe oot S
Gy= H—02 4 T~ TG
YaFig //,424—23 ' .
= 8345 -0.4592 4 16,05~ Oqﬁaz —-%L oggm "
2 }a3 2.3

Fron, an Ove roll — balonce @%@p@jﬁ@{m% e it haue

U= ar T

ke cmuse The red enermy lost &:»J betin )Qé;o-}@s N @Qo‘a}af‘lzexéz
E:J e remen. |
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Example gTwo rectangles 50 by 50 cm are placed perpendicularly with a
common edge. One surface has T1=1000 K, £;=0.6, while the other surface.
is insulated and in radiant balance with a large surrounding room at 300 K.

Determine the temperature of the insulated surface and the heat lost by the
surface at 1000 K.

Room at 300 K
N=1000K

Insuiated
(a) b}

i
|
|

The rodieheon ngdoant. s bepin in ?50('2— whe—t Surface
3 s dhe oo ond surface 218 the nsoloded su-face.
Mote Awet Ox= ’Ebg beouse the recm 79 icar'@a ahct
= @g}/ﬁgﬁg QPFDQCL)Q,S Zers . Becowe Sefoce 2 15 :rxsx.;)g-l-eﬁl
"+ hes 2ars hest trensfe~ ond Ugﬂr—Ebg_, T2 “flaets” in Hhae
Nedoork ond 15 dederamined fremm Hhe ovewll redignt Lmbaca.
Frgsmm ("Fi%uf“fa 13,6 the shope fodo~s ara :

Q\ wm D2 = %““ﬂ

Bec;oufxz ?‘;4'—{) an %:ZQ_—;@ e bemus
Fio+ Fg =40 ond Tiazh-0.0 20.8=Fzg
A=Ay =(0.51=0,45m"
The resistences ace
i-¢ - ob =267
A (06)005)
4 =1 = A =50
AFiq Arhy BN )

= 1 = 10,0
Aﬁ:r}' {0.25)(0:2)




N N T e L e e e e e In e e R RS s s s e e e e e e S Lt

(2
We olso hau@ /,_2)

By, = (5 669x 157) looo)'= 5,469 x 40" wya
T = Foy= (5069087 ) @on) = 152.2 Wik
TLEE @Um“ ei,;‘m,ﬁ“‘g" IS o .BEF}E.S—P@N:H@} Qfm/gaf‘”@ﬂ”%' @r‘\cs 'Hfb&

an

q= S6630 —L45L - F.213 LW
6. 533
T]’?ié i’\cac»%‘ ’E‘fané%@f‘ PN @Em be  waridteem

= b 94
{,'(’i{\:}/tg‘f,ig

lqgg,-—iiz-:j e volues pue obtein

Jy= Q4 HE WL __:

The Ja loe @Q[ To 8 cedorrined froan pm}:mm—%«;gﬂg»@ e rasgsghﬁ-‘%
ces betioee~ Ty onad T ; Sp theth

=2 = T3~ T3
2o Lot

&d ,
(’fif;/’}g’i@ ’;f:m ’:‘*@Q%
?‘:Jf\.@“:u WP Ol Fhe +2m§)ef‘m’fg‘w"&- C‘}{» »%L;.g: fﬁﬁ&;l@% 5uf‘*gﬁ®€& @b

T, = é_?_fﬁ_iém_ﬂ_y&f 52a.4 K
5.062x15
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Example% The 30 cm diameter hemisphere in figure is maintained at a
constant temperature of 500 °C and insulated on its back side. The surface
emissivity is 0.4. The opening exchanges radiant energy with a large
enclosure at 30 °C. Calculate the net radiant exchange.

| ©) ,

Insulated L_J@_‘: Enclosure

hemisphere | at 30°C :

This obz et s Sorravaded by & lor
A =Ye 3’&‘%“ mp Ly et @Q %

e~clasore. bt Hhe iasicle svfece of the ﬁﬁgﬁﬁﬂa s not
oavex. In Ahe ﬁiawﬂ we toke the nside of %%z sphe—e
03 Surfemce { cnd the eclosure os sorfoce 2. W Ol craatbe.
S0 imaginey Sorfoce 2 overing. 4'%2. Opening . We ectuell,
have o Frns — Surfoace Fmblém (sw—ﬁmﬁa 1 emc&'f),
o= 0T T(333) =202 1 Wi
Eo, = U0 T(88) = (95 Wit
A, = 2T =(2) T (05) = O G nt
I-¢4 - 0.6 = 40.64
AL (o) (o4
Al——%o&
S Ahst
48 0
£ AL
Mow, ot Hhs peirt e fecsmnize Hof of of the mdiatian

)wuéf@ serface 1 which Ll ewrtually @crive ot cviosg-
Z Lolt sles bt the lmegimery Surfece § (e, Tz =Fig) Ue
e (Eemanize ot

AEF@;ég?g{



Bt = AD e dhet &/75
ﬁ&: a‘,z:: Az — Tict ~05 )

Ay 27

Then ’{Agng— 1 fé’ou{iﬁ&)(@«%\ﬁﬂ‘%%ﬁ& end We cen <oloulede

the heat treosfen'

(4»2;%?& + f;f{,ﬁ%?ﬁ%-{%?a}fglgl

10,64 +Hy. 14 +0
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Example . Two very larg

¢ parallel planes with emissivities 0.3 and 0.8
exchange he

at. Find the percentage reduction in heat transfer when a
polished-aluminum radiation shield (£=0.04) is placed between them,

TL\@, Hw%’ "%‘r‘“@mﬁﬂ@ef“ UJ??LL%QU‘P‘ 'H”e shield ® 3:5% éa‘j
g = TOMTY) 02930 (T-T;
A ﬁ/gé -+ %f%g_ -4

/TL')& f@&‘ea"ﬂh@’“\ Nefodss ~ _Pmr"* *]UVL@ mxﬁgw '

M %jﬁ , i
~ "y
,,,,, B, R Fem T o yord et
s % — -¢¢ —_— ©
et j—:éﬂ;ﬂl—ﬂr .;-:f 3 —%_3——_ g(} ’3 2 f&.

'{f'gl - ’f/-Oaé :2,.\/533

Z\ 0.3

{-43 _ 4-004 —724.0
fa OO0,

’("67, :j:_O.ﬁ *:.Q‘Q'i;
23 0.5

The Hotal resisience Wit Hhe shield s
2,238+ (2)(24.0)+Q)(4) + 0,25 = 52,563
ond “the hest Fronsfe~ i
q - TELT)) - o 04202T(T T
A 52583

Sos ,_,[_\,@.}. '3'-1'@ S "f“t”‘.@ﬁgagep s reddocod (:;47 3gﬂ Pe,f‘f@‘?f;‘
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Example  Two concentric cylinders having diameters of 10 and 20 cm
have a length of 20 cm. They are at T;=1000 K, £1=0.8, £9=0.2 and are
Jocated in a large room at 300 K. The outer cylinder is in radiant balance.
a) Calculate the shape factors
b) Calculate the temperature of the outer cylinder and the total heat lost
by the inner cylinder.

Ql’) e use fH’kz (\oﬁ)@/\c\g’i‘um Q,g {:59(«2.5 P Gna 0@5;8@4-&
the open ends o5 Surfeces 3 ond L
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0.8 L e
0.7
\ <
0.6 “q
™~ z %
8 05
< N2 N
04
0.3 ] i \.\‘_
. _‘T\\ \
Sl \-
B 0.2 [ \O'::'____ \\\\
0 ]
0.1 25 _._\ \\
e B S

0
0 0.1 02 03 04 05 06 0.7 08 09 10
ryiry

{a)
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=27

¢ 0.2 0.4 0.6 0.8 1.0

We Wave L-/Qw;ﬁ@/;gof;j.@ and /3209 so fren this
,F;aure we. olihain
Fri= Odze T, =0.48286
Us:na +he r“@m-yr‘,@c-:%;j mlwé‘@”‘z we heve
Az AaTp ord Bp=(dadd)5g= Dosie)o udlo) 0,253
Fo Surfeca 2wz have |
@,M’ F;Q%-Egef- Eg.g,i':%()
Fromn ﬁmmgr%;j Fog = Fayy = %{{,ﬂé},q%i};%»Osgﬁgé.}':“@,{ﬁ%i?
U:smsi) {zaipﬁsg_g%gj d@a?ﬂ"‘}f
A @3 = Az%i

ond
FSLZ = T (2) (o) 0.429¢ = ©. 6304
Tt 1 ) /4
We obserye that Fy=fag= FucO and fonr Serfoce 8
Tt gt Ry =t
S, S,F )%4 can be g)é-,.—?@fmiﬂﬁ’gg, e con cokolete the desirea
quantity %u- (Y Sorfocs 4




ﬁl-’(“' ‘Fﬂ‘f ra!,g;’“—'{o
and $mm %gmma'ffg ;‘ig; %L\ s Hhot
Fam (4 1—-90.9264) =g,

U@;q@ @@ngi%é 3%@@&3
Aﬂﬁg ~ A:}?@‘i
Fay= Tlelle)  0.0%7L =023

T(8-430/,

The 4,
Ta + %29 4 @L{,{Q
Ty, = 4-0.233 — 0,620 =0.09632

b) (ﬂwe Moo 10 3@@32@/\048.& @5 Suw.ﬁﬁc@. g & nch Jg = Eigg 5

becouse The fosen i3 very lorge (e, its surface esisdance is
very sme Vola Ahis Fn;lc,»lem Loe rust Camside~ dhe nsde mecd
cutside @fr sorface 2 ond Hius hove Sobscriphs | encl o 4o
a%é‘am%@ +he F@Sﬁﬁﬁ‘%ﬂuﬁ quc#n"f‘?’i"rES'TL@ shape %g-ﬁ;rﬁ Cen ke

Ob‘l‘cai/)c,;gi 'FFDM (Q\},
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Alse,
A = T (oA (0.2) = 0.062F8m>
Ay e T(020){(0.2) = 02966~
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AQE&% A Fig
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Loe So~v THe corre~ts inhe aodch nesale o set

Yher éi@fua! Fo 2ero!

code T 0 Bur D 4 Em-T1 4 T—Td 2O
£.29D 44 19.28
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15.2% Jo35 (2W54. 58
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heoe. "H’le SQéu"g’; o

Ti= ORI Wt
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Tre= S3G6 Wiat
The heat tronsler 5 then calclloted Krenn
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Example - A cylindrical furnace whose height and diameter are 5 mg
contains combustion gases at 1200 K and a total pressure of 2 atm: The
composition of the combustion gases is determined by volumetric analysis to
be 80 percent N, 8 percent H,0, 7 percent O,, and 5 percent CO..
Determine the effective emissivity of the combustion gases.

o T%a volomnete o an@\D5£§ Q,,F @ el JONTE T @ig_ﬁ,g the ~mola

UC(\QC,‘{"Imﬁ o b? the CormPene~ts | which ars ag?u'.umé@,ﬁ« +
pressura $m¢+icms for an ideal =3 m.‘x—)rum,TL)&—e.pg,Eﬁ.pw_
E_’)@:i“"g‘;@‘ Piretavres Q§ COz ond HO are
£ = e P = 0,052 gty = O, 40 0 dem
Fos = gpo P = 0.68 (Zoton)= 0. 46 ot
VI lozenr f@qSﬂL\ﬂ pmf’”" o »:Ejhna;i@f”‘ O7C @qk-’@( @l’?@ﬂmﬁ’i‘ﬁf‘
@ncl height fom rediotiam amitred 4o ol serfeces is , fron,
—
loble 5&.{4/
le=0.60D ={.65)5m)= I,
Tren,

The
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wHES

These sre +ha bose enidsivity Ve load ot {atrm, ond %H@ oo
+o be cortCected pw" P L 2 otra ot | Preé,gwpe EMQ;};,? .}Lg,tg}
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(Pw*@)/ﬂ = (Ot'{é"f‘i) /72— 4,08 atm , the pressore cofrecton
Loctsrs are, from Figure 1843 ana 1349,
Co=Ad ond cou=ilb
Bath COp ondt Hio are presest in the seme mixkere, and
wie need T2 corrpet Lo Fhe Nelo@ of ewvissian bends. |
The emnissioily carre ction Locks o T=T5 =10k s feom
f%”@ura M)&D,
folat Pule =095+ 457 = 955‘”25 A% = 0.0U8

R = _04db 0645
faefe  Ddb40do

% Hre &ﬁ:ﬁ:’ﬂw& EW DS iu?‘Fy of Hhe w@yﬂm [eses b pmeed ;
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Example ' Reconsider the cylindrical furnace discussed in Example 6. For

a wall temperature of 600 K, determine the absorptivity of the combustion

gases and the rate of radiation heat transfer from the combustion gases to the
furnace walls.

The a\#e.rmﬁe‘. @mfb@;gi—iw O‘F +he ammg;&é‘sad Fones e Hee
S@é *Wﬁﬁ'f@*’f‘u% O,F 75;: 260 K oms cetermmined im ez
Pﬁmgﬁéﬁs @,)(@mfﬁg,g to ke %m@.hg

for o scurce %mf.?ef@'{“ur‘a of Ts =600K, the @éSwﬁéaﬂH\;zb

&,g e 303 s gﬁam clede~rn rvzch u:s?qa ’H’Pa m:a&iuiﬁy Cha~45
2S

leJs = (0A5atm) (Gr) 600k — O 45m. atm
% {2oak

TDw Le ié._,, - (@Aé 0‘{*%) (Sm) bom K — O 2lm.edm
' Ts - 1D le

The evasuties ol (0 anad H0 -.,- o Alese uglues
ot o —}—@erro+u@ of Ts=bo0K and {atm are, Lram ?};ﬁuﬁ@,
1546 ond ’fg,’i'é;
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freceding @Xemple fo be Cordd and Co =4l , ond they b rek
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COy ond 10 beca me ois
Ay = & (%9 e potn = (4.4) (%%E_) (041)= 0. AD

T Oy S a s
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Alse Ax= Az , bot Fhe emissividy emirection factem s U=
be cwhoted fran Figure 1070 at Teh= ook insteed of
Tg=41ce K Thee © aa chart (or Gk in Hhe fisure, Lot
we an (el A€ Values of (00K and FOOK, and Hoke Hhein
averase At Pm/(?wfé-‘%,)e:g,é’f? ord Frle +Aile=258 e
feed Aez0.02% The Hhe obssrbdividy of 4be carbustan
Geses becomes

o A, + Ko™ Lo = 0,4940.4F-0.02F=0.6(
The sorfoce oree of the %Mndr;w% Susrfongm 15

As—= TDH + 2 3%&: T C5ud5m) + 2 TS, = 4B
L

Then Ave ned rude of rediction heat trensfe fram +he
combustion aeses 4o the calls o.ﬁ :Hne -fu/‘/)c:.m Lecames
Qna—f = A5T(%TQ“'“ ) '
—US )(3,63 1578 Wit 1 [o U5 z,amc.} oF fgq(émr\)}
= 2.99 x Io* w




