PROBLEM 3.146

KNOWN: Dimensions and materials of a finned (annular) cylinder wall. Heat flux and
ambient air conditions. Contact resistance.

FIND: Surface and interface temperatures (a) without and (b) with an interface contact

resistance.
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ASSUMPTIONS: (1) One-dimensional, steady-state conditions, {2) Constant properties, (3)
Uniform h over surfaces, (4) Negligible radiation.

ANALYSIS: The analysis may be performed per unit length of cylinder or for a 4 mm long
section. The following calculations are based on a unit length. The inner surface temperature
may be obtained from

o L HE I 5 ..., 0 :
q =—L—==q{(27 )= 107 W/m® %27 %0.06 m = 37,700 W/m
Riot
L} L} r r r r I r i ro |
where Rigp = Ri +Ric+ Ry +Roquiv:  Requiv = (I/RF +1/R})

Ri. Conduction resistance of cylinder wall:
R’ In(r /1) In (66/60)
¢ 27 k 27(50 W/im-K)

Ri .., Contact resistance:

=3.034x107% m-K/W

_ R, _4 s
Ric=Ric/ 27z =10 4 2 K/W/27x0.066 m=2.411x107% m- K/W
Ry, Conduction resistance of aluminum base:

_In(p/n) _ In(70/66) oo 1075 me kW
A 2rk 27x240 Wim-K '

Ri,. Resistance of prime or unfinned surface:
h oy : .

o ! .
Ry = ——— = 454.7x10°*

- - m-K/W
hAL 100 Wim= K x0.5% 27(0.07 m)

R, Resistance of fins: The fin resistance may be determined from
NI I
ar AT

The fin efficiency may be obtained from Fig. 3.19,
re = +t/2=0.09m L,=L+/2=0.026 m

Continued .....
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PROBLEM 3.146 (Cont.)
-~ ¥ - A [ v2
Ap=Let=32%107" m*  rein =145 LI7(WkAp = ().375

Fig. 3.19 — iy = .88,
The tatal fin surtace area per meter length

=
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At =250 .-T(!'J =1 ) % 2 |= 230 m'l| 3,-T[II.I}UW —1!.(]"?) tm‘ =678 m

Hence R} = | 0,88 < 100 Wi~ -K » 6.78 m

|
= 6.8 10 4 m - KW

L/ R bqupe = ['1 68107 = 1/454.7 210 4]w:-'m- K=617.2 Win-K

, s C—
ch‘uw 16210 7 m-K/'W.
leglecting the contact resistance,

Rig =(3.034+0.390+ lr..E]H)_J' m- KW = 1062107 m KW

T, =qRiy = Ty = 37700 Wim « 19,6 x ]H_'l m- W20 K = 3939 K <

'

Tp = T~ q'RY = 393.9 K — 37,700 Wim>3.034 < 107 m-K/MW =382.5 K <
Ty =T =q'Rjy= 3825 K —37.700 Wimx= 3902 x 107 me KW = 381.0 K.
Including the contact resistance
Riot _(l').{w.-.ll}'4-.u2.4] L 107 )i KW = 22,0010 e Kw
.y o I
Ty = 37.700 Wims 2201077 m K/WH320 K =402, K

T | = 4029 K -37.700 W/m « 3,034 Y me KW = 3915 K

T0 =33 K=37700 Wimx 2.41 | « 7 m-KW = 3824 K

A A A A

T = 3824 K = 37,700 Win > 3902107 m- K/W = 3809 K
COMMENTS: (1) The eftect of the contact resiatance 15 small

(2} The effect of includmg the aluminum fins may be determined by computing T, without the
fins. Inthis case Ry, = Ri + Riapy. where

) : = 2410107 m KoL
2z 100 wm=-K 27 (0.066 m)

R

conv

Hence, Ry — 2440100 * KW, and
T =qRiy + T, =37.700 Wim < 244.1 = 107 m- KiW+320 K = 1240 K.
Henee, the Fins have a significant effect on reducing the cvlinder temperature.

(3] The overall surface efficiency is

B = 1=(AF AN =gp ) = 1 =678 mT.00 m{ 1 - 0,88 = (L.884,

It follows that q=g,h AL, = 37,700 Wim, which agrees with the preseribed value.
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