PROBLEM 3.160

KNOWN: Dimensions and materials of afinned (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: Theanaysis may be performed per unit length of cylinder or for a4 mm long
section. The following calculations are based on a unit length. The inner surface temperature

may be obtained from
0|'=TR_—T—Q| (27 17) =10 W/m? x 27 x 0.06 m = 37,700 W/m
tot

where Riot = Re + Rt ¢ + Riy + Requivi  Requiv =(1/Rf +1/Rp) ™
¢» Conduction resistance of cylinder wall:
R _ In(rn/x)  In(66/60)
©7 27k 2z(50W/m-K)
Rt ¢, Contact resistance:

=3.034x10~4 m-K/W

Rt e =R}/ 27 i =10~ m?.K/W/27 x 0.066 m = 2.411x10™% m-K/W
Ry, Conduction resistance of aluminum base:
In(rp/ rl) In(70/66)
27k 272x240 W/m-K
R}, Resistance of prime or unfinned surface:
R — 1 _ 1
hAb 100 Wim? K x0.5x 27 (0.07 m)

R}, = =3.902x107°> m-K/W

= 454.7x10"% m-K/W

Rf, Resistance of fins: The fin resistance may be determined from
Tph—Tw 1
o nrhAf
The fin efficiency may be obtained from Fig. 3.20,
foc =l +1/2=0.096m L;=L+t/2=0.026 m

Rf =
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PROBLEM 3.160 (Cont.)

Ap=Lct=52x10"m? ryc/n=145 L¥?(hkAp
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Fig. 3.20 —» nf ~ 0.88.
The total fin surface area per meter length

A} = 250[77 (roz - rg) x 2} — 250 m'l[Zn (0.0962 - 0.072)} m2 =6.78 m.

Hence R} = [0.88><100 W/m? K x6.78 m} =16.8x10"% m-K/W
1/ Requiy = (1/ 16.8x10% +1/ 454.7><10_4)W/m- K =617.2 W/m-K

Requiv =16.2x107% m-K/W.
Neglecting the contact resistance,
Riot =(3.034+0.390+16.2)10~ m-K/W =19.6x10™% m-K/W

Ti = qRigt + To = 37,700 W/mx19.6x10™ m-K/W+320 K =393.9 K

Ty =T, —-qR), =393.9 K —37,700 W/mx3.034x10"% m-K/W =382.5 K

N

Tp=T1 —-q'Rp =382.5 K -37,700 W/mx3.902x10™ m-K/W =381.0 K.
Including the contact resistance,

Riof = (19.6><10_4 1 2.411x 10‘4) m-K/W = 22.0x10~% m.K/W

T; =37,700 W/mx 22.0x10"% m-K/W+320 K = 402.9 K

Ty j =402.9 K —37,700 W/mx3.034x10 m-K/W = 3915 K

Ty o = 3915 K —37,700 W/mx 2.411x10°4 m-K/W =382.4 K

N N NN

Tp =382.4 K —37,700 W/mx 3.902><1O'5 m-K/W =380.9 K.
COMMENTS: (1) The effect of the contact resistance is small.

(2) The effect of including the aluminum fins may be determined by computing T; without the
fins. Inthiscase Rigt = Rg + Reony, Where
1 1

h2z 1 100 Wim? K 27(0.066 m)

Rhony = = 241.1x10"% m-K/W.

Hence, Ryt = 244.1x10~4 m-K/W, and
Ti = R}gt + Too = 37,700 W/mx 244.1x10™* m-K/W+320 K =1240 K.

Hence, the fins have a significant effect on reducing the cylinder temperature.

(3) The overadl surface efficiency is
no =1-(At /At)(1-n5 ) =1-6.78 m/7.00 m(1-0.88) = 0.884.

It follows that q'=nghgAt8 = 37,700 W/m, which agrees with the prescribed value.



