PROBLEM 3.80
KNOWN: Cylindrical and spherical shells with uniform heat generation and surface temperatures.
FIND: Radial distributions of temperature, heat flux and heat rate.

SCHEMATIC:
Cylindica shell Aperical Alvall

T-.- 2 -ﬁ_a-

ASSUMPTIONS: (1) . bne-di mensi_onal, steady-state conduction, (2) Uniform heat generation, (3)
Constant k.

ANALYSIS: (@) For the cylindrical shell, the appropriate form of the heat equationis

rdr\ dr k

The genera solutionis

q 2
T(r)=——r Inr+C
(r) K +CInr+Cy

Applying the boundary conditions, it follows that

T(rl):TS,1:—4—1r12+Cllnr1+Cz

T(I’z) :TS,Z =—%I’22+Cl|nl’2+(:2
which may be solved for
: 2 2
C1=[(q/4k)(f2 - )+(Ts,2 —Ts,1)}/'”(f2/f1)

Cp =Ts 2 +(0/4k)r5 —CyIny

Hence,

T(F)=Ts,2+(Q/4k)(r22_r2)+[(q/4k)(r22_r12)+(TS’2_Tsyl)J In(riry) <

With " = -k dT/dr, the heat flux distribution is

a K@(B-)+ (T Ta)|

"(r)=—r- <
T (") 2" rin(rp/r)
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PROBLEM 3.80 (Cont.)
Similarly, withg= " A(r) = q" (2rrL), the heat rate distribution is
2ﬁLk[(q/4k)(r22 - r12)+(TS,2 —Ts,l)J

In(rp/ry)

(b) For the spherical shell, the heat equation and general solution are

ig(rz d_Tj+g =0
p2dr dr) k

a(r) =7rLQr2 -

T(r) =—(¢/6k)r2 —Cyfr +Cy

Applying the boundary conditions, it follows that
: 2
T(n)=Ts1=-(0a/6k)r{ ~Cy/n +C
: 2
T(r2)=Ts2=-(a/6k)r5 —Cy/ra +C
Hence,

c1=[(a/66)( - ) +(Ts.2-Ter) | [ (WR) - ()]

Cp =Tg2+(/6k)rg + Cyiry
and

T(1)=Taa (@80 B[ (@160 - (T -Tog) [ D020
With " (r) = - k dT/dr, the heat flux distribution is

7 (r) - a,_ [(Q/G)(rzz —r12)+ k(T2 _Ts,l)J

1
3 (Vn)-(1r2) 2

and, with q = q”(4ﬂr2) the heat rate distribution is

s 4T [(q/6)(r22 - r12)+ k(Ts2 —Ts,l)}

3 (Yn)-(Yr2)

q(r)



