PROBLEM 3.75

KNOWN: Volumetric heat generation occurring within the cavity of a spherical shell of
prescribed dimensions. Convection conditions at outer surface.

FIND: Expression for steady-state temperature distribution in shell.
SCHEMATIC:

Heat generating
material, 9

Spherical shell, k

ASSUMPTIONS: (1) One-dimensional radial conduction, (2) Steady-state conditions, (3)
Constant properties, (4) Uniform generation within the shell cavity, (5) Negligible radiation.

ANALYSIS: For the prescribed conditions, the appropriate form of the heat equation is

£|:r2d_T} =0
dr dr
Integrate twice to obtain,
rzz—I =C, ad T= —%+c2. (1,2)

The boundary conditions may be obtained from energy balances at the inner and outer
surfaces. At the inner surface (r;),

£y = q(4/3n ri3) = deond, = —k(47r riz)dT/dr) o AT, =—a5 /3. 3)

At the outer surface (rg),
deond,o = —K47 & dT/dr) fo = Yconv = A7 5 I:T(ro)_Too]

dT/e], =~ (h/k) [T(r0)-Tws |- @)

From Egs. (1) and (3), C; = —Qri3/ 3k. From Egs. (1), (2) and (4)
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Hence, the temperature distribution is
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COMMENTS: Note that Eg =dcond,i = Ycond,0 = dconv -



