PROBLEM 3.79
KNOWN: Wall of thermal conductivity k and thickness L with uniform generation q; strip heater
with uniform heat flux q{'); prescribed inside and outside air conditions (hj, Too,is ho, TOO’O).

FIND: (@) Sketch temperature distribution in wall if none of the heat generated within the wall islost
to the outside air, (b) Temperatures at the wall boundaries T(0) and T(L) for the prescribed condition,
(c) Valueof g required to maintain this condition, (d) Temperature of the outer surface, T(L), if

¢=0 but g corresponds to the value calculated in (c).

SCHEMATIC:
@ 2 Wall, 9=1000W/m?
Strip heater, 9:,' a k=4W/[m-K
Outside chamber s Inside chamber
S T i=50°C

aa Rl

ASSUMPTIONS:. (1) Steady-state conditions, (2) One-dimensional conduction, (3) Uniform
volumetric generation, (4) Constant properties.

ANALYSIS: (@) If none of the heat generated within the wall is T
lost to the outside of the chamber, the gradient at x = 0 must be zero. &)
Since ¢ isuniform, the temperature distribution is parabolic, with

Lix £:200mm TT Th,-ZOW/mzK

T(L) > T b
A

(b) Tofind temperatures at the boundaries of wall, begin with the 0
general solution to the appropriate form of the heat equation (Eq.3.40).

T(x)=—%x2+C1x+C2 1)

From the first boundary condition,
dT
dx | x=0

Two approaches are possible using different forms for the second boundary condition.

=0 - C=0. )

Approach No. 1: With boundary condition — T(0)=T;

T(x)=-— qu x24Ty ?)

Tofind T1, perform an overaII energy balance on the wall

‘h[T(L)‘TwJ]*qLZO T(L)=To =T + L= @

Continued ...



PROBLEM 3.79 (Cont.)
and from Eq. (3) withx =L and T(L) =Ty,

. . . o2
q,2 q,2 qL gL
T(L)=——2L"+T1p o T=To+——-L"=Tyuj+—+— 5,6
(L)=-% 1 1=Ta+ i o o (5.6)
Substituting numerical valuesinto Egs. (4) and (6), find
T, =50°C+1000 W/m? x 0.200 m/20 W/m? - K=50"C+10°C=60°"C <
Ty = 60°C+1000 W/m® x (0.200 m)? / 2x 4 W/m- K=65°C, <

Approach No. 2: Using the boundary condition
dT
e =[T(L) =T ]

dx
yields the following temperature distribution which can be evaluated at x = O,L for the required
temperatures,

-k

L
T(x)= —%(xz— L2)+%+Tw,i.

(c) Thevalueof g whenT(0) = T1 = 65°C
follows from the circuit
q = Tl_Too,o
°7 1/h,

g =5 W/m? K (65-25)° C=200 W/m?. <

(d) With g=0, the situation is represented
by the thermal circuit shown. Hence,

Oo = a +0b "
T, 24 T
4 OO0
- To0 11 Tos, Q. ko & Lk 1k

1/hg  Lik+/h

i
_”_.
" 9b

Qo =

which yields

Ty =55"C. <



