PROBLEM 3.85

KNOWN: Dimensions and properties of a composite wall exposed to convective or insulated
conditions.

FIND: (a) Maximum wall temperature for left face insulated and right face convectively cooled,
(b) Sketch the steady-state temperature distribution of part (a), (c) Sketch the steady-state
temperature distribution with reversed boundary conditions.

L, =20 mm
Lg =13 mm
T,=20°C L =20 mm
® © h=10W/m?K  k, =0.24 WimeK
l— LA—>|4— |_B—>|<— LC—>|

kg = 0.13 W/meK
TS
ke = 0.50 W/meK

SCHEMATIC:

— x

Case 1: g, = 5000 W/m3; gz = qc = 0
Case 2: (, = Qg = 0; g = 5000 W/m3

ASSUMPTIONS: (1) Steady-state conditions, (2) One-dimensional heat transfer, (3) Uniform

volumetric energy generation.

ANALYSIS:
(@) The heat flux through materials B and C is constant and is

q" =da(La) = 5000 W/m® x 0.02 m = 100 W/m?

The thermal resistance network that spans from x = L, to the coolant is

R{',c R{',cond,B R{',c R{',cond,C R{',conv
q — o—/\/—o—\/\—o—/\/—o—\/\—o—/\/—o T,
! [ Ts
T,(xX=L,)

To(x=L,+Lg)
Tg (x=1L,)

Te(X=Lp+Lg)
The thermal resistances are:
R =0.01m* - K/w

, _Llg__0018m _ . m’K
teondB ke T 013 W/m-K W

) _Le 0.020 m m?-K
teondC T k. T 050 W/m-K W
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) 1 1 m? . K
Riconv = P v 0.1

Thetotal thermal resistanceis

m? . K
Rl = (0.01+ 0.1+ 0,01 +0.04+0.1) = 0.26

Therefore,

m? - K

Ta(x=La) = q"(R ) + T,. =100 W/m? x 0.26 +20°C = 46°C

The maximum temperature occurs at x = 0 and may be evaluated by using Eq. 3.48 asfollows

. 2 3 5
To(x=0) = T, (x=L,) + Aala _ 16°C + 5000 W/m? x (0.02 m)
2Kp 2x 0.24 W/m-K

TA(X=0) = Trnax = 50.2°C <

(b) To sketch the temperature distribution, we begin by evaluating the temperatures shown in the
thermal resistance network. Working from the coolant side,

Ts = T, +"(Rcony) = 20°C + 100 W/m? x 0.1 m* - K/W = 30°C
Te(Xx=La+Lg) =Tg +q"(R{congc) = 30°C + 100 W/m? x 0.04 m* - K/W = 34°C

m?-K

Te(X=La+Lg) =Te(x=La+Lg) +q'(R]c) = 34°C + 100 W/m? x 0.01 =35°C

Ta(Xx=La) =Tg(x =La+Lg) + q"(R{congp) = 35°C + 100 W/m* x 0.1 m? - K/W = 45°C
and from part (a), Ta(x = La) = 46°C. The temperature distribution is sketched below.

(c) For case 2, the heat flux in the range 0 <x <L, + Lg iszero. Hencetheboundary at x = LA +
Lg acts as an insulated surface for material C. Therefore, from Eq. 3.43,

2 3 2
T o =T.(x=L, +Lg) =T, + aLe —30°C + 5000 W/m= x (0.02m)

=32°C
2Ke 2x050W/m-K

The temperature distribution is sketched bel ow.
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Wall Temperature Distribution
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Case 2 temperature distribution.

COMMENTS: If the heat flux due to conduction in the x-direction is zero, the temperature
gradient, dT/dx, must be zero. Thisis adirect consequence of Fourier’s law, and holds under al
conditions.



