PROBLEM 8.92

KNOWN: Printed-circuit board (PCB) with uniform temperature T cooled by laminar, fully

developed flow in a parallel-plate channel. The air flow with an inlet temperature of Ty, j is driven by
a pressure difference, Ap.

FIND: The average heat removal rate per unit area, Qg (W/m2 ) from the PCB.

SCHEMATIC: PCB, Ts = 65°C, q Insulation
= =
Tm,=20°C B ‘
Ap =2 N/m2 Tm,o
V77 7.7 77

|—>x L =150 mm

ASSUMPTIONS: (1) Laminar, fully developed flow, (2) Upper and lower walls of the channel are
insulated and of infinite extent in the transverse direction, (3) PCB has uniform surface temperature,
(4) Constant properties, (5) Ideal gas with negligible viscous dissipation.

PROPERTIES: Table A-4, Air (T, =293 K, 1 atm): p=1.192 kg/mg, cp = 1007 J/kg-K, v = 1.531
x 10" m’fs, k = 0.0258 W/m-K, Pr = 0.709.

ANALYSIS: The energy equations for determining the heat rate from one surface of the board are
Egs. 8.34 and 8.41b

q=mcp (Tm,o—Tm,i)Zag Ag 1)
Te-T h
STIMO _ovn _Eh'—h )

where Ag = Lw and P = w, since heat transfer is only from one surface, where w is the width in the
transverse direction. For the fully developed flow condition, the velocity is estimated from the friction
pressure drop relation, Eq. 8.22a,

Ap=f(pur2n/2)(L/Dh) 3)
where the hydraulic diameter for the channel cross section is
4(wa
Dh:4AC: (wa) =2a a<<w
P 2(w+a)

The friction factor f from Table 8.1 for the cross section b/a = w0 is
f-Repp =96 (4)
where the Reynolds number is

Repp =Um Dp /v (%)
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and the flow rate through one channel is

m=pAcum=p(Wa)uny (6)
For fully developed laminar flow from Table 8.1.

Nup =hDjp /k=4.86 O

Substituting Egs. (4) and (5) into Eq. (3) and solving for up, yields

Uy, = ApDZ /48vpL = 2N/m? x (0.01m)? / 48x1.531x10°m? /s x1.192kg/ m® x 0.15m =1.52m /s
Re=u,,Dp/v=152m/sx0.01m/1.531x10°m? /s =994

Thus the flow is laminar, as assumed. From Egs. (6), (7), and (2), m/w = puma = 1.192kg/m*x 1.52
m/s x 0.005 m = 0.00907 kg/s:-m. h = Nupk/D,, = 4.86 x 0.0258 W/m:K/0.01m = 12.5 W/m2K. Tmo
= Te- (Ts— Tmi)exp(-Lh /(m Iw)c,) = 65°C - 45°Cexp(-0.15m x 12.5W/m?-K/0.00907kg/s-mx 1007
JIkg-K) = 28.4°C.

From Eq. (1)
q' =mcIo (Tmo —Tmi)=0.00907kg/m-sx1007J/kg - K x (28.4—20)°C = 76.5W/m <
W : :

q"=q"L=510W/m?

COMMENTS: (1) The thermophysical properties of the air are evaluated at the average mean
temperature, T m = (Tm,i + Tm,0)/2.
(2) The fully developed flow length, x¢qt, for the channel follows from Eq. 8.23,

Xfd,t = Dph x0.05Repp Pr

Xfq ¢ = 2x0.010 mx0.05x 7954x0.709 = 5.6 m

Since L << Xfq t, we conclude that the flow is not likely to be fully developed.



