Forced Convection
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6.26 Forced air at T, = 25°C and V = 10 m/s is used to codl
electronic elements on a circuit board. One such sié
ment is a chip, 4 mm by 4 mm, located 120 mm from
the leading edge of the board. Experiments hae
revealed that flow over the board is disturbed by e
elements and that convection heat transfer is cormelaied
by an expression of the form

Nu, = 0.04Re2* py'™
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Estimate the surface temperature of the chip if it is dis

sipating 30 mW
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w In a particular application involving air flow over a heated surface. the boundary

. o (T-T,) ( U,y)
layer temperature distribution may be approximated as T T =1-exp| —Pr—=|
.~T,) v

where y is the distance normal to the surface and Pr=0.%. If T-=400K. T, = 300K

and U/v = 5000 m™", what is the surface heat flux? YmA Ny A
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Nu, = };—‘ ~0.453Re’*Pr'”  Laminar isoflux plate) ———( 1)

Turbulent (isoflux plate) ——'@
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The roof of a house consists of a 15 m » 20 m and 15 cm thick flat concrete slab

> T . R 5 5
(k= 2 W/mK). The convection heat transfer on the inner surface of the room is 5 ] s
¢ dian-

W/m~. On a clear winter night. the ambient air is reported to be at 19_"(‘. while the

night sky temperature is at 100K. Interior of the house and the internal surfaces of

the walls are maintained at a constant temperature of 20°C. The emissivity of both s
surfaces of the concrete roof is 0.9. Considering both radiation and convection

heat transfer. determine the rate of heat transfer through the roof. when the &
ambient air is blowing at 60 km/h blowing over the roof. #lg 4w [28 kW]

" 8mdy & » 4 4w 157 5
[Hint: q"iz = &(Toem -1t ), q"5c=3, Q"& = &(T¢ -Tay ), Q"= h (T-T=): mvolves unknown Ty, and T,
Two equations: q"yc -qQ"w2=q"c ~ Q"w =K't (T, TJ Hence solve for T, and T]
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