From Chapter 6 of Incropera- Dewitt (6" Edition)

6.3 In a particular application involving airflow over a heated
surface, the boundary layer temperature distribution may
be approximated as
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where y is the distance normal to the surface and the
Prandtl number, Pr = c u/k = 0.7, 1s a dimension-
less fluid propenty. If 7. = 400K, T, = 300K, and
i/ = 5000 m~", what is the surface heat flux?

6.7 Parallel flow of atmospheric air over a flat plate of
length L = 3 m is disrupted by an array of stationary
rods placed in the flow path over the plate,
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Laboratory measurements of the local convection coef-
ficient at the surface of the plate are made for a pre-
scribed value of V and 7, = T.. The resulis are
correlated by an expression of the form h, = 0.7 +
I3.6x = 3.4, where b, has units of W/im* - K and x is
in meters. Evaluate the average convection coefficient
h, for the entire plate and the ratio ki, /h, at the trailing
edge,

&14 Consider airflow over a flat plate of length L = | m under
conditions for which transition occurs at x, = 0.5 m based
on the critical Reynolds number, Re,, = 5 x 10°.

{a) Ewaluating the thermophysical properties of air at

350 K, determune the air velocity.

In the laminar and wrbulent regions, the local con-

vection coefficients are, respectively,
0.5

(b)

-02

My fxd = Cpp X and hp = Cupx

where, at T = 350 K, C,,, = 8.845 Wim™” - K,
Cpon = 4975 Wim'® + K, and x has units of m. Dev-
elop an expression for the average convection coeffi-
cient, h.(x), as a function of distance from the
leading edge, x, for the laminar region, 0 = ¥ = x.

(c) Develop an expression for the average convection
coefficient, h,(x), as a function of distance from
the leading edge, x, for the turbulent region, . =
=L

(d) On the same coordinates, plot the local and average
convection coefficients, h, and h,, respectively, as
afunctionof xfor0 = x = [

6.18

An object of imegular shape has a characteristic length
of L = 1 m and is maintained at a uniform surface tem-
perature of T, = 400 K. When placed in atmospheric air
at a temperature of T, = J00 K and moving with a
velocity of V = 100 m/s, the average heat flux from the
surface to the air is 20,000 W/m*. If a second object of
the same shape, but with a characteristic length of L =
5 m, is maintained at a surface temperature of T, = 400
K and is placed in atmospheric air at T, = 300 K, what
will the value of the average convection coefficient be
if the air velocity is V = 20 m/s?

6.21 Experimental results for heat transfer over a flat plate

6.26

v, T,

with an extremely rough surface were found to be cor-
related by an expression of the form

Nu, = 0.04R2° Pr1°

where Nu, is the local value of the Nusselt number at a
position x measured from the leading edge of the plate.
Obtain an expression for the ratio of the average heat
wransfer coefficient h, to the local coefficient k..

Forced airat 7, = 25°C and V = 10 m/s is used to
electronic elements on a circuit board. One such
ment is a chip, 4 mm by 4 mm, located 120 mm
the leading edge of the board. Experiments
revealed that flow over the board is disturbed by
elements and that convection heat transfer is correl
by an expression of the form

Nu, = 0.04R"™ pp'™
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Estimate the surface temperature of the chip if itis
sipauing 30 mW.



