PROBLEM 6.4

KNOWN: Distribution of local convection coefficient for obstructed parallel flow over aflat
plate.

FIND: Average heat transfer coefficient and ratio of averageto local at the trailing edge.
SCHEMATIC:

hy=07+13.6x-34x?

Teo, V

ANALYSIS: The average convection coefficient is

1 b 1 b 2

—[ hydx == (0.7 +13.6x —3.4x )dx
LIo X LIo

h = %(0.7L +6.8.2 —1.13|_3) =0.7 +6.8L -1.13L2

HL=

h, =0.7+6.8(3) -1.13(9) =10.9 W/m? K. <
Thelocal coefficient at x = 3mis

hL =0.7+13.6(3) -3.4(9) =10.9 W/m? [K.
Hence,

h_ /h_ =1.0. <

COMMENTS: Theresult h /h; =1.0 isuniqueto x = 3m and is a consequence of the
existence of amaximum for hy(x). The maximum occurs at x = 2m, where

(dny /) =0 and (d?h, /ax? <0



PROBLEM 6.40
KNOWN: Drag force and air flow conditions associated with aflat plate.
FIND: Rate of heat transfer from the plate.
SCHEMATIC:

Up =40 777/8 D /\

Tw :ZOOC —D 0.2711
prlatm

ASSUMPTIONS: (1) Chilton-Colburn analogy is applicable.

7=120°C

PROPERTIES: Table A-4, Air (70°C,1 atm): p = 1.018 kg/m", Cp = 1009 JkgIK, Pr = 0.70,
-6 2
v=2022x%x10 m/s.

ANALYSIS: Therate of heat transfer from the plateis
q= 2ﬁ(|_2) (Ts~Teo)

where h may be obtained from the Chilton-Colburn anal ogy,

!

—qp?3-_ N p2r3
P Ue Cp
L _1 (0.075N/2)/(0.2m)"

Jo u&, /12 21018 kg/m3 (40 m/s)2/2

—

H:

N|_O'
NI, N

=576 x10™4.

Hence,
-2/3

=l
I

C
7fp Uso Cp Pr

h=5.76x10"41.018kg/m” | 4omvs (10083kg ) (0.70) %3

h =30 W/m? [K.
The heat rateis
q= 2(30 W/m? EIK) (0.2m)* (120-20)°C

q=240W. <

COMMENTS: Although the flow islaminar over the entire surface (Re;. = ueL/v =40 m/s

x 0.2m/20.22 x 10'6m2/s =4.0x 105), the pressure gradient is zero and the Chilton-Colburn
analogy is applicable to average, aswell aslocal, surface conditions. Note that the only
contribution to the drag force is made by the surface shear stress.
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