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7.2.5 Flat Plates with Constant Heat Flux Conditions

It is also possible to have a uniform surface heat flux, rather than a uniform temper-

ature, imposed at the plate. For laminar flow, it may be shown that [5]
Nu, = 0.453Re!? Pr® Pr=06 (7.45)
while for turbulent flow

Nu, = 0.0308Re! PP 0.6 = Pr=60 (7.46)

Chapter 7 » External Flow

Hence the Nusselt number is 36% and 4% larger than the constant surface temper-
ature result for laminar and turbulent flow, respectively. Correction for the effect
of an unheated starting length may be made by using Equations 7.45 and 7.46 with
Equations 7.42 and 7.43, respectively. If the heat flux is known, the convection
coefficient may be used to determine the local surface temperature

"

T = T+ = (7.47)
IIJ
Since the total heat rate is readily determined from the product of the uniform
flux and the surface area, ¢ = g.A,, it is not necessary to introduce an average con-
vection coefficient for the purpose of determining g. However, one may still wish to
determine an average surface temperature from an expression of the form

rL

) q. X
T =1 (1-ra=%[ X &
I=T)=T] ( )dx 1__’0 ¥Na,

where Nu, is obtained from the appropriate convection correlation. Substituting
from Equation 7.45, it follows that
&L
T-T)=
( ) kNu,

(7.48)

\ \
Nu L/ Nu,
y L x

dx (¥
Nu L'Je Nu,
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