
FREE CONVECTION – PHYSICAL CONSIDERATIONS 
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9.9 Combined Free and Forced Convection

2

L LGr  ~ Re

free

convection

combined  when

opposing flow assisting flow transversed flow

n n n

forced  freeNu Nu Nu= ±

n 3= n 7 2     plate=

n 4     cylinder, sphere=

+− +

Table 9.4, p.567

µ
ν

ρ
=

( )

1

4
xGr

x 5x
4

δ

−

 
≈ ⋅  

 

( )

bounday layer 

thickness 

xδ

Critical Rayleigh number

( )9-15

Volumetric

expansion

thermal

coefficient

velocity ( ) x

2
u =  f Gr

x

ν
η′ ( )9-13


