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To deal with complex free-
convection problems, we 

desire to non-dimensionalize 
the equation of motion 

(EOM).

Dimensionless Groups in Free Convection

Our previous treatment (forced convection), 
assumed ρ=constant and an imposed vav

To adapt the EOM for free convection, we 
will follow the previous example (ρ=ρ(T),
vav=0).
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EXAMPLE I: Pressure-
driven flow of a 
Newtonian fluid in a 
tube:  •steady state

•well developed
•long tube
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z-component of the Navier-Stokes Equation:
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Choose:

D = characteristic length
V = characteristic velocity
D/V = characteristic time
ρρρρV2 = characteristic pressure
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This velocity is an 
imposed (forced) 
average velocity
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z-component of the 
nondimensional Navier-Stokes 
Equation:
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For more complex systems involving free convection, 
what are the appropriate dimensionless groups with 
which to correlate data?

V
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v z

z =*
for forced convection we used:

for free convection 0=v ; what V should we use?
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use a Reynolds-number type expression: 
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When non-dimensionalizing the Navier-Stokes, what 
do I use for ρ?
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here we use 
because the issue 

is volumetric
flow rate

ρ here we use ρ(Τ)
because the issue 
is driving the flow

by density differences
affected by gravity

as before, for 
pressure 
gradient we 
use gρ−
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driving 
force:

TT

TT
T

−
−=

2

*



5

ρ
µ

µ
ρ

D

v
v

Dv
v z

z
z

z

*
* =⇒≡

µ
ρ

ρ
µ 2*

2
* Dt

t
D

t
t =⇒≡

© Faith A. Morrison, Michigan Tech U.

FREE CONVECTION FREE CONVECTION FREE CONVECTION

Example:  how do we non-dimensionalize ? 
t
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SOLUTION:  z-component of the nondimensional
Navier-Stokes Equation (free convection):
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Or any appropriate 
characteristic T∆
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Dimensionless Equation of Motion (free convection)

Dimensionless Energy Equation (free convection; Re = 1)
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Example: Natural convection from vertical planes and 
cylinders

•a,m are given in Table 4.7-1, page 255 Geankoplis for 
several cases
•L is the height of the plate
•all physical properties evaluated at the film temperature, Tf
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