
Forced Convection: External Flows



HTC for External Flow over a flat plate

Local Reynolds Number

Critical Re

105 < Recr < 3×106 depending on the surface roughness and flow disturbances

Properties evaluated at
Film Temperature



Local and average HTC and 
Nu for flat plates (Constant 
Wall Temperature)
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If Nux=Pxm, then the average 
Nusselt Number is



Laminar versus turbulent convection 

U=0.1 m/s
=10-6 m2/s
Pr=0.7
k= 0.03 W/mK



Combined Laminar and Turbulent flow

Ts

T



HTC correlations for other conditions
Constant Wall Heat Flux Condition

xcr

Low Pr fluids (Liquid Metals)



Example

Film Temperature

Properties at Film Temperature

Flow Regime?

Laminar

Nu Correlation

HTC

Total Heat Transfer



Example

Hint: Kinematic viscosity varies inversely with density

6 m



External flows over cylinders



General correlations:
All shapes

Compact Form



• Expression of Nu:

External flows over Spheres

Fluid properties (except s) are evaluated at T

U

For U=0, Nu = 2.0
(Minimum Nu over a sphere in 
a quiescent flow)

HW: Obtain the same expression from steady 
heat conduction equations



Cooling of a sphere 

Heat Transfer Correlation (Whitekar)

Properties

Reynolds number

Calculate time required to cool from 1100 to 933 K

What is the average HTC?

Assumptions: (i) Lumped capacitance model valid (?)
(ii) Negligible radiation
(iii) Constant properties 


