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The Relation Between Fluid Friction and Heat Transfer 
 
Since the heat and momentum flow are related, we may obtain a relationship that relate the 
frictional resistance to the heat transfer. This analogy can be written as: 
 

0.52/3 0.332ReJfSt Pr   
 

 
This relation is called the Reynolds-Colburn analogy, expresses the relation between fluid 
friction and heat transfer for laminar flow on a flat plate. 
  
 
Where: 
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Jf = friction factor 
Example: Air at 20 kPa and 20°C flow across flat plate 0.6m long. The free stream velocity is 
30m/s. the plate is heated over its entire length to a temperature of 55°C, a)for x=0.3m, 
calculate the value of y for which u will equal 22.5m/s b)estimate the value of fiction factor at 
distance 0.15m from the leading edge. Note: the velocity distribution as 
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Turbulent Boundary Layer Heat Transfer 
 

 
 

Three region can be observed: 
1) A very thin region near the plate surface is called "the laminar sublayer" has the same 

character of laminar flow. 
2) At larger y distances from the plate, a layer is called "buffer layer" in which some 

turbulent action is found in addition to the molecular viscous action and heat 
conduction. 

3) Turbulent layer, in which the flow is fully turbulent. 
 
 
 
Turbulent Heat Transfer Based on Fluid-Friction Analogy 
 
The friction factor in turbulent flow on flat plate can be calculated by  
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The average-friction coefficient for a flat plate with a laminar boundary layer and turbulent 
thereafter can be calculated from 
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Applying the fluid-friction analogy St Pr2/3 = Jf we obtain the local turbulent heat transfer as: 
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The average heat transfer over the entire laminar-turbulent boundary layer is  
 

                   
 
Since               NuSt Pr.Re/  
 

 
 
 
Constant Heat Flux 
 
For constant-wall-heat flux in turbulent flow, the local Nusselt numbers is only about 4 % 
higher than for the isothermal surface; that is, 
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Turbulent Boundary Layer Thickness 
 
The velocity profile in a turbulent boundary layer, outside the laminar sublayer, can be 
described as 

 
 

For the case on the boundary layer is fully turbulent from the leading edge of the plate with 
the condition that δ = 0 at x = 0 to, the boundary layer thickness is calculated  
 

 
 

For the boundary layer follows a laminar growth pattern up to Recrit = 5 × 105 and a turbulent 
growth thereafter 
 

                    
 

Example 5.10 for this purpose. 
 
 

 


