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Empirical Correlations 

 

 

Laminar Flow over an Isothermal Plate: 

 

 
For fluids with Small Prandtl no (liquid metals) 

 
Where: 

 
 

A single correlating equation, which applies for all Prandtl numbers, has been recommended by 

Churchill and Ozoe, For laminar flow over an isothermal plate, the local convection coefficient may 

be obtained from: 

 
 

 

 

With the modified Reynolds, or Chilton–Colburn, analogy, the local Nusselt number for turbulent 

flow is: 

 

 
 

 

 

 
where the bracketed relations indicate the range of applicability and the constant A is determined by 

the value of the critical Reynolds number, Rex,c. That is, 

 
A = 871 for Rex,c.= 5(10)
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Laminar Flow over an Isothermal Plate 

 

Turbulent Flow over an Isothermal Plate 

 

Mixed (Transition occurs from laminar to Turbulent) Boundary Layer 

Conditions 
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For Laminar Flow: 

 
For Turbulent Flow: 

 
 

 

 

The empirical correlation due to Hilpert 

 

 
is widely used for Pr   0.7, where the constants C and mare listed in Table 7.2 

 
The empirical correlation due to Hilpert may also be used for flow over cylinders of noncircular 

cross section,with the characteristic length D and the constants obtained from Table 7.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flat Plate with Constant Heat Flux Conditions 

Circular Cylinder in Cross Flow 
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The correlation due to Zukauskas is of the form: 

 

 

 

 

 

 

 

 

If Pr   10, n = 0.37; if Pr   10, n = 0.36 

Where all properties are evaluated at T  , except Prs, which is evaluated at Ts. Values of C and m are 

listed in Table 7.4. 

 

 

 

 

 

 

 

 

 

 

Churchill and Bernstein have proposed a single comprehensive equation that covers the entire range 

of ReD for which data are available, as well as a wide range of Pr. The equation is recommended for 

all ReD, Pr   0.2 and has the form: 

 

 

 

 

 

Where all properties are evaluated at the film temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

The Sphere 

 



Page 4 of 9  By: Dawit M. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Two Arrangements: 

 

 

 

 

 

 

 

 

 

 

 

 

 
Generally, we wish to know the average heat transfer coefficient for the entire tube bundle. For 

airflow across tube bundles composed of 10 or more rows (NL 10), Grimison has obtained a 

correlation of the form: 

 

where C1 and mare listed in Table 7.5 and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow across Bank of Tubes 
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It has become common practice to extend this result to other fluids through insertion 

of the factor 1.13Pr
1/3

, in which case 

 

 
All properties appearing in the above equations are evaluated at the film temperature. If NL 10, a 

correction factor may be applied such that: 

 
Where C2 is given in Table 7.6 

 
 

The Reynolds number ReD,max for the foregoing correlations is based on the maximum fluid velocity 

occurring within the tube bank. For the aligned arrangement, Vmax occurs at the transverse plane 

A1of Figure 7.11a, and from the mass conservation requirement for an incompressible fluid. 

 

 

               …….7.62 

 

 



Page 6 of 9  By: Dawit M. 

 

More recent results have been obtained and Zukauskas [15] has proposed a correlation of the form: 

 

NL = No of tubes in row (Longitudinal Direction). 

where all properties except Prs are evaluated at the arithmetic mean of the fluid inlet and outlet 

temperatures and the constants C and mare listed in Table 7.7. 

 

If NL 20, a correction factor may be applied such that: 
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