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Abstract: 

Heat transfer through a smooth circular tube remains one of the most important heat transfer problems 

in internal convetion. Depending on the method of heating/cooling (constant heat flux or constant wall 

temperature) the flow regimes might be forced convection or mixed convection. This will significantly 

influence parameters such as the development of the hydrodynamic and thermal boundary layers and 

entrance lengths, the local- and average heat transfer coefficients, as well as the local and average 

pressure drops. 

Extensive theoretical work was done from which the above-mentioned parameters were estimated for 

forced convection conditions, but it was unfortunately not necessarily verified by rigorous 

experimental work. A little experimental and theoretical work has been done for mixed convection 

heat transfer; however, the focus was mainly on the laminar flow regime and very little work has been 

done for the transitional flow regime.  

It was therefore the purpose of this study to give a new perspective on forced and mixed convection 

heat transfer in smooth circular tubes by conducting rigorous experiments and compiling an 

experimental database which were orders of magnitude larger than previous databases.  Some of the 

main new perspectives that were developed from the results are: 

1. A longer thermal entrance length is required if the flow is simultaneously hydrodynamically 

and thermally developing.  

2. The fully developed forced convection laminar Nusselt number is not constant at 4.36, but is a 

function of Reynolds number for Reynolds numbers greater than 600. 

3. Free convection effects were found to decrease the thermal entrance length. 

4. The width of the transitional flow regime decreased and the transition gradient increased as the 

flow developed along the tube length.  Once the flow was fully developed, both the width of 

the transitional flow regime and transition gradient remained constant. 

5. Free convection effects caused the width of the transitional flow regime to decrease and the 

transition gradient to increase.  At very high Grashof numbers, the transitional flow regime 

even became negligible and the flow regime changed from the laminar flow regime to the 

quasi-turbulent flow regime at the next Reynolds number increment. 
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