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Abstract 

This paper presents the entropy generation analysis and optimisation of typical shell-and-tube 

heat exchanger in the preheat train of crude oil distillation unit. The implication of entropy 

minimisation on energy consumption associated with design of heat exchanger was studied. The 

developed optimisation model was solved by employing the firefly algorithm. A number of 

constraints were applied with thirteen decision variables. The ε-NTU method and Delaware 

method were used for the heat exchanger design. Four cases were considered for each of two 

selected samples and were categorised under two studies. Total entropy generation rates for all 

the four cases considered were almost the same, and the dominant irreversibility distribution is 

by heat transfer. However, the sharp decrease in entropy generation due to fluid friction caused a 

great reduction in pumping power in the range of 51.4 to 82.1% and 54.8 to 92.2% for the two 

studies, respectively. The results of sensitivity study on the decision variables showed sharp 

reduction in entropy generation rate and increased pumping power as the mass flow rate 

increases for all the variables. Also, the choices of the tube diameter and tube number had greater 

impact on the changes in entropy generation rate and pumping power. 
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1. Introduction 

Crude oil is one of the most exploited global energy resources and is refined into different 

forms of consumer products, such as fuels and other petrochemical products for human use. The 

crude oil, which is normally preheated in a network of heat exchangers, is separated into its 

fractions of lower hydrocarbons in refineries from the crude oil distillation unit (CDU) [1]. It is 

recorded that about 5-6% of the refinery fuel is consumed for refining purposes while nearly 
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