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Performance enhancement of tube-in-tube heat exchanger utilized in mechanical
vapor compression system along with its semi-empirical Nusselt number
Seyed Mostafa Khodashenas, Mahsa Hajialibabaie, Ali Keshavarz Valian®

Department of Mechanical Engineering, Khajeh Nasir Toosi University of Technology, Tehran, Iran
*P.0.B. 19395-1999, Tehran, Iran, keshavarz@kntu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Vapor compression is an effective method of desalination in a small scale system. Such system has two
Received 25 April 2017 hot outlet flows. These flows are used to preheat the feedwater. In this research, tube-in-tube heat
Accepted 19 June 2017 exchanger with different number of inner tubes was designed and constructed as preheater. This heat

Available Online 20 July 2017 exchanger contains many inner tubes where each tube is a separate inner flow line for hot flow. Heat

Keywords: exchanger was tested with one, two and three inner tubes. Volumetric flow rates varied from 30 to 120

tube-tube heat exchanger lit/h in ann_ulus and 20 to 90 lit/h for inner tubes_ respectively. The results showed that by _changi_ng the
Vapor compression number of inner tubes from 1 to 3, heat transfer increased 29%. However, 38.4% decrease in equivalent
Desalination system hydraulic diameter led to 22% drop in average Nusselt number. Afterward, a dimensionless coefficient

heat transfer coefficient of performance enhancement, defined as the ratio of heat transfer rate variation and the required

pumping power, was used to determine number of inner tubes. The results implied that heat exchanger
performance improved by increasing the number of inner tubes from 1 to 2. But there is no significant
improvement when number of inner tubes changes from 2 to 3. Finally, a semi-empirical equation is
presented for determination of Nusselt number in a heat exchanger with two inner tubes. This study
indicated that this type of heat exchanger has the best performance for the system within the tested

range.
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Fig. 2 Schematic of the setup for testing heat transfer coefficient and
pressure drop in heat exchanger
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Fig. 7 Variation of average Nusselt number versus Reynolds number
for different heat exchangers
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Fig. 5 Variation of heat flux with Reynolds number for different heat
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number for different heat exchangers
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Fig. 10 Variation of performance enhancement coefficient for different
inner tubes versus Reynolds number
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Fig. 8 Comparison between the experimental and analytical(sparrow)
average Nusselt number versus Reynolds number
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Fig. 9 Variation of friction factor with Reynolds number for different
heat exchangers
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