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An experimental energy and exergy analysis of uniform and step heat flux
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Original Research Paper Heat transfer enhancement is widely applicable in various industries, specifically in heat exchangers.
Received 22 December 2017 Optimizing of heat transfer in the absence of increased pumping energy will result in increased of total
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c A . efficiency in different systems. In this paper, forced convection heat transfer and fluid flow of fully
Auvailable Online 08 April 2018

developed laminar regime in a horizontal tube under uniform and non-uniform step heat fluxes is
investigated experimentally. The effect of uniform, non-uniform increasing and decreasing applied heat

E?:{Vﬁzis' fluxes on heat transfer and fluid flow are investigated. The effect of various parameters on heat transfer
Heat transfer coefficient enhancement and fluid flow characteristics in these models are reported. Uncertainty analysis is performed and
Fluid flow acceptable maximum of 1.8 percent is acquired. The primary results compared to well-known Shah and
E’;:gy London equation for validation and maximum error of 8.5 percent is reported. In the present paper,
B4 Energy and exergy are two approach of analyzing. Convection heat transfer coefficient enhancement of
19.3 and 22.3 percent compared with model 1 are reported for model 2 and 3 respectively, in energy
analysis. Furthermore, in this paper, exergy analysis is done and irreversibility values of 0.0887, 0.0803
and 0.1037 are reported for model 1, model 2 and model 3 respectively. Finally, it is concluded that the
model number 3 is the best way to enhance heat transfer because of the maximum averaged Nusselt

number and the minimum entropy generation values.
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Fig. 2 Applied heat flux geometry in Esfahani and Shahabi study. [3]
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Fig. 3 schematic diagram of experimental setup: 1-pump 2- copper tube 3- insulation 4- differential pressure transmitter 5- DC power supply and
thermal wire 6- thermocouples (ten K-type at wall and two RTD at inlet and outlet) 7- data logger 8- PC 9- heat exchanger 10- heat exchanger
reservoir tank 11- flowmeter 12- fluid flow reservoir tank 13- cooling elements 14- cooling elements DC power supply
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Fig. 6 Three different supplied heat flux models on tube(Model NO.1:

Constant, Model NO. 2: Ascending step and Model NO.3: Descending
step)
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Fig. 5 comparison of pressure loss in different Reynolds numbers with
analytical values in the present study.
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Fig. 9 Experimental bulk and wall temperature distribution for model
NO 2.
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Fig. 7 comparison of Nusselt distribution for three models with Shah
equation at Re=1605
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heat flux models and its enhancement compare to model NO 1.
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Fig. 8 Experimental bulk and wall temperature distribution for model
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Fig. 13 Comparison of Nusselt distribution at Re=1070 in model 3 with
uniform heat flux.
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Fig. 10 Experimental bulk and wall temperature distribution for model
NO 3.
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Fig. 11 Comparison of Nusselt distribution at Re=2140 in model 3 with
uniform heat flux.
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Fig. 12 Comparison of Nusselt distribution at Re=1605 in model 3 with
uniform heat flux.
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