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Development of a High-Performance Fin-and-Tube Heat Exchanger
with Vortex Generators for a Vending Machine
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Abstract

The effect of delta-wing-vortex generators (combination of a delta wing and a delta winglet pair) on the heat transfer
performance of fin-and-tube heat exchangers for vending machines has been investegated. Flow visualizations,
numerical simulations and heat transfer experiments were conducted to find an optimum geometrical shape and
arrangement of the vortex generators. Maximum heat transfer enhancement was achieved by the combination of (a) the
delta wing with the apex angle of 86 degrees and (b) the delta winglet pair with the inline angle of 45 degrees. In
relatively low Reynolds number range, about 40 % increase in heat transfer coefficient was attained with the above
mentioned combination of the vortex generators compared to the ordinary heat exchangers with plain fins. It was
revealed that the heat transfer enhancement was attributed to (1) the longitudinal vortexes generated by the delta wing
and (2) the reduction of wake area behind the tube. It was also found that an increase in the apex angle of the delta wing
brought about heat transfer enhancement, and the scale as well as the stre g gth of the induced longitudinal vortices
played an important role in the heat transfer performance.
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Fig. 3 Schematic diagram of the test section for heat
ransfer experiment.
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Table 1 Configurations of heat exchangers.

Fin configuration | Plain | Delta wing+Delta winglet pair
aan[°] - 35 35
Oaul°] - 60 86

Zm[mm] - 6.5 10.45
Aanpl °] - 45 45
Oapl°] - 45 45

Zdwp[mm] - 35 35

Pressure tap Computer

Digital memory | | % ﬂg
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Flow meter Pressure
(Hot water) \\ Tl 1S —-ltransducer
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Fig. 4 Schematic diagram of test apparatus.
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Fig. 5 View of the heat exchanger.
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Fig. 8 Measured mean Nusselt number.
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