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Evaporating Heat Transfer Characteristics of R-290, R-600a
Inside Horizontal Double Pipe Heat Exchangers
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ABSTRACT: Experimental results for heat transfer characteristics of natural refrigerants
R-290, R-600a and HCFC refrigerant R-22 during evaporating inside horizontal double pipe
heat exchangers are presented. The experimental apparatus is basically a vapour heat pump
system, composed of a compressor, a condenser, expansion devices, a evaporator, and some
other peripheral devices. The test sections were horizontal double pipe heat exchangers,
which were a pair of smoothed tube, having 10.07 mm ID, 12.07 mm OD, and grooved inner
fin tube, having 12.70 mm OD, 0.25 mm fin height, and 75 fins. The local evaporating heat
transfer coefficients of natural refrigerants were not much affected with the mass velocity
than R-22 and it could be interpreted that the local evaporating heat transfer coefficients of
R-22 were increased more than those of R-290 or R-600a according to the increment of
mass velocity. Moreover, the maximum increment of the heat transfer coefficient was found
in R-290. The average heat transfer coefficient was obtained the maximum value in R-290
and the minimum value in R-22. It reveals that the natural refrigerant can be used as a
substitute for R-22. In the grooved inner fin tube, 709 of the increment of the heat
transfer coefficient was obtained compared to the smoothed tube.
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Detail of smoothed tube.
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Fig. 3 Detail of grooved inner tube.
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Table 1 Comparison between experimental data and previous correlations results for
R-22, R-290, R-600a inside smoothed and grooved inner fin tubes

difference(mean) %
R-22 R-290 R-600a
Author | Tube
Mass velocity
low high low high low high
Shah s -30~36(5) | -23~16(3)| -16~4(-9) |-29~-12(-20)| -4~16(3) -20~12(0)
a
G” 2~19(13) 8~23(14) -7~10(5) - -32~5(-21) | ~14~18(2)
Gungor-| S -53~14(-22) |-46~20(-3)| -47~-7(-28) | -41~-5(-19) | -24~2(-11) | -21~17(4)
Winterton | G [-36~-17(-25){-21~0(-13)[ -25~6(-5) - 6~25(13) [-19~-4(-11)
i S -46~25(5) |-44~17(-4)] -16~12(-6) | -24~-3(-11) | -4~18(5) -22~9(-3)
Kandlikar
G ~25~-2(-13) | -9~11(0) | 19~40(30) - -13~13(-5) | -13~19(7)
* © Smoothed tube.
*x I Grooved inner fin tube.
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Fig. 7 Comparison between average evaporating
heat transfer coefficients and refrigerant
mass velocity.
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