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Applicability Study of Air Side Heat Transfer Model of Fin-tube Heat
Exchanger in Low Ambient Pressure
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(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract The applicability of popular air-side heat transfer models of a flat fin-tube heat exchanger with high prediction accuracy are
summarized in this paper. Their performance in a low ambient pressure (40-100 kPa) is analyzed under typical air conditioning condi-
tions (air dry bulb temperature 27 °C, wet bulb temperature 19.5 °C, approach velocity 1-4 m/s, inlet cooling water temperature 7 -
13 °C, and water flow rate 1.8 m/s). To check the applicability of these models, three heat exchangers with different tube rows (2/3/4)
were tested. Experimental results showed that the data with large deviation appeared in the cases with a low ambient air pressure and the
deviation could be +127.4%— —36.6%. The predictions with models under atmospheric pressure were generally greater than the test results
as the influence of atmospheric pressure on the Re number of the air side heat transfer was not considered. The effect of the number of
tubes under a low-pressure environment on the heat transfer remains there and is more apparent. A correction term of ambient pressure was
proposed based on the experimental data in this study. There was a substantial improvement of these three models’ prediction accuracy af-
ter this correction as follows: under the experimental conditions, the maximum deviation dropped to 32.63%, 24.91%, and 21.74% re-
spectively; the average deviation was 1.79%, —2.90%, and —8.59% respectively; and the error range of +20% covered 90.97%,
93.75%, and 88.96% respectively of the experimental values. Furthermore, pressure correction makes the models applicable to a more
extensive range of ambient pressures.

Keywords heat transfer factor; ambient pressure correction; airside heat transfer; fin-tube heat exchanger
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Tab.1 Ambient air pressure changes with different altitude

HEIR G B/ km R/ kPa
0 101. 325
1 89.948
2 79. 485
3 70. 957
4 61. 625
5 54.004
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Tab.2 Summary of popular airside heat transfer models of flat fin-tube heat exchanger
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Fig.1 The principle of experimental system
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Tab.3 Geometric parameters of experimental flat fin-tube

heat exchanger

URCE =54 Bl
I SME D,/ mm 9.52
WA BEJZE 5/ mm 0.35
B A A1 P/ mm 24.55
PRI P/mm 21.26
BT HERL N, 16
I EHE N, 2/3/4
R EEE 8,/ mm 0.15
WA EH F /mm 3
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Tab.4 Experiment condition range

v THE R
A Bz S TERIRE/C 27
AHZSSBEREE/C 19.5
W TET R (m/s) 1~4
A K/ C 7~13
AFKIFRHE/ (m/s) 1.8
W J1/kPa 40~ 100
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Tab.5 Uncertainty of main experimental parameters

ANHE L %

R/ IMA IS INIEN
G, +0.9 +1.0
G, +0.5 +1.1
Q. +1.9 +3.9
Q, +2.6 +4.2
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Ji +6.0 +9.2
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Fig.2 Experimental data of j, factor at atmospheric pressure

versus data under popular models’ prediction
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