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Numerical Analysis of A Compressor Type of Dehumidifier : (II) Heat Transfer
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Abstract A numerical analysis of a compressor dehumidifier has been conducted focusing on the air side heat transfer,
which is a part of a series research on the dehumidifier. The moving reference frame was applied to the fan modeling,
and the porous model was used for the evaporator and condenser modeling. Curve fitting obtained the inertial and
viscous resistances parameters to the results of the physical model of the unit cell with actual shape of a fin tube.
The porous model was validated within a reasonable computation time for the range of practical inlet velocity of a
dehumidifier. A parametric study has been conducted for fin number, fan speed (i.e., air flow rate), and evaporator/
condenser tube arrangement. ANOVA analysis showed the dependency of each parameter on the velocity and temperature
uniformity, which are desirable for high performance of the dehumidifier.
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Fig. 1 Schematic of a dehumidifier (a) Outside the model Arrangement Case 1 Case 2 Case 3
and (b) Inside the model. Fig. 2 Tube arrangement of evaporator and condenser.
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the physical model. Fig. 4 Pressure drop in the physical model.
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Fig. 5 Model comparison by the pressure drop and mean average temperature from inlet to outlet surfaces for 145 fins
a) Pressure drop b) Mean average temperature.

Table 1 Porous fitting parameter

Case Number of Fin Porosity[-] Inertial resistance[kg/m®*] Viscous resistance[kg/m?s]
1 145 0.9385 78.49 173.85
2 160 0.9322 72.733 199.53
3 175 0.9258 73.59 232.57
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Fig. 6 Counter plot of Temperature, Pressure, Velocity at the middle-center section.
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Fig. 7 Temperature distribution at inlet and outlet sections of evaporator and condenser.
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Fig. 8 Parametric study on the velocity uniformity at a) Evaporator outlet and b) Condenser outlet.

Table 2 ANOVA result of the temperature uniformity at
the evaporator outlet

Table 3 ANOVA result of the temperature uniformity at
the condenser outlet

Factors S ) \'% Fo p(%) Factors S ) \'% Fo p(%)
Air flow 2.95219E-07 1 2.95219E-07 6.980 18.168 Air flow 1.02126E-06 1 1.02126E-06 114.615 47.760
EVA 1.31612E-09 2 6.58058E-10 0.016 0.081 EVA 8.72916E-10 2 4.36458E-10 0.049 0.041
pass pass
Fin 1.24385E-06 2 6.21926E-07 14.704 76.546 Fin 1.09837E-06 2 5.49185E-07 61.635 51.366
number number
Error  8.45945E-08 2 4.22972E-08 5.206 Error 1.78206E-08 2 8.91031E-09 0.833
Total 1.62498E-06 100 Total 2.13832E-06 100
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Fig. 10 The evaporator out let and the condenser inlet position.
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Fig. 11 a) The uniformity of temperature and b) average outlet temperature.
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