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Abstract: The objective of this study is to predict the heat-transfer performance of a spirally coiled circular fin-tube
evaporator in which either R134a or R600a was used; this heat-transfer performance was predicted by varying the mass
flow rate, inlet air temperature, air flow rate, and tube thickness. Mean deviation for the analytical model from the
measured data was +8.3%. Simulation results revealed that at a given mass flow rate, the heat-transfer rate of the
evaporator using R600a was higher than that usingR134a because the enthalpy of the former is higher than that of the
latter at the given conditions. The heat-transfer rate of both refrigerants increased with an increase in the air flow rate
and inlet air temperature but decreased with an increase in the tube thickness.
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(a) Tube-by-tube method in a control volume
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(b) Tube-by-tube method in P-h diagram

Fig. 1 Schematic of the tube-by-tube method
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Input :
Evaporator geometries,
Operation conditions

Assumption of temp and quality of the
refrigerant for the first of HX
T ref, x

Adjust
T_ref

Calculate heat transfer rate and inet
and outlet conditions for each row by
tube-by-tube method

Adjust

T_ref_input=
T_ref_extimated

X_input=x_estimated

Print heat transfer rate
and outlet conditions

I

)

Fig. 2 Flow chart of the main program
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Table 1 Whalley’s recommendation
Range of G
Range of 5 Recommended correlation
Mg (kg/m’s)
<1000 - Friedel correlation (1979)
> 100 Chisholm correlation (1973)
Lockhart and Martinelli
<100
> 1000 (1949)
Table 2 Specifications of an evaporator
Parameters Specifications
Tube alignment Inline
Columns/rows 2/15
1st row 30.0
2~3rd rows 20.0
4~12th rows 7.5
Fin pitch
13~14th rows 5.0
15th row 10.0
Fin diameter (mm) 24.5
Tube pitch (mm) 30.5
Tube inner/outer diameter (mm) 7.0/8.0
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Table 3 Simulation conditions

Parameters Specifications

Inlet temperature (°C) -27

Refrigerant 97.2 (R134a)/

Inlet pressure (kPa)
53.4 (R600a)

-side

Inlet quality 0.2~0.35

Inlet temperature (°C) 3
Air-side

Flow rate (m*/min) 0.5

w
3

Test data (Lee et al.) +15% .° - +'1 0%
O Inlint tube alignment L
320+ S A0%0

280- s

g

200+ o

-
8
‘\
QO v,
)
<8
(@

Predicted heat transfer rate (W)

120+
120 160 200 240 280 320

Measured heat transfer rate (W)

360

Fig.3 Comparison of the existed data with the
predictions of the simulation
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Fig. 6 Effect of air flow rate on the heat transfer rate
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