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Abstract

In this study, the computer modeling for prediction of the performance of fin-tube heat exchan-
ger using alternative refrigerant, HFC-134a was developed and the computer program for calcu-
lating the various properties of HFC-134a and the existing refrigerant CFC-12 and HCFC-22
wasmade. The heat exchanger modeling is based on a tube-by-tube approach, which is capable of
analysis for the complex coil array. Performance of each tube is analyzed separately by consider-
ing the cross-flow heat transfer with external airstream and the appropriate heat and mass
transfer relationships. A performance comparison according to the different refrigerants is
provided using this developed model. As the result of this study, total heat transfer rate of
evaporator and condenser using HFC-134a were found higher than that of using CFC-12 for the
same operating conditions. When the mass flow rate of HFC-134a was less than CFC-12 about 18.
169, the cooling capacities of evaporator were found to be the same.
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Fig. 1 Typical fin-tube heat exchanger for air cooling

Fig. 2 Unit tube for this study
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Table 1 Test conditions of Ref. (2) and Ref. (3)

Test conditions O.R.N.L Domanski
Number of tubes 26 88
Number of rows 2 3
Number of merging tubes 0 4
Tube inner diameter (mm) 9.39 8.0
Tube outer diameter (mm) 11.0 9.5
Unit tube length (mm) 65.0 441.0
Transverse tube space (mm) 24.5 24.5
Longitudinal tube space (mm) 19.05 21.4
Tube material Copper Copper
Fin width (mm) 38.1 64.2
Fin height (mm) 254.0 710.5
Fin thickness (mm) 0.13 0.10
Fin pitch (mm) 1.24 1.90
Fin material Aluminum Aluminum
Fin type Flat Plate Flat Plate
Refrigerant (R22) inlet conditions
Temperature (C) 10.9 8.672
Quality 0.22 0.184
Mas flow rate (kg/s) 0.0227 0.0724
Air inlet conditions
Temperature (C) 27.0 26.67
Relative humidity (%) 55.0 51.0
Mas flow rate (kg/s) 0.1458 0.7308
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Table 2 A comparison of the result of this study and Ref.(2)

ORN.L This Study Diff.
Refrigerant side results
T:. (outlet temperature, C) 18.34 19.27 +0.93
P.. (outlet pressure, kPa) 620.91 622.36 +1.45
Teup (superheated temperature, C) 7.44 7.37 ~0.07
L, (ratio of 2-phase region length) 84.8% 85.5% +0.70
ire (outlet specific enthalpy, kJ/kg) 252.41 261.78 +9.37
Air side results
Ta.e (outlet temperature, C) 15.25 15.07 —0.45
Wa.e (outlet humidity, ratio) 0.0101 0.0104 +0.003
dae (outlet relative humidity) 0.9080 0.8480 —0.06
Heat transfer
Qsup (superheated region, kW) 0.197 0.171 —0.026
Qp (2-phase region, kW) 3.591 3.691 +0.10
Q (total, kW) 3.788 3.862 +0.074
Table 3 A comparison of the result of this study and Ref.(3)
Jﬁ Domanski This Study Diff.
Refrigerant side results
T:e (outlet temperature, C) 8.472 12.80 +4.33
P, . (outlet pressure, kPa) 621.1 619.88 —1.32
Tsup (superheated temperature, C) 0.0 3.128 +3.13
Ly (ratio of 2-phase region length) 100% 94.6% —5.4
ire (outlet specific enthalpy, kJ/kg) 253.5 257.2 +3.7
Air side results
Ta.e (outlet temperature, C) No data 16.48 -~
We.e (outlet humidity, ratio) No data 0.01042 -
de.e (outlet relative humidity) No data 0.096 -
Heat transfer
Qsup (superheated region, kW) 0.0 0.188 +0.188
Q:p (2-phase region, kW) 9.991 9.941 —0.05
Q (total, kW) 9.991 10.129 +0.14
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Table 4 Test conditions for condenser and evaporator in this study

Specifications Condeser Evaporator
Number of tubes 24 40
Number of rows 2 5
Number of inlet tubes 2 4
Number of merging tubes 1 0
Tube inner diameter (mm) 8.5 8.5
Tube outer diameter (mm) 10.0 10.0
Tube length (mm) 584.0 174.0
Transeverse tube space {(mm) 24. 24.5
Longitudinal tube space (mm) 16.0 19.05
Tube material Copper Copper
Fin widt (mm) 33.0 110.0
Fin height (mm) 300.0 230.0
Fin thickness (mm) 0.15 0.13
Fin pitch (mm) 1.75 1.24
Fin material Aluminium Aluminium
Fin type Flat plate Flat plate
Refrigerant inlet conditions Condenser Evaporator
Refrigerant R12 R134a Ri12 R134a
Temperature (C) 60.0 i 60.0 5.0 5.0
Pressure (kPa) 1219.31 1317.62 - -
Saturation temp. ('C) 50.0 50.0 - -
Quality - - 0.3 0.3
Mass flux (kg/m?s) 100.0 100.0 100.0 100.0
Air inlet conditions Condenser Evaperator
Temperature ('C) 27.0 30.0
Relative humidity (%) 55.0 55.0
Mass flow rate (kg/s) 0.2292 0.1272
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Table 5 Result of performance test for R134A and R12 in condenser

R12 R134a Diff.(%)
Refrigerant side results

T, (outlet temperature, C) 30.18 33.40 +10.7
P.. (outlet pressure, kPa) 1217.1 1149.7 —5.54
Tsue (superheated temperature, C) 19.82 16.60 —16.2
L (ratio of 2-phase region length) 70.8 75.0 + 4.2
ire (outlet specific enthalpy, kJ/kg) 64.77 96.44 +48.9

Air side results
Toe (outlet temperature, C) 31.63 32.73 +3.48
dae (Outlet relative humidity) 42.5 49.1 +6.6

Heat transfer
Qsup (superheated region, kW) 0.066 0.080 +21.2
Quup (subcooled region, kW) 0.096 0.085 —11.5
Q2 (2-phase region, kW) 1.304 1.662 +27.5
Q (total, kW) 1.446 1.827 +24.6
Table 6 Results of performance test for R134a and R12 in evaporator
R12 R134a Diff.(%)
Refrigerant side results

T:.e (outlet temperature, ‘C) 17.81 11.69 —34.36
P (outlet pressure, kPa) 360.2 346.8 -3.72
Tsup (superheated temperature, ‘C) 12.92 6.85 —46.98
L,, (ratio of 2-phase region length) 62.5% 77.5 +15
ire (outlet specific enthalpy, kJ/kg) 200.6 348.8 +73.8

Air side results
T.. (outlet temperature, °C) 18.13 14.96 —17.48
W, (outlet humidity, ratio) 0.01276 0.01139 —10.74

Heat transfer
Qsip (superheated region, kW) 0.025 0.034 +36.0
Q2 (2-phase region, kW) 3.2045 2.7999 +25.97
Q (total, kW) 2.2295 2.833 +27.07
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