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Abstract

The refrigeration cycle of automobile air-conditioners is simulated in an effort to provide a

computational tool for optimum thermodynamic design. In the simulation, thermodynamic

and heat transfer analysis was performed for the four major components : evaporator, con-

denser, compressor, and expansion valve. Effectiveness-NTU method was used for modeling

both evaporator and condenser. The evaporator was divied into many subgrids and simulta-

neous cooling and dehumidifying analysis was performed for each grid to predict the per-

formance accurately. Blance equations were used to model the compressor instead of using

the compressor map. The performance of each component was checked against the measured

data with CFC-12. Then, all the components were combined to yield the total system per-

formance. Predicted cycle points were compared against the measured data with HFC-134a

and the deviation was found to be less than 5% for all data. Finally, the system model was

used to predict the performance of CFC-12 and HFC-134a for comparison. The results were

very reasonable as compared to the trend deduced from the measured data.
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a) Given data for calculation
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Table 2 Comparison between simulation and

experimental results for condenser

b) Simulation and experimental results

Experiment | Simulation
Return air dry bulb temperature(C) 5.75 .10
Return air wet bulb temperature('C) 4.73 4.50
Return air mass flow rate(kg/s) 01168 | 0.1161
Enthapy difference of air(kcal/kg) 8.83 8.79
Enthapy difference of refrigerant(kcal/kg) | 25.02 25.11
Air side evaporator capacity(kcal/hr) 37160 | 3614.0
Refrigerant side evaporator capacity(kcal/hr) 3708.1 3721.0
Sensible capacity(kcal/hr) 2129 2241
Latent heat ratio(%) 427 38.0

Condition ' ‘

Supply air dry bulb temperature(C) 6.9 a) Given data for calculation
Supply air wet bulb temperature(C) 19.20 Condition
Supply air mass flow rate(kg/s) 0.1168 Supply air dry bulb temperature(C) 34.99
Refrigerant CFC-12 Supply air wet bulb temperature(C) 17.80
Refrigerant mass flow rate(kg/hr) 148.19 Supply air mass flow rate(kg/s) 1.1168
Inlet pressure of refrigerant in eva.(kg/cm.g) 2.45 Refrigerant CFC-12
Inlet temperature of refrigerant in eva.{C) 3.70 Refrigerant mass flow rate(kg/hr) 296.65
Qutlet pressure of refrigerant in eva.(kg/crl.g) 2.11 Inlet pressure of refrigerant in cond.(kg/cnl.g) 14.19
Qutlet temperature of refrigerant in eva.(C) 6.40 Inlet temperature of refrigerant in cond.(C) 83.9
Superheat(C) 6.8 Outlet pressure of refrigerant in cond.(kg/cri.g)| 12.76
Inlet enthalpy of refrigerant in eva.(kcal/kg) 20.77 Qutlet temperature of refrigerant in cond.(C) 50.2

Subcooling(C) 4.5

b) Simulation and experimental results

Experiment | Simulation
Return air dry bulb temperature(C) 4545 45.30
Return air wet bulb temperature(C) 21.18 21.05
Return air mass flow rate(kg/s) L1178 1.1168
Enthapy difference of air(kcal/kg) 2.55 2.50
Enthapy difference of refrigerant(keal/kg)| 3551 34.12
Air side condenser capacity (kcal/hr) 102274 (10064.0
Refrigerant side condenser capacity(keal/hr) 102386 [10122.4

(1kcal/kg =4.1868kJ/kg, 1kcal/hr=1.163x107?
kW, lkg/cni=98.0665kPa)

(1kcal/kg=4.1868kJ/kg, 1kcal/hr=1.163 x 1073
kW, lkg/cnf=98.0665kPa)
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Table 3 Reference operating conditions

—— Condition
Type of evaporator mode] #1
Type of condenser mode] #1
Air temp. at the inlet of evap.{TC) 26.2
Air mass flow rate at inlet of evap.{m’/h) 419
Air temp, at the inlet of cond(C) 35.8
Air mass flow rate at the inlet of cond.(m’/h) 1997
Superheat(C) 111
Subcooling(C ) 8.5
RPM 2300
Pressur drop of refrigerant in evap.(kPa) 0
Pressur drop of refrigerant in cond.(kPa) 0
Table 4 Four parameters influencing the

system performanc

Standard model : model #1 evap. & model #1 cond.
A :Change in evaporator area

B :Change in condenser area

C :Change In evaporator air mass flow rate

D :Change in condenser air mass flow rate
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