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Thermal Performance Analysis of Reciprocating
Compressors for Refrigerator-freezers

MAN-HOE KIM
School of Mechanical Engineering, Kyungpook National University, 80 Daehakro, Bukgu, Daegu 41566, Korea

Abstract >> This paper presents a simple thermo-physical model of reciprocating compressors for household
refrigerator-freezers. The compressor model has been developed based on thermodynamic principles and large data
sets from the compressor calorimeter tests. The input data are compressor geometry (displacement and clearance
volume), compressor speed, suction pressure and temperature, discharge pressure, and ambient temperature. The
model can estimate mass flow rate and compressor power consumption within 3.0% accuracy, which is not much
larger than measurement errors associated with calorimeter testing under ideal conditions.

Key words : Reciprocating compressor(-5-5%=:7]), Refrigerator-freezer(\d %} 17), Performance analysis(4d-5314)),
Compressor model($}=7] % dl), Compressor efficiency(<7] & &)

Nomenclature Vaip + cylinder displacement (m3)
v . specific volume (m’/kg)
C : clearance volume ratio, V./Viigp W . compressor work (W)
h  : specific enthalpy (J/kg)
m : refrigerant mass flow rate (kg/s) Greek Symbols
N : number of data points e : effectiveness
P : pressure (kPa) n.  : compressor efficiency
QO : heat transfer rate from shell (W) nv @ volumetric efficiency
s : specific entropy (klJ/kg °C) @ : compressor speed (rpm)
T : temperature (°C)
U : overall heat transfer coefficient (W/m™C) Subscripts
V. : clearance volume (m’) amb : ambient
cal : calculation
TCorresponding author : manhoe.kim@knu.ac.kr cond : condenser
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dp  : cylinder discharge port
evap : evaporator
exp : experimental

shell : compressor shell

sp  : cylinder suction port
suc : compressor shell suction
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Fig. 1 Schematic diagram of reciprocating compressor
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Table 1 Data sets for simulations

Compressor Displacement/ No. of data
P Clearance (cc) points (N)
[ 7.2/0.175 20
1 9.0/0.214 16
I 8.0/0.200 16
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Fig. 4 Compressor shell temperatures as function of discharge
temperatures
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Table 2 Estimated parameters for the physical model

Comp Estimated constants
c3 cy ki k> a b | Udsen
I |-0.03135(31.85|0.367 | 0.00289 | 43.77 | 0.255| 3.69
I ]-0.00483|27.23 | 0.255| 0.00343 | 26.27 | 0.474 | 3.65
1T [-0.00652|26.65 | 0.315 | 0.00336 | 46.48 | 0.248 | 3.57
Table 3 RMS errors for the physical model
RMS errors
Comp % °C
obj m obj W ATdis
I 2.50 0.52 35
11 1.47 2.85 3.8
il 1.48 2.10 3.7
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Fig. 6 Calculated and measured mass flow rates
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Fig. 7 Calculated and measured compressor powers
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Fig. 8 Calculated and measured discharge temperatures
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