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Abstract

Thermodynamic and dynamic analysis has been conducted to investigate performance varia-
tions induced by substitution of alternative refrigerants, HFC134a or HC600a for CFC12 in
hermetic reciprocating compressors. For the thermodynamic analysis, mass and energy conserva-
tion laws are applied to the cylinder volume and Helmholtz resonator modeling method is adopted
to describe gas pulsations at suction and discharge system. The modeling of the dynamics of the
compressor mechanism has been performed with lumped mass method to analyse the bearing
loads and friction losses at each bearing. To verify the correctness of this analysis, results of the
performance simulation have been compared to those of calorimetric measurements of compres-
sor operating with CFC12. Analysis of the various losses, noise and reliability as well as perfor-
mance has been conducted to present the design guideline for the compressor development with
alternative refrigerants. It is found that compressors with alternative refrigerants, HFC134a or
HC600a give better COPs than those with CFC12 under the same operating conditions and
especially, compressors with HC600a show better reliability and noise characteristics also.
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Table 1 Input data for the simulation.

[tem Data
Operating Evaporating temperature 249.85 K
conditions Condensing temperature 327.55 K
Suction gas temperature (75) 358.15 K
Cylinder surface temperature (7)) 381.15 k
Rotation speed (w) 3520 rpm
Motor efficiency (7mo) 0.78
General Cylinder diameter (D) 25.0 mm
Speciification| Clearance ratio 0.012
Crank radius (R,) 8.85 mm
Connecting rod length () 33.55 mm
Mass of piston (m,) 30.0g
Mass of connecting rod (micn) 23.5¢
{Suction) {Discharge)
Plenum volume (V) 2 cc 10 cc
Muffler volume ( Vq,) 47 cc 25 cc
Valve {Suction) {Discharge)
Natural frequency (w») 333 Hz 767 Hz
Damping coefficient (&) 0.18 0.22
Bearing Piston-cylinder bearing
- Diameter (D) 25.0 mm
- Radial clearance (C,) 6.0 um
Connecting rod bearing
- Radius (R;) 7.0 mm
- Radial clearance (C;) 8.0 um
thrust bearing
- Inner radius (R,) 12.5 mm
- Outer radius (R,) 10.4 mm
- Film thickness (C;) 8.0 um
Ball bearing
- Ball radius (R») 5.56 mm
- Friction coefficient (f.) 0.15
Oil viscosity (x) 0.00365 Pa - s
Refreigerant {R12» {R134a) {R600a)
property Gas constant (R,) 68.8 J/kg - k 81.5 J/kg - k 143.1J/kg-k
Enthalpy difference at evaporator (dhes.) | 34.1 kcal/kg 44.4 kcal/kg 80.3 kcal/kg
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Table 2 Comparison table of the simulation
result vs. experiment result.

Experiment{Simulation Srerfrtwe
Cooling capacity
. 275.0 271.9 1.12
(Kcal/h) %
Input power (W) | 258.8 251.2 2.9%
COP 1.24 1.26 1.6%
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S1s ;(/\ ........... Pa(HFCIIE) |
g ) Pd (CFCiZ)
3 CFC12
S0 -------- HFC134a |
I Pd (HCB00a ) HC6o0a
5
c 0514\ NN E
z B8 (CFC12) g (HEC134a
\ - Ps 6003)
0.0 - S
o 2 8 8 10

4
Cylinder volume ( ¢c )

Fig. 5 P-V diagram.
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Table 3 Indicated adiabatic efficiency variation
according to the refrigerants application
in the same compressor.

. CFCl12 [HFC134a HC600a

Indicated adiabatic
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Tahle 4 Variation of mass flow rate and cooling

capacity.
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