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ABSTRACT: Analytical investigation on the performance of a two stage twin rotary com-
pressor for COz heat pump water heater system has been carried out. A computer simulation
program was made based on analytical models for gas compression in control volumes, leak-
ages among neighboring volumes, and dynamics of moving elements of the compressor. Cal-
culated cooling capacity, compressor input, and COP were well compared to those of experi-
ments over the compressor speeds tested. For the operating condition of suction pressure of 3
MPa, and discharge pressure of 9 MPa, and compressor inlet temperature of 35C, the com-
pressor efficiency was calculated to be 80.2%: volumetric, adiabatic, and mechanical efficiencies
were 88.3%, 93.2%, and 92.7%, respectively. For the present compressor model, volumetric and
adiabatic efficiencies of the second stage cylinder were lower by about 6~7% than those of
the first stage mainly due to the smaller discharge port at the second stage. Parametric study
on the discharge port size showed that the compressor performance could be improved by
3.5% just by increasing the discharge port diameter by 20%.

Key words: Twin rotary compressor(E9l &2 ¢%7]), Two-stage compression(2® ¢4%),
Compressor input(%%7] 98), Cooling capacity(X 5% %), COP( & A %)
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Fig. 1 Schematic of twin compressor.
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Fig. 3 Forces acting on the roller.
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Fig. 5 Forces acting on the crank shaft.
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Table 1 Comparison of compressor performance

Freq [Hz] Q. [kW] W, [kW] COP .
Exp. S/W  |Error [%]| Exp. S/W  |Error [(%]] Exp. S/W  |Error [%]
60 1.84 1.742 -5.32 0.864 0.828 —4.17 2.13 2.105 -1.17
80 2.429 2.385 —1.81 1.196 1.184 —-1.00 2.03 2.014 -0.79
100 3.121 3.026 —-3.04 1.618 1.617 -006 | 193 1.872 -3.01
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Table 3 Loss breakdown

& o =3
g2le A&=s} vhg Y] dEeln. A=A Total adiabatic work | 100% (664.59 [W1)
130°~185° B2 AT ¢ 0~02m/se] HHolA
1st 2nd
Adiabatic work stage stage
Table 2 Performance of CO2 two-stage twin 5254 47.46
rotary compressor Suction loss 012 | 012
Notations Values Over-compression loss 257 5.74
Ny 88.32 [%] (89.03 [%], 82.71 [%]) Vane/Roller 0.03 0.02
Tad 93.23 (%] (96.29 [%], 90.29 [%]) Vane/Slot 1.75 092
Nmech 92.69 [%] Roller/Eccentric | 1.32 173
Neomp 80.19[%] Mechanical| Thrust surface 0.02
W, 0.828 [kW] loss Main bearing 146
Q. 1.742 [kW] Sub bearing 1.19
P 5.63 [MPa} Total mechanical 8.45
COP 2.105 loss )
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Fig. 12 Effects of suction pressure on compressor performance.
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