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Modeling and Analysis of Trans-critical CO, Reciprocating Compressor

Hu Jian'>  Zhang Chunlu'
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201804 ,China; 2. China R&D Center, Carrier Corporation, Shanghai, 201206, China)

Abstract A comprehensive physics-based model for a semi-hermetic CO, reciprocating compressor is presented. The model is composed
of two major sub modules, the thermal module and the mechanical module. The thermal module is used to simulate the vapor compression
process inside the cylinder, while the mechanical module is to simulate the frictional loss happened in the bearing connected to the cylin-
der. Extensive experimental validation of the compressor model were carried out for a CO, prototype compressor under different operating
conditions. The maximum deviations of mass flow rate and power consumption are within 3% and 8% , respectively. Furthermore, para-
metric study was conducted to investigate the compressor performance as a function of the stroke-to-bore ratio and the gap between cylinder
and piston under different operating conditions. The results indicated that there is an optimal stroke-to-bore ratio under different operating
conditions. Both volumetric efficiency and isentropic efficiency fall with the increasing compressor speed. There are optimal diameters for
suction and discharge valves. On the volumetric efficiency, the gap between suction valve and valve seat has heavier impact than the gap
between discharge valve and valve seat, while the gap between piston and cylinder has greater impact than the gap between cylinder and
cylinder ring. The analysis would help further improvement on the compressor design.

Keywords trans-critical CO, ; reciprocating compressor; model; simulation; analysis
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ratio and evaporating temperature

0.6
XXxxxXxxx
xxxxxXxx
XXX %% x x %
0.5
M AAAA
= . AAAAAAAAAAAAAA
& °°°°°ooooo° asdaa
# 9%00pagpg ooooooo°°°oo
04+ DDDDDDDDDDDDDDD
AT =-10C ©oT.=0C
87 =5C xT.=10C
0'3 1 1 1 1 1 J
0 0.5 1 1.5 2 2.5 3
HARATRE L

B 5 SN ERIFTREILMZLBRENTN
Fig. 5 Isentropic efficiency at different stroke-to-bore
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discharge valve and evaporating temperature
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