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Prediction of the performance of a reciprocating
compressor taking fluid-solid interaction into account
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Abstract

The reciprocating compressors are widely used in industrial fields for its simplicity in prin-

ciple and high efficiency. But the design of it requires rigorous experiments due to its high

dependence on many design parameters.

In this work, a mathematical model is developed so that we can analyze the gas-solid inter-

action during the whole working processes of a reciprocating compressor. The governing

equations, which represent the fluid-solid interaction, was derived from the unsteady Ber-

noulli’s equation with the assumption of quasi-steady working process. The valve itself was

assumed to be a one degree of freedom spring-mass-damper system. A simple thermodynam-

ic relation, the ideal gas state equation, was used to give it an external force term assuming

that the refrigerant behaves like an ideal gas.

It was suggested to use a motor of higher driving frequency to enhance the performance

of the reciprocating compressor without causing a faster failure of the valve.
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properties input data properties|  Input data
P, 1.1525¢5 [Pa] P, 1.4684e6 [Pa]
T, 335.5 [K] T, 368.0 [K]
T 2.85 [mm] T, 2.50 [mm]
i 2.72 [mm ] t 1.78 [mm}
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& 0.03268 & 0.20
m 1.335% —4 [ke] R 81.486 [J/kg K]
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v 0.9e—7 [m’] Yo 1 [mm]
A 0.2049 T, 401.7 [K]

* damping ratios;the subscripts ‘5" and ‘d’ mean
suction and discharge valve, respectively
** natural frequency of diacharge valve
*** chearence volume of the cylinder
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