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Analysis of the Dynamic Behavior and Lubrication Characteristics
of the Piston-Cylinder System in Reciprocating Compressors

Tae-Jong Kim'

School of Mechanical Engineering, Pusan National University

Abstract — In this study, a numerical analysis for the piston secondary dynamics and lubrication characteristics of
small refrigeration reciprocating compressors is presented. In general, the length of cylinder in this class of com-
pressors is shortened to diminish the frictional losses of the piston-cylinder system. So, the contacting length between
piston and cylinder wall is in variable with the rotating crank angle around the BDC of the reciprocating piston. In
the problem formulation of the piston dynamics, the change in bearing length of the piston and all corresponding
forces and moments are considered in order to determine the piston trajectory, velocity and acceleration at each step.
A Newton-Raphson procedure was employed in solving the secondary dynamic equations of the piston. The devel-
oped computer program can be used to calculate the entire piston trajectory and the hydrodynamic forces and
moments as functions of crank angle under compressor running conditions. The results explored the effects of the
radial clearance, lubricant viscosity, and pin location on the stability of the piston, the oil leakage, and friction losses.

Key words — reciprocating compressors, piston secondary dynamics, hydrodynamic lubrication, piston trajectory,

oil leakage, friction loss.
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Fig. 1. FBD of the reciprocating piston for the
secondary dynamic analysis.
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Fig. 2. Grid system for FDM analysis.
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Fig. 3. Flow chart for the calculation procedure.
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Table 1. Design parameters of the reciprocating com-
pressors and baseline values used in the simulation

Mass of the piston (m,) 0.043 kg
Moment of inertia of the piston (Z,) 3.93%107° N'm's’
Radius of the piston (R) 11.5 mm
Length of the piston (L) 22 mm
Length of the cylinder (CYL) 28.85 mm
Rotating radius bet.ween crankshaft 75 ﬁlm
center and crank-pin center (R,)

Radial clea.rance between the piston 4 um

and the cylinder wall (C)

Lubricant viscosity (4) 5 mPas
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Fig. 4. Applied force 7. and oil film reaction force F,
versus crank angle 6 of one revolution.
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Fig. 5. Frictional moment M; and oil film reaction
moment M, about the piston pin versus crank angle 8
of one revolution.
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Fig. 6. The x direction orbits at 4 locations of the
reciprocating piston.
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Fig. 7. Comparison of the orbits variation in the radial
clearance between piston and cylinder wall.
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Fig. 8. Comparison of the friction forces variation in
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Fig. 9. Comparison of the instantaneous oil leakage
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Fig. 11. Comparison of the friction forces variation in
the lubricant viscosity.

02

6 (deg.)

Fig. 12. Comparison of the orbits at the piston top
location and bottom location and the piston tilting
angle variation in the location of piston pin.
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Fig. 13. Cycle averaged power consumption and oil
leakage as a function of the radial clearance and a
function of the lubricant viscosity.

Table 2. Friction loss, oil leakage, and minimum oil
film thickness on various values of the oil viscosity
and radial clearance

Classification . Minimum
Power Oil .
Parameters . oil film
— consumption leakage .
Viscosity Clearance 3 thickness
(W) (cm/h)
(mPa's)  (um) (um)
2 14.115 8.460 1.661
5 3 10.414 3412 2.063
4 8.393 8.701 2.739
5 7.744 17.571 3.145
7.768 11.372 2.479
8.393 8.701 2.739
4 10.948 5.713 2.710
10 14.286 3.440 3.123
15 20.764 2.091 3.505
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