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Figure 1 Check valve structure and

pressure boundary diagram
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Figure 2 Schematic diagram of single cylinder system

of swash plate air compressor
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Table 1 Model parameters of compressor
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Figure 3 Instantaneous mass flow rate of valve gap
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Figure 4 Gas pressure in the plunger chamber
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Figure 7 Influence of rotate speed on

work performance
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Figure 8 Influence of intake valve spring stiffness
on work performance
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Figure 9 Influence of exhaust valve spring stiffness
on work performance
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Figure 10 Influence of intake valve spring preloaded
quantity on work performance
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quantity on work performance
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compressor performance
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compressor check valve system
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Table 3 Particle swarm optimization parameter
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Table 4 Optimization of various parameters at variable speed
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model modified by Koeller's spring-pot element was introduced to describe the viscoelastic deformation of soil,
and the non-Darcy flow equation described by non-Newtonion index was introduced to describe the pore water
flow during consolidation. The one-dimensional rheological consolidation equation of saturated clay under semi-
permeable boundary was re-derived. The numerical solution of consolidation equation was obtained by the im-
plicit finite difference method. The effectiveness of the numerical method was verified by comparing with the
results of degradation models in related literature. On this basis, the effects of the parameters of semi-permea-
ble boundary, non-Darcy flow and fractional-order Merchant’s rheological model on rheological consolidation
process were investigated. The calculation results illustrated that the increase of semi-permeable boundary pa-
rameter could accelerate the dissipation of pore pressure and settlement of foundation. In the parameters of the
fractional-order Merchant model, the order of fractional derivative and the viscosity coefficient have more sig-
nificant effects on the settlement rate of foundation, and the influence on the settlement rate of foundation is
mainly concentrated in the middle and late stages of consolidation process. The ratio of modulus of Kelvin's
body to independent spring had a major effect on the consolidation process in the middle stage, and with the
increase of modulus ratio, the consolidation process of foundation gradually accelerated. In addition, the con-
solidation rate of soil layer was delayed by non-Darcy flow, and the consolidation of layer was gradually slowed
down with the increase of non-Newtonian index.

Keywords: saturated clay; rheology; semi-permeable boundary; fractional derivative; non-Darcy flow; finite

difference method
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Characteristic Analysis and Optimization Design of Check

Valve for Small Multistage Air Compressor

SU Zhijian, CHEN Chen

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to solve the problem of valve difference caused by multistage small air compressor, the
check valve was applied to carry out flow distribution, the influence of one-way valve parameters on the dis-
placement and pressure pulsation of swash plate compressors was studied, and the valve parameters and com-
pressor speed were optimized. Firstly, the mathematical models of single cylinder of one-way valve and swash
plate air compressor were established, and then the influence rules of speed and valve parameters on compres-
sor exhaust volume and pressure pulsation were obtained by changing the rotational speed, spring stiffness and
preload of inlet and outlet valves. At the same time, in order to reduce the pressure pulsation and improve the
exhaust volume as the goal, the particle swarm optimization algorithm was used to optimize the multistage air
compressor, the optimal speed and valve parameters being be matched for each stage of the cylinder were ob-
tained. Then the overall speed was determined, and the optimal parameters of each stage of the cylinder valve
were optimized when the speed was consistent. The results showed that the parameters of the inlet valve had a
greater effect on the exhaust volume and pressure pulsation than exhaust valve. Increasing the spring stiffness
and preload of the inlet valve would reduce the pressure pulsation and exhaust volume, while increasing the
stiffness and preload of the exhaust valve would increase the pressure pulsation. In addition, the pressure pul-
sation of all cylinders was reduced by 26. 5% and 36. 1% respectively, and the displacement volume increased
by 66.9% and 48. 9% , respectively.

Keywords; multistage air compressor; check valve; characteristic analysis; particle swarm optimization ; sim-

ulation



