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Computer Simulation and Shape Design Sensitivity Analysis of the Valve

inside the Reciprocal Compressor using Finite Element Model
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ABSTRACT

The goal of this research is the shape design of the valve using a computer simulation. For an analysis, a
basic mathematical model describing compression cycle is considered as consisting of five sets of coupled
equations. These are the volume equation (kinematics), valve dynamic equation (dynamics), ideal gas equation
(thermodynamics), Bernoulli equation (fluid dynamics), and dynamic equation of fluid particle based on
Helmholtz equation (acoustics). Valve motion is made by the superposition of free vibration modes obtained by
the finite element method. That is, the eigenvalues and eigenvectors are the sufficient modeling factors for the
valve in the simulation program. Thus, tc design a shape of the valve, shape design sensitivity through chain-
ruled derivatives is considered from two sensitivity coefficients, one is the design sensitivity of the capability of
compressor with respect to the eigenvalues of the valve, and the other is the design sensitivity of the eigenvalue
with respect to the shape change of the valve. In this research, the continuum design sensitivity analysis
concepts are used for the latter.
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Fig. 1. Simple schematic diagram of the compressor
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Volume equation in the cylinder
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Valve dynamic equation
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Bernoulli’s equation through the valve and port
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Fig. 2. Schematic diagram of the valve and port
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Thermodynamic equation in the cylinder
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Computer simulation
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Fig. 3. P-V diagram
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Sensitivity of the capability of compressor with
respect to the eigenvalue
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Table. 1. Sensitivity of the capability of compressor with
respect to the eigenvalues of bending
2* bending 3“ bending
1.32480e-06 1.47697e-06

1* bending
1.09856¢-08

Shape sensitivity of the eigenvalues
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Fig. 4. Design velocity fields for the shape sensitivity
analysis
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Table. 2. Shape sensitivities of the eigenvalues

Global shape design sensitivity
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Table. 3. Sensitivity verification for both DV1 and DV2
Perturbation Y(d +6d) Y(d -6d) . - Accuracy

[%] [Pa] [Pa] a (w/aw) [%)
0.1 1.674205e+4 1.669880e+4 432.5 442,56 102.32

0.01 1.672318e+4 1.671881e+4 436.9 ’ 101.29

* Ay = Y(d +5d) - ¥(d - 5d)  central finite difference and ¥’ is an analytical sensitivity result.
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