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ABSTRACT -

Valves with pneumatic chambers for reciprocating comprossors are Kncwn as
"damped valves” (ref; Fig.l and Fig.2). These are capable of reducing hard
impact force on the valve seat and valve stopper, which is one of the causes of
damage to the valve plates and valve springs, Because of merits like this.
damped valves are widely used. However, the spacifications of the damped
valves have been empirically decided, and their dynamic behaviour has not heen
examined in detail in a theoretical study.

This paper describes the dynamic behaviour of valves with pneumatic
chambers [or reciprocaling COmpressors. The characteristics of the dynamic
behaviour of the damped valves were clarilied by caleulaling nowly deribed
governing equations of valves dynamics, including {he characteristics of the
pneumatic chambers, The eguations of pressure fluctualion al both sides of the
valves are based on Costagliala’s" processes, which applied one-dimensional
compressible flow in a nozzle. Puthermore, we derived Lhe following term and
equations;

(1) the term for pre Joad of the valve spring.

) the equalion of gas pressuré flyctuation in poeumatic chambers.

(3 the equation of gas pressure [luctuation which ¢ mn b also applied when
pressure pulsations exist on the discharge side or surtion side,

(4) the equation of gas pressure fluctuation when the gas {fos backeard.
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The valve behaviour was calculated by vsing the Runge-Kutra-Gi 1 method.
and studied by changing variahles such as the volume of the peumatic. chambers,
the clearance between Lhe pneumatic chamber and the valve plate, compresgor

speed, gay density, Lhe stiffness of the valve spring. and Lhe valve 1ift.,

From the calculated results, the following becoms appareni:

() the volume of lhe poeumatic chambers and the clearanie batwoon Lhe: pneumatic
chamber and the valve plate lave 4 large influence on Uk impa L spend of (e
valve {ref: Fig.3, Fig.4, Table 1 and Tabje 2.

the valves tend to close laler for a higher compressor speend and Lo oseillale

@

=

al a larger amplilude for a lower Jonsily of gas, such 48 hyilrogen,
Therefore. the valve specificalions, such as the siiffness of the vilve spring

and the valve 111, musi be carefully chosen.

This method has wide applicalion since tho dyramic behavicur of valver
without pneumatic chambers can be also ralculated,

1) Costagliola, M., Trans. ASME, J. Appl. Hoch., (1950), 17. No.4, 415
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Fig. 4 Valve displacements

(influence of clearance)

Table 2 Impact speed of valves
{(influence of clearance)

Clearance lopact speed o/ 5
ratio & Dis, valve Sug, valve
0.01 858 823
0.02 1454 13168
0.05 2153 1669

Table 1 Impact speed of valves

(influence of chamber volume)

Chamher volume Inpact speed om,/ s
ratio A Dis. valve Suc, valve

L6 1454 1316

3 1689 1515

16 1898 17168
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