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Influence of the constructive parameters for long stroke
piston unit on a stressed deformed cylinder state

I P Aistov, K A Vansovich
Omsk State Technical University, 11 Mira ave., Omsk, 644050, Russia

Abstract. This article assesses the influence of the long stroke piston unit design parameters
for the stress-strain state of the cylinder slow-speed stage. The stress-strain state estimation for
the piston compressor cylinder slow-speed stage with a cylinder diameter equal to and more
than 50 mm, show a significant increase in gaps and leaks in the cylinder-piston pair is
observed, as well as an increase in equivalent stresses in the cylinder walls to the value of the
yield strength of the wall cylinder material. The analysis allows for optimal engineering of the
piston compressor cylinder slow-speed stage for the most promising designs.

1. Introduction

Slow-speed long-stroke piston units (piston stroke cycle time © = 0.5 ... 5's; frequency f <2 Hz), in
particular, compressors, have good prospects for use in the presence of specific requirements, for
example: operation at low noise and vibration levels; the possibility of using piston-type compressors
as oil-free, in those cases when low productivity is required (up to 5 - 10 m%s) and the pressure of the
working fluid is more than 3 MPa [1], [2], [3]. A design feature of long-stroke piston units is an
increased cylinder length: the relative length indicator is yw = S/d, =5 ... 20 (S is the piston stroke, m;
d. is the cylinder diameter, m) [4].

In [5], [6], [7], [8] the influence of the working processes of compressor stages upon compression
of various gases for the temperature of the working fluid, and, therefore, on the cylinder walls
temperature, is shown. In [9], [10], [11] a significant effect of the cylinder walls temperature for a
low-speed compressor on their stress-strain state was shown, primarily for the gaps size in the
cylinder-piston pair [5], [6]. In [12], the analysis of the gaps in the cylinder-piston pair of low-speed
long-stroke piston units depending of the parameter v = S/d. and their influence the delivery
coefficient for the compressor and pump is presented.

Therefore, analysis of the influence of the piston units design parameters, namely, the stroke S and
the piston diameter d. of the low-speed stage for the cylinder walls stress-strain state is an urgent task
to develop new variants of the low-speed stages piston units.

2. The problem formulation

This article discusses the influence of the long-stroke piston unit design parameters (piston stroke S,
cylinder diameter d.) for the cylinder walls stress-strain state of a low-speed stage piston unit
depending of the working pressure in the discharge chamber and the cylinder wall temperature. The
study was performed using the ANSYS Workbench Mechanical software package (ANSYS WM). The
program allows you to take into account various types of loads (changes in internal pressure and
temperature) along the length of the cylinder walls and the conditions of contact between the moving
elements of the unit.

The level of the cylinder walls stress-strain state for the of the piston unit primarily depends of the
operating pressure in the discharge chamber to ensure the required unit delivery coefficient (accepted,
Pais = 10 MPa) and wall temperatures, which are determined according the indicator diagram for
specific values of the piston stroke S and cylinder diameter d. for the piston unit. The values to be
studied are the radial displacements in the region of the cylinder-piston pair AR, which determine the
size of the gaps and, consequently, the leakage of the working gas, as well, this parameters influence
the equivalent stresses o in the cylinder walls of the low-speed stages of the piston units (Table 1).
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3. Theory

The calculation model of the long-stroke piston unit, as already noted, is based the ANSYS
Workbench Mechanical software package (ANSYS WM). Features of constructing a finite element
model in ANSYS WM software package for assessing the stress-strain state of the low-speed stage
cylinder walls piston unit under internal pressure loading of the working medium in the discharge zone
and taking into account the temperature distribution of its walls are given in [15], [16], [17], [18], [19],
[20].

The model is simplified compared to the actual design of the unit. The main elements of the low-
speed piston unit model are: thin-walled cylindrical shell, pinched in two supports, and piston with o-
rings. In the calculation model, the rigidity of the supports was not taken into account, and their
pinching was modeled by the «Fixed Support» team. The movable contact between the wall of the
inner wall of the cylinder and the piston seal of the unit is set by the boundary condition «Frictional»
(friction coefficient f = 0.2). Figure 1, as an illustration, shows the finite element mesh of the piston
unit cylinder. The mesh of finite elements was generated in the Mesh Sizing procedure automatically
using standard PC tools ANSYS WM according to user-defined parameters of the finite element:
element type — 10-node tetrahedron; the edge size of the tetrahedron ranged from 0.5 mm to 2 mm.

0,00 40,00 80,00 {rrire)
I 00 a0

20,00 £0,00

Figure 1. Finite element grid for modeling a piston unit in ANSYS WM PC

To take into account the influence of the temperature on the cylinder walls stress-strain state, the
calculation model provides for a preliminary solution in the ANSYS WM PC package of the
thermostatic task using the standard «Steady-State Thermal» module.

4. Results of calculation

Table 1 and Figure 2 show the results of calculations of radial displacements AR and equivalent
stresses oy in the cylinder walls for the studied ranges of design parameters of long-stroke piston
units, namely: cylinder diameter d. = 0.02 m, 0.05 m, 0.08 m; and, the piston stroke S=0.2 m, 0.5 m,
0.8 m. The value of the cylinder wall temperature Tw was taken to be equal to the temperature of the
working fluid depending on the discharge pressure pgis = 10 MPa according to the working chart [21].
This assumption is caused by the high thermal conductivity of the cylinder walls material (in the
calculations it was accepted — Steel 40X) and the condition that there is no cooling of the cylinder
walls for the piston unit. Figures 3 and 4 show the results of calculating radial displacements AR
(Figure 2) and equivalent stresses c¢, (Figure 3) in the ANSYS WM PC for cylinder diameter d. =
0.02 m, 0.05 m, 0.08 m and piston stroke S=0.5m.
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Table 1. Radial displacements AR and equivalent stresses o4 of the piston unit cylinder walls

Cylinder Piston stroke S=0.2 m Piston stroke S=0.5m Piston stroke S=0.8 m
diameter Tws Oeq AR, Tws Oeqs AR, T, Ceqs AR,
de, mm oK MPa mm ’K MPa mm ’K MPa mm
20 380 272 0.017 370 239 0.016 430 240 0.016
50 405 390 0.045 400 377 0.056 430 350 0.052
80 430 636 0.101 430 557 0.114 420 545 0.110
AR, mm Oeq, MPa

0.120 700
: 600

5
0,080 00
400
300
0,040 200
100
0,000 0
20 40 60 80 20 40 60 80
de, mm de, mm
—+—$=200mm -+ s=500mm s =800 mm ——s5=200mm -+ s=3500mm s =800 mm
a) b)

Figure 2. The results of the calculation in the PC ANSYS WM (discharge pressure pgis = 10 MPa):
a) the radial displacement AR of the piston unit cylinder walls, mm;
b) equivalent stresses c¢q in the piston unit cylinder walls, MPa

The calculation results (Figures 2 and 3 are the radial displacements AR of the piston unit cylinder
walls; Figures 2 and 4 are the equivalent stresses o in the piston unit cylinder walls) are given for the
most promising designs of long-stroke piston units. The considered options of design parameters
(namely: piston cylinder diameter d. = 0.02 m, 0.05 m, 0.08 m; piston stroke S =0.2 m, 0.5 m, 0.8 m)
of long-stroke piston assemblies are due to the fact that at a relatively low piston stroke speed
(frequency the piston stroke f < 2 Hz) it is necessary to provide the flow rate of the working fluid for
the piston unit. It is obvious that, in this case, units with higher values of the diameter of the cylinder
and the stroke of the piston can be considered the most promising structural options for long-stroke
piston units.

The results of calculations of the stress-strain state for the cylinder low-speed stage long-stroke
compressor unit show a significant increase in the radial displacements of the cylinder walls AR to
60 ... 80 um and the equivalent stresses in the cylinder walls of ¢, up to 400 MPa for units with a
cylinder diameter of more than 50 mm.
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Figure 3. Radial displacement of the piston unit cylinder wall, mm
(piston stroke S = 500 mm; discharge pressure pgis = 10 MPa)
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Figure 4. Equivalent stresses of the piston unit cylinder wall, MPa
(piston stroke S = 500 mm; discharge pressure pgis = 10 MPa)
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5. Conclusion

The results of the analysis of stress-strain state for the cylinder low-speed stage long-stroke
compressor unit show:

— an increase in the cylinder walls radial displacements of the for units with a cylinder diameter
equal to or more than 50 mm will lead to an increase in gaps and leaks in the piston-cylinder pair,
which significantly affect the working processes of piston units [12]. Evaluation of the actual values
gaps in the piston-cylinder pair is very important for clarifying the calculation methods of the piston
units working processes. In addition, the use of various sealing options, in particular lip seals, can be a
constructive solution to compensating for gaps.

— the growth of equivalent stresses in the cylinder walls reaches values up to 400 MPa for units
with a cylinder diameter equal to and more than 50 mm, which corresponds to the level of wall
material yield strength (stainless steel, in calculations, Steel 40X). Due to the fact that the increase in
the cylinder walls stress level for the piston unit is primarily due to temperature influences from the
working fluid side, it is recommended to use the cooling system for the low-speed stage cylinder walls
of the piston unit.
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