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ABSTRACT 

To establish the mass flow to a reciprocating compressor there are several relationships 

used in the construction and analysis of these types of compressors. The use of 

relationships is based on the geometric elements of the compressor. It is also necessary to 

know the composition of the gas and the operating conditions with which: the adiabatic 

exponent, the volumetric efficiencies and the compressibility factor are determined. The 

paper aims to establish the compressor mass flow with the help of modern means. The 

modeling was done in the LMS Amesim program. We use elements from the library of 

program to create a virtual model of the compression system. A comparison is made with 

the results obtained by the classical methods. The results show that there are no big 

differences between the values of the mass flow obtained through the usual relations and 

those obtained based on the realized model, that includes the main elements necessary for 

a precise calculation. However, the proposed method opens a wider horizon of 

understanding of the compression system through direct correspondence with the real 

model and the graphical possibilities of displaying the time variation of the system 

characteristics.  

Keywords: reciprocating compressors, mass flow, LMS Amesim 

 

INTRODUCTION 

Many countries are currently installing liquefied natural gas terminals, making the 

transition to carbon-free economies and/or adapting to current political changes. Piston 

compressors are energy-intensive equipment in liquefied natural gas import/export 

terminals. While reciprocating compressors are widely used, volumetric and energy 

efficiency estimation models have some shortcomings. Some process simulators, such as 

Aspen HYSYS or Unisim, are not properly equipped to rigorously simulate them [1]. The 

paper presents a procedure for the development of empirical models for predicting gas 

flow and mechanical work consumed, based on the process information and actual 

operational data. Pérez-Segarra in [2] performs a detailed analysis of the different 

efficiencies commonly used for the characterization of reciprocating compressors: 

volumetric efficiency, isentropic efficiency, mechanical efficiency and total efficiency. A 

procedure is presented for understanding the structure of these yields in their main 
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components, in order to obtain a deeper perspective on the general behaviour. The 

developed procedure is a useful tool for comparison purposes, to characterize 

reciprocating compressors and to help the designers of these dynamic equipment. In [3] 

Roskosch introduced a model of reciprocating compressor that predicts volumetric and 

isentropic efficiency. In order to characterize the influence of different fluids, two semi-

empirical correlations are provided for the flow rates through valves and a procedure for 

their use in different types of reciprocating compressors is presented. The model is 

validated by 63 points measured from the compressor. The calculations lead on average 

to prediction errors of 3.0% for isentropic yield and 2.3% for volumetric yield. One of the 

main factors affecting the efficiency of the reciprocating compressor is the heat transfer 

inside the cylinder. An analysis of heat transfer can be performed using numerical models 

or integral correlations. However, the accuracy of the methods is not fully verified due to 

the complicated experimental configuration. Tuhovcak in [4] analyses the effect of heat 

transfer on the efficiency of a reciprocating compressor. Various integral correlations 

were compared for different compressor settings and working gas compositions. The 

CoolProp library was used to obtain the properties of coolants and common gases. A 

comparison was made using the programs developed in Matlab, based on the first law of 

thermodynamics. The results of the theoretical analysis of the working process of the 

long-stroke cooling compressor with a high single-stage gas compression ratio are 

presented in the article [5]. The calculation method is based on the mathematical 

modelling of the working processes of the piston compressors. The influence of heat 

exchange processes through the walls of the working chamber, the processes of gas flow 

through the interior spaces of the compressor near the valves, the process of expansion of 

the free volume gas and the compressibility of the gas are taken into account. The average 

temperature of the injected gas was considered the efficiency criterion of the thermal 

working conditions. The paper [6] proposes a method for evaluating the performance in 

the reciprocating compressor used for natural gas. The analytical formulas of the different 

energies and yields for the compressor drive motor and for the reciprocating compressor 

are presented based on the energy balance equations. The experimental methods and 

parameters necessary for the calculation of energy efficiency are specified. Experimental 

tests on the motor compressors and separately on compressor and motor were performed 

under different operating conditions. According to the 4D rule for establishing the 

minimum allowable efficiency of the natural gas reciprocating compressors are 

recommended: testing of thirty-one moto compressors and twenty separate compressors 

selected at random. The results show that the minimum efficiency of the gas engine is 

25%, of the piston compressor 85% and of the compressor motor group of 16%. The 

studies have been extended to the linear motors that convert the energy of high pressure 

gas from the pressure reducing stations at the conveyor-distributor interface. The potential 

energy of the high pressure gas is reduced in the natural gas pressure reducing stations 

when the gas passes through the reduction valves. One way to recover this energy is to 

use a reciprocating expansion motor coupled with an electric generator. The generator is 

able to produce electricity as the pressure drops by recovering potential energy. In the 

paper [7] was presented an advanced numerical simulation for the thermodynamic 

modelling of the alternative expansion engine with simple action on natural gas in 

different working conditions for high pressure ranges. The simulation was performed to 

understand the effects of different parameters and to improve engine performance. Some 

geometric parameters such as suction diameter, piston diameter, crank radius, connecting 

rod length, speed were used in this research to calculate the linear motor efficiencies. 
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Another use of thermodynamic process investigations inside a piston compressor 

cylinder, based on the volume pressure diagram, is to identify typical faults in industrial 

piston compressors, such as leaks through sealing rings and loosening and fluttering of 

the self-acting valves. The paper [8] proposes a new non-destructive method of recording 

the p – V diagram of the reciprocating compressor by measuring the deformation of the 

piston rod. An algorithm was proposed for the reconstruction of the p – V diagram based 

on the characteristic key points on the load curve of the piston rod. The reconstructed        

p – V diagrams were used to diagnose piston compressor failures being a non-destructive 

monitoring tool for piston compressor failures. In the paper [9], a theoretical analysis was 

performed to simulate natural gas piston compressors, based on the first principle of 

thermodynamics. To calculate the thermodynamic properties of natural gas based on the 

real gas model, the AGA8 state equation was used. Numerical results validated with the 

measured values showed a good concordance. The effects of important parameters such 

as: angular velocity, dead space and compression ratio on the compressor performance 

were studied. The results reveal that the gas temperature for the ideal gas model is higher 

than of the real gas model. The mass flow and mechanical work consumed for the real 

gas model is higher than for the ideal gas model. The article aims to determine the mass 

flow of a piston compressor based on a numerical model made in the LMS Amesim 

program. The numerical model is a virtual replica of the real model of the reciprocating 

compressor. The simulation includes the calculation of the volumetric and isentropic 

efficiencies of the compressor, during the compression and heat exchange process. This 

paper simplifies to some extent the approach to the issue using the component library of 

the LMS Amesim program. However, the construction of the model does not mean a 

reduction of accuracy, because the procedures based on the models recognized in different 

related disciplines used, with an appropriate mathematical apparatus are integrated in it. 

A major advantage that we emphasize is the indication of the status of the model, which 

shows the changes in the variables that characterize the system (33 in number) in 

accordance with its operation. In this way, the treated model can be better understood and 

correct modification decisions can be made, in order to increase the energy performance 

of the compression system. The screw compressors tend to replace the reciprocating 

compressors where possible. Interesting aspects related to the problem of their using can be 

found in [10-13]. 

THE MATHEMATICAL MODEL 

As shown in the bibliographic study, some of the modern orientations are towards virtual 

mechanisms that reproduce the operation of real equipment and allow a better 

approximation of real working conditions. The model of the compression system shown 

in Fig. 1 contains the typical elements necessary for the operation of a compressor : the 

conditions (temperature and pressure) at the entrance to the compression station; 

conditions (temperature and pressure) at the exit of the compression station; anti-

pulsating bottle at the inlet and outlet of the compressor cylinders; heat exchanger for 

cooling the gas between the compression stages; the two double-acting cylinders for two-

stage compression; connecting pipes. The basic element of the scheme is the compressor 

cylinder which has a construction made in accordance with the actual equipment and a 

corresponding mathematical model, described below, Fig. 2. In Fig. 2 you can see the two 

links to the system output (1) and input (2). The cylinder model includes: valves, at which 

the pressure drop is set depending on the flow rate and flow area; the element enabling 

the characteristics of the gas to be traced; compressor cylinder; simplified model of the 



Romanian Journal of Petroleum & Gas Technology 

VOL. III (LXXIV) • No. 2/2022 

 

 

 

8 

crank connecting rod drive system. A gas consisting entirely of methane was used. The 

program can use gas mixtures of up to 8 components, but the execution time increases. 

  

Fig. 1. Diagram of the compression system made in the LMS Amesim program. 

 

 

 

 

Fig. 2. Diagram of the compressor cylinder in the LMS 

Amesim program. CE crank end, HE head end. 

Fig. 3. The main variables that 

characterize the pneumatic cylinder: a. at 

the pneumatic chambers: temperature; 

pressure; enthalpy; mass flow, b. at the 

rod: force, speed, displacement. 
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Regarding the model of the pneumatic cylinder it allows the introduction of geometric 

elements: the diameter of the piston, the stroke, the diameter of the rod, the volume of the 

dead space that can differ in the two chambers of the piston. Also can be introduced: the 

friction on the piston; the flow rate of losses along the piston; the coefficient of viscous 

friction in the liquid; the damping at the end of the stroke. The pneumatic cylinder as a 

system element includes, Fig. 3, the variables evaluated during execution, Table 1. The 

geometrical elements and coefficients of loss, friction, deformation are given in the Table 

2. The model takes into account the initial position of the piston 𝑥𝑎𝑐𝑡0. The displacement 

of the piston is denoted by 𝑥𝑎𝑐𝑡. The pressure at the connections of the pneumatic 

cylinder is a gauge pressure. The calculation of the characteristics of the gas and the mass 

flow rate at the working pressure and temperature is made using the absolute pressure. 

The force is calculated using gauge pressure. The piston rod force due to viscous friction 

is given by the relation (1), where the 𝐴1 is the area of the cross-section of the piston on 

which the 𝑝1 pressure acts and 𝐴2  the annular area on which the pressure acts 𝑝2. The 

piston speed and the viscous friction coefficient were denoted by 𝑣 and 𝑣𝑖𝑠𝑐 respectively. 

There will be an additional force if the piston is in contact with any of the final stops. 

Therefore, there are three distinct modes of operation: on the lower stop if 𝑥𝑎𝑐𝑡 ≤ 0; on 

the upper stop if 𝑥𝑎𝑐𝑡 ≥ 𝑠𝑡𝑟𝑜𝑘𝑒, the piston stroke was denoted by stroke; no stops 

otherwise.The force at the piston rod is: 

𝑓𝑟𝑜𝑑  =  𝑝1  ∙  𝐴1  − 𝑝2  ∙  𝐴2   +  𝑣 ∙   𝑣𝑖𝑠𝑐 ( 1 ) 

If the mode of work is on the lower stop, the next term is added to 𝑓𝑟𝑜𝑑: 

−𝑘𝑐  ∙  𝑥𝑎𝑐𝑡 +  𝑣 ∙ 𝑐𝑑𝑡𝑜𝑢𝑠𝑒1 ( 2 ) 

where the friction coefficient  𝑐𝑑𝑡𝑜𝑢𝑠𝑒 is: 

𝑐𝑑𝑡𝑜𝑢𝑠𝑒1 = 𝑘𝑐 [1 − 𝑒𝑥𝑝 (
𝑥𝑎𝑐𝑡

𝑑𝑖𝑠𝑡
)] 

( 3 ) 

Similarly, if on the upper stop, the next term is added to 𝑓𝑟𝑜𝑑: 

−𝑘𝑐  . (𝑥𝑎𝑐𝑡 −  𝑠𝑡𝑟𝑜𝑘𝑒)  +  𝑣 . 𝑐𝑑𝑡𝑜𝑢𝑠𝑒2 ( 4 ) 

where the friction coefficient 𝑐𝑑𝑡𝑜𝑢𝑠𝑒2 is: 

𝑐𝑑𝑡𝑜𝑢𝑠𝑒2 = 𝑘𝑐 [1 − 𝑒𝑥𝑝 (
𝑥𝑎𝑐𝑡 − 𝑠𝑡𝑟𝑜𝑘𝑒

𝑑𝑖𝑠𝑡
)] 

( 5 ) 

If there are no stops, 𝑓𝑟𝑜𝑑 is unchanged. A leakage mass flow (gas leak) can be defined 

as: 

𝑚̇𝑙𝑒𝑎𝑘 = (𝑝1  − 𝑝2  ) ∙ 𝑙𝑒𝑎𝑘 ( 6 ) 

The corresponding flow rate of enthalpy drain (loss of enthalpy) is: 

𝑚ℎ̇ 𝑙𝑒𝑎𝑘 = 𝑚̇𝑙𝑒𝑎𝑘 ∙ ℎ ( 7 ) 

where ℎ is calculated using the expression: 

ℎ = 𝐶𝑝0 ∙ [𝐶𝑝𝑐 + 𝐶𝑝𝑡 ∙ ∆𝑇+𝐶𝑝𝑡2 ∙ (∆𝑇)2]𝑇 ( 8 ) 

where 𝐶𝑝0 is the specific reference heat given at the reference temperature, 𝐶𝑝𝑐 the 

constant coefficient for the specific heat, 𝐶𝑝𝑡 the specific heat coefficient for the 

temperature term and 𝐶𝑝𝑡2  the specific heat coefficient for the squared temperature term. 
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The calculation of constant coefficients 𝐶𝑝𝑐, 𝐶𝑝𝑡  ,   𝐶𝑝𝑡2 can be found in [14-16]. The 

temperature difference is: 

∆𝑇 = 𝑇𝑤 − 𝑇𝑟𝑒𝑓 ( 1 ) 

where 𝑇𝑤 is the working temperature and 𝑇𝑟𝑒𝑓 is the reference temperature defined in the 

thermal properties of the gas. The volume of gas in the chamber corresponding to the 

orifice 1 is calculated as: 

𝑣𝑜𝑙1 =  𝐴1  ∙ 𝑥𝑎𝑐𝑡 +  𝑑𝑒𝑎𝑑1 ( 2 ) 

Similarly, for the other chamber, we have: 

𝑣𝑜𝑙2 =  𝐴2 (𝑠𝑡𝑟𝑜𝑘𝑒 −  𝑥𝑎𝑐𝑡)  +  𝑑𝑒𝑎𝑑2 ( 3 ) 

The method of calculating the pressure and temperature variation in the pneumatic 

chamber is determined by the relations (16):  

𝑑𝑝

𝑑𝑡
= 𝑝 ∙ 𝑘 (

𝑚̇

𝑚
−

1

𝑉

𝑑𝑉

𝑑𝑡
) (a) 

𝑑𝑇

𝑑𝑡
=

𝑘−1

𝑘

𝑇

𝑝

𝑑𝑝

𝑑𝑡
 (b) ( 4 ) 

 

Table 1. Variables of the pneumatic cylinder. 

No. Variable Notation Unit 

1 displacement of piston xact m 

2 volume of piston chamber vol1 𝑐𝑚3 

3 mass of gas in piston chamber mgas1 g 

4 volume of rod chamber vol2 𝑐𝑚3 

5 mass of gas in rod chamber mgas2 g 

6 piston leakage mass flow rate dmleak g/s 

 

Table 2. Geometric elements and other elements characteristic of the pneumatic cylinder. 

No. Variable Notation Unit Value 

1 initial displacement of piston xact0 m 0 

2 piston diameter diamp mm 508/293 

3 rod diameter diamr mm 50.5/48.94 

4 length of stroke stroke m 0.178 

5 dead volume at port 1 end dead1 𝑑𝑚3 22/7 

6 dead volume at port 2 end dead2 𝑑𝑚3 22/7 

7 polytropic constant kpoly null 1.35 

8 thermal exchange coefficient kth J/𝑚2/K/s 500 

9 external temperature extemp K 293.15 

10 viscous friction coefficient visc N/(m/s) 0.01 

11 leakage coefficient leak g/s/barA 0.02 

12 spring rate at endstops kc N/mm 10000 

13 damping coefficient on endstops cdamp N/(m/s) 10000 

14 deformation on endstops at which damping rate is 

fully effective 

dist mm 0.001 

 

Thermal calculation is based on relationships written in the matrix form (13) where 𝑚𝑖 

mass at port i (1 or 2),  ℎ𝑖enthalpy at port 𝑖 (1 or 2), 𝛿𝑄 the amount of heat exchanged. 
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[
 
 
 
 𝑉 ∙ (

𝜕𝜌

𝜕𝑝
)

𝑇

𝑉 ∙ (
𝜕𝜌

𝜕𝑇
)
𝑝

𝑚 ∙ (
𝜕ℎ

𝜕𝑝
)

𝑇

− 𝑉 𝑚 ∙ (
𝜕ℎ

𝜕𝑇
)
𝑝]
 
 
 
 

∙ [

𝑑𝑝

𝑑𝑡
𝑑𝑇

𝑑𝑡

] = [
∑

𝑑𝑚𝑖

𝑑𝑡
− 𝜌

𝑑𝑉

𝑑𝑡

∑
𝑑𝑚𝑖

𝑑𝑡
∙ ℎ𝑖 − ℎ ∑

𝑑𝑚𝑖

𝑑𝑡
+ 𝛿𝑄

] 

( 53 ) 

The usual ratios for determining the flow to the reciprocating compressor are based on 

the compression ratio and the reduction of the active stroke due to the expansion of the 

gas in the dead space of the compressor. For a double-acting compressor the mass flow 

rate 𝑄𝑚  of the compressor is expressed by the relation: 

𝑄𝑚 = 𝛼 ∙ 𝐸𝑉𝑎 ∙ 𝑖 ∙ 𝑆 ∙
𝜋(2𝐷2 − 𝑑2)

4
∙

𝑃1 ∙ 𝑛

𝑍1 ∙ 𝑅 ∙ 𝑇1
 

( 14 ) 

 

where: 𝛼 is the flow coefficient taking into account changes in flow direction and 

contraction of gas flow; this coefficient is indicated in the literature [3, 7, 10] in the 

domain 𝛼 ∈ [0.7 − 0.95]. The establishing of the coefficient requires a study of the 

conditions of entry into the compressor cylinder through the valve. In order to simplify 

the treatment of the proposed objective, considering that the influence of the entry 

conditions also appears in the classical relation (1) and in the case of the treated model 

and hence this coefficient was considered equal to 1; 𝐸𝑉𝑎 − volumetric efficiency at gas 

suction: 

𝐸𝑉𝑎 = 1 − 𝑚(𝜀1/𝑘 − 1) ( 15 ) 

𝑘 − adiabatic exponent of the gas mixture; 𝜀 − compression ratio: 

𝜀 =
𝑃2

𝑃1
 

( 16 ) 

𝑖 − the number of cylinders;𝑆 − piston stroke; 𝐷 − piston diameter; 𝑑 − piston rod 

diameter; 𝑛 − the number of double strokes; 𝑃 − absolute pressure; 𝑝 − relative pressure; 

𝑍 − compressibility factor:  

𝑍1 =
1

1 +
527393 ∙ 𝑝1 ∙ 101,785𝛿

𝑇1
3,825

 
( 17 ) 

 

𝑅 − constant of the gas mixture; 𝑇 − absolute temperature; 𝛿 − relative density of the 

gas; index 1 corresponds to the conditions in the compressor stage suction; index 2 

corresponds to the conditions in the compressor stage discharge. Relationship (14) has 

several disadvantages, but also the advantage of simplicity. The disadvantages are: in the 

case of multi-stage compressors we do not know the pressure at the exit of the first stage 

𝑝1; the path of the gas causing the change in pressure is not taken into account; anti-

pulsating cylinders and heat exchangers are not taken into account; thermal phenomena 

at the cylinder level and on the pipeline path are not taken into account. 

THE ANALYSIS PERFORMING AND THE RESULTS OBTAINED  

As mentioned in the introductory part, the basic idea of the article is to realize a virtual 

model of the compression system with the help of the means available in the library of 

the LMS Amesim program. This way of working is evidenced by the results in Fig. 4. In 

the Fig. 4.a, the correlation between the pressure variation, the discharged/aspirated mass 
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flow and the chamber volume in the external working chamber of the piston is observed. 

It is noticed that when increasing the pressure from 4 barA to 11 barA, the mass flow rate 

is null, the discharge valve of the chamber is closed. During this time from 27.00 s to 

27.03 s the room volume is reduced from the maximum value of 42 l. When opening the 

discharge valve the gas begins to leave the working chamber, the volume of gas in the 

room further decreases to the value of the volume of the dead space 6 l. The discharge 

mass flow is variable. The pressure decreases and the gas from the dead space follows. 

Upon reaching the pressure of 4 barA the suction valve opens and the gas penetrates into 

the outer chamber, until complete filling 42 l. The suction mass flow is variable too. The 

suction valve closes and further the gas is compressed. During this time the parameters 

of the gas change, an aspect captured in Fig. 4.b for the compressibility factor, the density 

of the gas and the specific heat at constant pressure.  

 

 

 

a b 

Fig. 4. Results of the numerical simulation for cylinder 1 of the compressor outer chamber: a. 

Characteristics of the compressor cylinder, from top to bottom: pressure, mass flow and chamber 

olume; b. variation of specific quantities for compressed gas, from top to bottom: ideal deviation 

factor, gas density, specific heat at constant pressure. 

The variation of these factors influences the results obtained. The model includes heat 

transfer to the cylinder wall, to the heat exchanger and along the pipelines. We will 

compare the mass of gas entering the cylinder chambers of the compressor with the gas 

mass appreciated on the basis of the relation (14) for a complete rotation of the crankshaft. 

We do this because the mass flow is variable. For the outer chamber (HE) of cylinder 1 

(compression stage 1) the mass of gas deducted from the relation (1) is 𝛼 ∙ 𝐸𝑉𝑎 ∙ 𝑆 ∙
𝜋∙𝐷2

4
∙

𝑃1

𝑍1∙𝑅∙𝑇1
. The gas mass in the outer chamber (HE) of cylinder 1 can be assessed with the 

help of elements in the Fig. 5.  
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a b 

Fig. 5. Determination of the mass of gas entering / leaving the outer chamber of the compressor 

cylinder 1 at a complete rotation. 

Fig. 5.a represented the pressure (up) and the mass of gas (bottom) in the outer chamber 

of cylinder 1. Since the speed is 600 rpm the lines are very close and a sequence was 

selected during the stabilized movement Fig. 5.b. At the bottom of Fig. 5.b you can see 

the variation in the mass of gas in the room in accordance with the pressure variation at 

the top of this figure. At a complete rotation in the chamber enters / exits a gas mass of 

77.82 g. It's 10 Hz frequency, so this camera has a mass flow rate of 778.2 g/s. We return 

with the same information for the inner chamber of cylinder 1 (stage 1) and for the two 

chambers of cylinder 2 (stage 2), Fig. 6a-c. Situations that have been simulated are 

indicated in Table 3.The cases studied are aimed at adapting the compressor to the 

conditions in the system are: Case 1 suction pressure stage 1,  4 barA ;  discharge pressure 

stage 2,  12 barA; the inlet temperature 12℃ ; Case 2 suction pressure stage 1,  3 barA;  

discharge pressure stage 2,  12 barA; the inlet temperature 12℃ ; Case 3 suction pressure 

stage 1,  2 barA;  discharge pressure stage 2,  12 barA; the inlet temperature 12℃ ; Case 

4 suction pressure stage 1,  3 barA;  discharge pressure stage 2,  13 barA; the inlet 

temperature 12℃ ; Case 5 suction pressure stage 1,  3 barA;  discharge pressure stage 2,  

14 barA; the inlet temperature 12℃. The numerical values for the pressures in the anti-

pulsating bottle at the stage 1 outlet and at the anti-pulsating bottle at the entrance to the 

second stage after the cooling of gas, shall be those corresponding to the numerical model 

made in the article. The values of the compressibility factor for the calculation of the gas 

masses in the second stage, used in relation (1) are calculated on the basis of the numerical 

model. It is noted that: the differences between the relationship of appreciation of the gas 

mass by the classical formula and the numerical model are very small, the deviations that 

occur are due to the influence of heat transfer;  the numerical model allows to establish 

the pressures and temperatures in the anti-pulsating bottles and therefore the use of 

relationships (14-17); lowering the pressure at the inlet to the compressor reduces the 

mass flow rate; the increase in pressure at the outlet of the compressor reduces the mass 

flow rate. 
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a b 

 
 

c d 

Fig. 6. Determination of the mass of gas entering / leaving at a complete rotation from: a. The inner 

chamber of cylinder 1 of the compressor; b. the outer chamber of the compressor cylinder 2; c. the 

inner chamber of the compressor cylinder 1 d. the values of masses and volume efficiency in the active 

chambers calculated on the basis of the ratios (1-4). 

Table 3. Numerical simulation results related to the comparison between the mass flow assessment 

relationship (1) and the results from the numerical model of the compression system. 
Speed n = 600 rpm; The dead space factor in the head chamber of the piston is 0.158; The dead space 

factor in the crank piston chamber is 0.1624; Piston diameter for cylinder 1, 508 mm; Piston diameter 

for cylinder 2, 293 mm; Piston stroke cylinder 1 = piston stroke cylinder 2 = 177.8 mm; Cylinder 1 rod 

diameter, 50.8 mm; Cylinder 2rod diameter, 48.8 mm. 

1. Pressure/temperature in the anti-pulsation bottle:suction stage 1, 4 barA /13.67 ℃; discharge stage 1, 

10.99 barA /72.63 ℃; suction stage 2, 10.97 barA / 53.56 ℃; discharge stage 2,  12.0 barA / 50.26 ℃. 
Gas masses in the working chambers for a complete rotation obtained on the model from LMS Amesim 

and based on the relation (14), HE – head end chamber, CE - crank end chamber 
Gas mass 

HE 

cylinder 

1, model 

Gas mass 

HE, 

cylinder 

1, rel. (1) 

Gas 

mass, CE 

cylinder 

1, model 

Gas mass 

CE, 

cylinder 

1, rel. (1) 

Gas 

mass, HE 

cylinder 

2, model 

Gas mass 

HE, 

cylinder 

2, rel. (1) 

Gas 

mass, CE 

cylinder 

2, model 

Gas 

mass, CE 

cylinder 

2, rel. (1) 

g g g g g g g g 

77.82 79.64 77.51 78.34 77.82 82.00 77.51 79.70 

Diff. 2.31 % Diff. 1.05 % Diff. 5.44 % Diff. 2.88 % 

2.Pressure / temperature in the anti-pulsation bottle: suction stage 1, 3.0 barA /14.13 ℃; discharge stage 

1, 8.44 barA / 70.78 ℃; suction stage 2, 8.42 barA / 48.36 ℃; discharge stage 2,  12.0 barA / 58.14 ℃. 
59.02 59.34 58.71 58.36 59.02 60.33 58.71 58.57 

Diff. 0.54% Diff. 0.59% Diff. 1.35% Diff. 0.23% 
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3. Pressure / temperature in the anti-pulsation bottle: suction stage 1, 2.0 barA /14.90 ℃; discharge stage 

1, 5.91 barA / 65.90 ℃; suction stage 2, 5.89 barA / 40.87 ℃; discharge stage 2,  12.0 barA / 64.68 ℃. 

37.75 38.85 37.65 38.18 37.75 39.59 37.65 38.35 

Diff. 0.25% Diff. 0.14% Diff. 4.8% Diff. 1.85 % 

4. Pressure / temperature in the anti-pulsation bottle; suction stage 1, 3.0 barA /14.13 ℃; discharge stage 

1, 8.52 barA / 71.30 ℃; suction stage 2, 8.50 barA / 48.64 ℃; discharge stage 2,  13.0 barA / 62.16 ℃. 

58.24 59.08 57.42 58.10 58.24 60.44 57.42 58.66 

Diff. 1.44% Diff. 1.14% Diff. 3.77% Diff. 2.15% 

5. Pressure / temperature in the anti-pulsation bottle: suction stage 1, 3.0 barA /14 ℃; discharge stage 1, 

8.60 barA / 71.81 ℃; suction stage 2, 8.59 barA / 48.92 ℃; discharge stage 2,  14.0 barA / 65.87℃. 

57.89 58.89 57.24 57.91 57.89 60.31 57.24 58.51 

Diff. 1.72% Diff. 1.17% Diff. 7.63 % Diff. 2.21% 

 

CONCLUSIONS 

The article is oriented towards modelling of a real system built with the help of object 

libraries. The model shown Fig. 1, simultaneously uses elements from several folders of 

the LMS Amesim library: hydraulic, pneumatic, mechanical, signal analysis. Combining 

them is an important element in getting closer to the real systems. This virtual model is a 

way of reproducing the real system with the possibility of tracking the operation and of 

working parameters, Fig. 4.a. The use of the Amesim LMS offers the advantage of 

implementing complicated and particularly accurate mathematical models for a piston 

compressor, Fig. 4.b. These possibilities are only partially indicated. These are numerous, 

for example, in Fig. 7, the mode of variation in gas pressure in the anti-pulsating bottle 

on the discharge of stage 1. We can establish also the temperature of the cooled gas 

between the steps. The heat exchanger is an element of the library, built in a way 

comparable to the compressor cylinder. It is possible to analyze the behavior of the 

compression system by tracking the influence of the changes in the system, in this case 

by analyzing the mass flow of the compressor. Lowering the pressure at the inlet to the 

compressor reduces the mass flow rate; the increase in pressure at the outlet of the 

compressor reduces the mass flow rate, Table 3. The classic relationships such as the 

expression of mass flow based on the displacement of cylinder and gas parameters at the 

compressor stage input, offer an accuracy comparable to modern methods. but we need 

the pressure at the exit of stage 1, determined with the built dynamic model. 

  

a b 

Fig. 7. Variation of the gas pressure in the anti-pulsating cylinder: a. variation of the pressure until 

the end of the transient regime; b. a detail over a short sequence of time. 
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