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The aim of this study is to assess how the compression equipment may work to the maximum 

performances with minimum consumptions. A functional dynamic model was designed so that 

the screw compressor process may be analyzed and a strategy for modelling and optimization 

of the compression equipment to be further established. The paper presents a method of 

functional optimization for the screw compressor in the direction of decreasing the necessary 

compression power using the injected oil flow. This process significantly modifies the 

thermodynamic parameters of the compression so that it allows using the phenomenon for the 

functional optimization. The results indicate that for each regime of functioning the optimum 

oil flow which can be injected may be found at the intersection of the two curves representing 

compressor power and irreversible lost power. The findings of this research lead to a 

significant reduction in the operating costs. 
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1. INTRODUCTION

The continuous evolution of demand and offer for the 

natural gas in Europe, but also in Romania, leads to the 

necessity of increasing the natural gas pressure at the 45 bar 

values in the Romanian National Gas Transport System. 

Considering the development strategy of Transgaz, but also 

the diminished gas pressure from sources, the INCDT-

COMOTI responded to this tendency and made screw 

compressors at high pressure of repression by modifying the 

trademark compressors to obtain 45 bar at the maximum 

pressure of repression. 

The screw compressor is a volumetric compressor (see 

Figure 1). The gas is compressed inside the machine by 

moving forward with the help of two screws. Taking into 

consideration the machine seal and function during the process, 

the oil is injected in the majority of those types of compressors.  

Figure 1. Volumetric compressor - screw compressor 

The oil is recovered, cooled and will be returned in process. 

The oil injection modifies radically the thermodynamic 

process of compression in a positive way [1]. The 

determination of the optimal regime implies finding the values 

of functional parameters so that the equipment may work to 

the maximum performances with minimum consumptions. 

Generally, from a technical point of view, the oil injection is 

performed during the process of aspiration; this operation 

generates the wear minimization and the seal maximization of 

parts. 

In Figure 2 there are represented the characteristics of the 

compression adiabatic process [2-4] overlain with those of a 

process in which the gas gives heat to the environment (oil). 

The oil injection enhances the heat exchange from compressor, 

the compressed gas gets hot during the process but the oil 

being colder takes only a part from that heat [5]. In Figure 2 

there are represented two compression processes in 

comparison, one adiabatic and the other in which the gas gives 

heat to the oil. 

From the analysis of the characteristics it can be observed 

that the heat exchange between the compressed gas and the oil 

makes that the real process of compression be very close to an 

isothermal process that is the ideal process because less energy 

is spent to obtain the same final pressure.  

This paper establishes a model that analyzes this influence 

with the aim to optimize the compression process from a screw 

compressor with oil injection.  The findings lead to a software 

development that integrates compression process optimization 

with reliability, maintenance and economics. 

The remainder of this paper is organized as follows: Section 

2 introduces the theoretical considerations used to design the 

functional dynamic model that analyze the screw compressor 

process, Section 3 presents and analyzes the results obtained 

for the influence of the oil flow rate on the thermodynamic 

process. 
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Figure 2. Comparison between an adiabatic compression and real process 

 

 

2. THEORETICAL CONSIDERATIONS 
 

A functional dynamic model was designed so that the screw 

compressor process may be analyzed. The main flows taken 

into consideration (see Figure 3) are: 

➢ Masic flows ma, mo and ma+o for air and oil; 

➢ Energy for air and oil Ea, Eo and Ea+o; 

➢ Necessary power for compressor Pc and the lost power 

due to the irreversibility of thermodynamic processes; 

➢ Lost heat flow by the machine to the environment Qp 

and the correspondent entropy flow SQp; 

➢ The entropy flows that go through the machine for air 

and oil Sa, So and Sa+o. 

 

 
 

Figure 3. Functional dynamic model for a screw compressor 

 

For the model presented in Figure 3 were used the following 

equations [6-8]: 

1. Mass conservation law – Eq. (1): 

𝑑𝑚

𝑑𝜏
+ ∑𝑚𝑒

•
− ∑𝑚𝑖

•
= 0    (1) 

 

2. Energy conservation law – Eq. (2): 
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3. Entropy balance for open systems – Eq. (3): 
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4. Gouy-Stodola ś theorem for lost power calculation – Eq. 

(4): 
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𝜕𝑆
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−

𝑄
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Based on the relations from above, a screw compressor with 

oil injection was created. For the accuracy of the obtained 

values, the numerical result obtained from the created model 

were calibrated, for specific regimes, with experimental data 

so that at the work regime, the outer and inner parameters must 

be identical, see figure 4. In this case, the calibration parameter 

was the outer temperature of oil and gas mixture and the model 

gave the value presented below in Figure 4.   

 

 
 

Figure 4. Calibration parameter - result 
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3. RESULTS PRESENTATION 
 

The variable parameter that was taken into consideration for 

the process optimization was the oil flow of compressor 

cooling. Simulating many functional regimes with numerical 

model we obtained the results presented in Figure 5. 

 

3.1 The influence of the oil flow rate injected on the output 

temperature of compressed gases 

 

Being a very important parameter for the compressor 

functionality, in Figure 5 we presented the output temperature 

variation of the compressed gas versus the injected oil flow 

rate. Generally, the compressed gas temperature increases 

during the compression process but for the screw compressor 

with oil injection one can observe that the temperature 

decreases according to the oil injected flow rate, fact that can 

be explained by the part of heat of compressed gas that the oil 

takes. 

The numerical laboratory experiments used air as the work 

environment. The inner temperature of the screw compressor 

by oil injection was of 30 ºC. It can be observed that, once with 

oil flow increasing, the output temperature of the compressed 

air decreases, results that the thermodynamic process evolves 

from an adiabatic process to an isothermal one, fact that 

determines the significantly reduction of compression 

mechanical work. 

 

 
 

Figure 5. Gas exit temperature versus oil flow rate 

 

3.2 The influence of oil flow rate on the compression 

adiabatic exponent and on the entropy generation rate 

 

In figure 6 are represented the results referring to the real 

adiabatic exponent of the compression and the speed of 

entropy generation. 

Based on the obtained data can be observed that due to the 

oil cooling the value of the adiabatic exponent is reduced (the 

value for air is 1.4) to values close to 1 so confirm that the real 

compression process is similar to an isothermal process fact 

that determines the maintaining of a low temperature regime 

of compressor during the functioning and also a reduced power 

necessary to machine entrainment.  

 

 
 

Figure 6. The real adiabatic exponent of the compression and the speed of entropy generation 
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A bigger influence can be observed in the speed of entropy 

generation. The entropy is influenced by two elements: 

a. The heat flow generated of friction that in this case stays 

almost constant; 

b. The exchange heat between air and oil. 

The cooling air is stronger than oil heating so that per 

assembly it will result a decrease in entropy generation speed 

which means the increase of economy process. 

 

3.3 The influence of the oil injection on the compression 

power and on the lost power due to the irreversibility of 

process 

 

In Figure 7 is represented the situation of the mechanical 

power necessary for the machine entrainment. It can be 

observed that the necessary power for the compressor 

entrainment increase according to the increase of the oil flow. 

The more oil is injected the more compressed necessary 

power increases, fact that is explained through the power 

depend on the mass flow, the oil having big density, concur at 

the increasing of air & oil specific mass flow.  

This behavior represents a negative effect of the oil flow 

increase so that it is necessary to impose a limit of the flow 

when negative effects become more important than the 

positive ones.   

The lost power due to the irreversibility of process 

decreases because from the thermodynamic point of view it 

can get closer to an ideal isothermal process.  

In conclusion to the above paragraphs presented it results 

that the optimum oil flow which can be injected may be found 

at the intersection of the two curves. 

 

 
 

Figure 7. Required mechanical powers for the machine entrainment by dependent of the oil flow 

 

 

4. CONCLUSIONS 

 

In the conditions of the natural gas demand increasing, 

respectively the transportation pressure and reducing of the 

resources or their pressure it is necessary an increase in 

compression rates and/or a more efficient and reliable 

compressors.  

The oil injection in screw compressors modifies in a 

positive way the compression process which means that it will 

be closer to an ideal isothermal process. The main effect which 

influences the compression is the heat exchange between oil 

and gas.  The compressors are energy-consumer and a goal in 

the designing and the manufacturing of compressor is to 

reduce that energy consumption. Due to the specific process, 

the screw compressors can be designed so that the energy 

consumption is minimal for each process. 

The oil injection used in technological processes for the 

minimization of frictions and to favor the two wounded wheel 

gear influences the thermodynamic process. The used oil flow 

may be varying between some limits which do not affect too 

much the compressor functioning.  

It is obvious that increase of the oil flow has benefic effects 

if we refer to the improvement of thermodynamic process, but 

it also has negative influences because it implies the necessary 

power increase for compression. Because of this, it must be 

found an optimum oil flow for each regime of functioning 

which means the important economies resulting from the 

evolution of technological process but also in the reliability of 

the equipment parts. 

The minimal energy consumptions for compressors is 

achieved by optimizing the compression process fact that 

means a significant reduction in the operating costs. 

Integrating the compression process optimization with 

reliability, maintenance and economics in a software in order 

to achieve a complete optimization for the compressor is the 

next stage that one can foresee in further research. 
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NOMENCLATURE 

 

M masic flow rate 

E Energy  

Pc Compressor power  

𝑃𝑝  Lost Power 

Qp Lost heat flow to the environment  

SQp Entropy lost to the environment 

S Entropy  

𝑚𝑒

•
  Masic flow rate exiting the system 

𝑚𝑎

•
  Masic flow rate entering the system 

𝑄
•

  Thermal power 

𝑤  Speed 

ℎ  Entalpy 

𝑔  gravitational acceleration, m.s-2 

𝑍  Elevation 

𝐿
•

𝑡  
Mechanical Power 

𝑆
•

𝑔𝑒𝑛   generated Entropy  

T Temperature 

𝑇0  environment temperature 

 

Greek symbols 

 

 

𝜏  time, s 

 

Subscripts 

 

 

a Air 

o Oil 

a+o air and oil 

i Input 

e Exit 
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