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ENERGY-ECONOMIC RESULTS OF USING THE METHOD OF REDUCING ENERGY LOSSES OF
MOBILE DIESEL COMPRESSOR STATIONS BY ADDITIONAL COOLING OF COMPRESSED
GASES

The article conducts experimental studies of the use of additional freon cooling systems instead of water
systems, which allows reducing the specific consumption of the coolant per kilogram of cooled gas by 2-3 times. For
example, for the compressor unit KPU-16/250 the specific consumption of the heat carrier per kilogram of cooled gas
when pumping nitrogen for the operating cooling system will be 1.71 kg/kg, and for the designed freon system - 0.69
kg/kg; the specific consumption of the heat carrier per kilogram of cooled gas when pumping air for the operating
cooling system will be 1.76 kg/kg, and for the designed freon system — 0.72 kg/kg;

When using additional freon systems of high-efficiency cooling for cooling compressed air with a decrease in
the temperature of the working medium in gas coolers to -10 0C, the specific energy consumed by the compressor is
reduced for diesel compressor units of the oil and gas industry, on average, by 14-17%. Thus, for the SD-9/101M
compressor unit, when nitrogen is injected, the specific energy consumed by the compressor decreases from 315.21
kJ/kg to 263.34 kl/kg or by 16.5%; when air is injected, the specific energy consumed by the compressor decreases
from 320.74 kJ/kg to 275.46 ki/kg or by 14.2%.
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INTRODUCTION

Currently, manufacturers and researchers are developing promising energy saving directions in
compressor units, for example, by reducing leaks, optimizing output pressure, choosing the right control and
management systems, etc. But it is obvious that the greatest reserve of energy saving of mobile diesel
compressor stations will be the effective recovery of thermal energy, which is carried out with exhaust gases
and thermal energy of compressed gases, which is released into the environment. Thermal energy, which is
transferred through the cooling system to the environment, is of low potential, the efficiency of its use is
relatively low, but further use of thermal energy, which is transferred through the cooling system to the
environment, is also advisable.

LITERATURE REVIEW AND PROBLEM STATEMENT

The main directions for reducing the energy consumption of mobile diesel compressor stations are [1]:

- efficient use of heat from the working process;

- improvement of the design of the compressor and its compressed gas preparation and release
systems, primarily its compressed gas cooling system;

- reduction of fuel costs for the compressor (switching to cheaper alternative fuels: pyrolysis, biogas,
methane, etc.);

- improvement of the compressor drive engine (switching to improved electronic fuel injection
systems, multi-valve cylinder heads, increasing turbine pressure, etc.)

Let's take a closer look at the first direction.

In modern diesel engines, approximately 35-40% of the total amount of thermal energy introduced
into the engine with fuel goes to perform useful work, approximately 25-30% of the energy is removed with
exhaust gases and 30-35% is transferred through the cooling system to the environment [2].

As for the use of thermal energy carried away with exhaust gases and thermal energy of compressed
gases released into the environment, the most effective device for heat utilization for mobile technological
installations will be a thermoelectric generator [3]. Modern thermoelectric generators are reliable
semiconductor devices, and the efficiency of modern thermoelectric generators with a temperature difference
of more than 100 OC already reaches 20%. Even when using only 10% of thermal energy, about 3% will be
saved on the heat carried away with exhaust gases, and about 2% on the thermal energy of compressed gases
from the total amount of thermal energy introduced into the engine with fuel.

In other words, in the overall heat balance, where in modern diesel engines approximately 35-40% of
the total amount of thermal energy introduced into the engine with fuel goes to perform useful work, about
5% of the energy of the overall heat balance of the engine can be converted into electrical energy.
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A well-known method of reducing energy consumption, in terms of improving the design of the
compressor, is to reduce energy losses due to friction in the elements of the compressor station, as well as to
reduce total pressure losses during gas movement in the inlet and outlet pipes.

Regulating the gas compression pressure is a fairly effective method of saving energy. It has been
found that reducing the output pressure by every 10 kPa reduces the compressor's energy consumption by 1-
2% [4].

For the efficient operation of the compressor station, it is also rational to increase the compressor load
and organize the operation of the equipment in energy-efficient modes. Such optimization of the compressor
operating mode allows reducing energy consumption by 2-3% [4].

Thus, from the point of view of maximum energy saving of mobile diesel compressor stations, the
most effective direction will be the use of thermal energy of compressed gases and heat, which is carried out
with exhaust gases, with the conversion of this thermal energy into electrical energy.

It has been analyzed that for mobile diesel compressor stations, about 5% of the total heat balance
energy can be converted into electrical energy, while in modern diesel engines, about 35-40% of the total
amount of thermal energy introduced into the engine with fuel is used to perform useful work. In other
words, through the effective use of excess heat, an additional amount of electricity can be obtained within
12-14% of the nominal effective engine power.

But at the same time, another problem arises - the effective use of the received electricity. The
capacity of the own systems of electric energy consumption and energy supply for existing engines and
technological installations as a whole is much smaller. For example, the capacity of electric generators of
existing internal combustion engines is about 1% of the nominal effective power of the engine. Therefore, it
will not be rational to use the received electricity only to meet the own electric energy needs of the engine
[5]. Therefore, the problem of using excess electricity within 12-14% of the nominal effective power of the
engine requires a different solution.

As has already been established, the energy efficiency and cost-effectiveness of compressor stations
are significantly related to the removal of heat from gas compression. In addition, the process of gas
compression in compressor plants is accompanied by a significant increase in temperature, which, when the
pressure increases, can reach more than 200 °C and worsen the operation of compressor units, including the
risk of explosion in compressors due to ignition of oil vapors [6].

Therefore, it follows from the above that for energy-efficient operation of the compressor, it is
necessary to additionally artificially cool the compressed gas during its operation without increasing the area
of the cooling heat exchangers.

The most economical cooling is achieved by increasing the water temperature in the heat exchanger by
15-20 °C. Tt is not recommended to heat the water above 40 °C, since at higher temperatures salts are
released on the heat exchange surfaces [7].

Thus, for energy-efficient operation of the compressor, it is necessary to artificially cool the
compressed gas during its operation. The efficiency of cooling the compressed gas in the intermediate and
final coolers directly affects the specific compression costs, and therefore the lower the temperature of the
compressed gas in the intermediate coolers, the higher the energy efficiency of the compressor unit.

Given the low efficiency of air and water cooling and water injection cooling, the most effective is to
cool compressed gases in closed intercooling systems with a coolant other than water.

PURPOSE AND OBJECTIVES OF THE STUDY

The aim of the work is to conduct experimental studies of the energy and economic results of the
method of reducing energy losses of mobile diesel compressor stations through additional highly efficient
cooling of compressed gases.

The scientific and technical tasks are as follows:

- study of potential directions of energy efficiency of mobile diesel compressor stations;

- analysis of directions of energy saving of mobile diesel compressor stations by improving the
compressed gas cooling system and by using the heat of compressed gases;

- assessment of energy efficiency of the proposed methods of increasing energy saving.

RESEARCH RESULTS

As it was established, to achieve minimum energy consumption of mobile diesel compressor stations,
it is necessary to ensure the deepest possible cooling of compressed gas in the heat exchangers of the
intercooling system.

This is explained by the fact that the decrease in gas temperature before each stage of the compressor
increases the gas density. At the same time, in direct proportion to the increase in gas density in the
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cylinders, the compressor performance increases. Calculations show that a decrease in gas temperature by 1
K leads to an increase in performance by approximately 0.3% [8]. Thus, with a decrease in the temperature
of the sucked gas, the specific energy consumption for the compressor drive decreases proportionally, and
the most efficient from an energy point of view is the process of isothermal gas compression in the
compressor. But the implementation of isothermal gas compression is possible only due to the maximum
increase in the areas of cooling heat exchangers. This, in turn, will lead to an increase in pressure and energy
losses. At the same time, in existing compressors, on average, from 5 to 10% of the gas compression power
is spent on overcoming losses in gas coolers.

Research into a promising system for highly efficient cooling of compressed gas in compressor
stations was carried out on a specially designed and manufactured experimental stand with an evaporator,
two compressed air circuits, and air cooling and heating units (Fig. 1). Two identical CO-7B compressors
were used to pump gas (Fig. 2). The air in the gas cooler circuit was cooled using an Electrolux mobile air
conditioner.

1 —air heating unit; 2 — stand frame; 3 — control panel; 4 — gas cooler damper control compressor;
5 — gas cooler-evaporator;
Figure 1 — Installation with a system of highly efficient compressed gas cooling of compressor
stations

=

Figure 2 — Compreor SO-7B

To determine the energy consumption for gas pumping, gas flow and pressure data were used.
Pressure measurements were performed using a manometric manifold (Fig. 3), and the flow rate of pumped
gases was measured using a gas meter (Fig. 4).

When conducting experimental studies of the proposed scheme for energy saving of compressors due
to highly efficient additional cooling of compressed gas, the energy losses of the compressor were
determined. For this purpose, two identical compressors CO-7b were used, which created two air injection
circuits. The first compressor pumps air into the gas cooler, the second pumps cooled air. The maximum
compression ratio € of the compressors can be 6 units. When conducting experimental studies, the

CYYACHI TEXHOAOr B8 MAWWMHOBYAYBAHHI TA TRPAHCMOPTI, 2025, Nel (24)



© Hnyp M.M. 2025

compression ratio € of the compressors was limited to 3 units. The air in the gas cooler circuit is cooled using
a mobile Electrolux air conditioner. The air conditioner operates in two modes: in the first, it supplies
ordinary uncooled air from the environment (simulation of the operation of existing compressor stations in
the oil and gas industry), in the second, it supplies cooled air (simulation of the operation of a promising
scheme for highly efficient additional cooling of compressed air).
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Fig. 4. Flowmeter for measuring volumetric flow of compressed gas

The energy consumption per unit time of each circuit was determined by the corresponding
transformation of the formula 1.
k-1
k Py k
L, :k——l' 1V - (P;J —1|, MJh. (1)

1

where P — pressure at the inlet of the i-th circuit, Pa;
Pi2 — pressure at the outlet of the i-th circuit, Pa;

V1 — compressor capacity at the inlet of the i-th circuit, m®.
The outlet pressure of each stage p, was determined from formula 2 through the inlet pressure and gas
temperatures at the inlet T and outlet of each circuith.

-
P, =P1-2(;—2j . 2)
1

Initially, experimental studies were conducted and the specific work of compression was determined
for existing compressor units for different seasons without cooling and with artificial cooling from ambient
air. This is necessary to assess the efficiency of standard compressed air-cooling systems. The results of
experiments and calculations are shown in the figure 5.

From the results of the performed experimental studies, the following conclusions can be drawn:

- the lower the ambient temperature, the lower the specific work of compression of the compressor.
For example, the specific work of compression of the second circuit at an ambient temperature of -5 0C is
97.1 kJ/kg, +5 0C — 104.2 kJ/kg, +35 0C — 111.6 kJ/kg;
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- the higher the ambient temperature, the worse the cooling of the compressor and the higher the
specific work of compression of the compressor. For example, the specific work of compression of the
second circuit at an ambient temperature of -5 0C and forced cooling is 67.9 kJ/kg (69.9%), and at +35 0C —
87.5 kJ/kg (78.4%);

- with increasing ambient temperature, the useful power consumption of the compressor also
increases, for example, from 82.9% at an ambient temperature of -5 0C to 86.7% at an ambient temperature
of +35 0C;

- cooling of compressed air, which is used at existing compressor stations, is an effective way to
reduce the specific work of compression of the compressor. In this case, the range of reduction in the specific
work of compression of the compressor varies within 69-78%.
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M Specific work of compression of the second circuit, 12, ki/kg
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Fig. 5. Results of experimental studies of cooling schemes of existing compressor units

Further, experimental studies of the proposed scheme for energy saving of compressors due to highly
efficient additional cooling of compressed gas were carried out and compared with the existing cooling
scheme. During the experiments, the power consumed by the freon compressor was limited to a value that
was 5% of the power of the main compressor.

The results of experimental studies of hourly energy consumption, specific compression work and
total useful power of compressors depending on the temperatures at the inlet to the gas cooler circuits are
shown in Fig. 6.

From the results of the experimental studies of the proposed scheme for energy saving of compressors
due to highly efficient additional cooling of compressed gas, the following conclusions can be drawn:

- compressed air cooling due to highly efficient additional cooling of compressed gas of the proposed
compressor energy saving scheme is an effective way to reduce the specific work of compression of the
compressor. In this case, the maximum value of the reduction in the specific work of compression of the
compressor reaches 72.7%;

- the lower the temperature of the gas cooler, the lower the specific work of compression of the
compressor. For example, the specific work of compression of the second circuit at a gas cooler temperature
of -10 0C is 56.2 kl/kg, +1 0C — 60.4 kJ/kg, +21 0C — 68.9 kJ/Kkg;

- compressed air cooling due to highly efficient additional cooling of compressed gas of the proposed
compressor energy saving scheme allows to reduce the total useful power of the compressor to 14.5%.
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Le - hourly energy consumption for the second circuit, MJ/h;;

I, - specific work of compression of the second circuit, kJ/kg;
Ny - total useful power of the compressor, kW

Fig. 6. Dependence of hourly energy consumption L , specific work of compression I, and total useful
power of compressors Ny, on temperatures t at the inlet to the gas cooler circuits

DISCUSSION OF RESEARCH RESULTS

The results of theoretical and experimental studies have shown that the greatest energy saving reserve
for mobile diesel compressor units in the oil and gas industry is realized with the deepest possible cooling of
compressed gas in the heat exchangers of the intercooling system due to the recovery of excess heat.

This is explained by the fact that a decrease in gas temperature before each compressor stage increases
gas density. At the same time, in direct proportion to the decrease in gas temperature in the cylinders,
compressor performance increases and energy consumption decreases. Calculations show that a decrease in
gas temperature by 1 K leads to an increase in performance and a decrease in energy consumption by
approximately 0.3%.

To assess the energy efficiency of the proposed methods for increasing energy saving based on the
results of theoretical and experimental studies, energy efficiency calculations were performed for the most
common typical mobile diesel compressor stations in the oil and gas industry for the existing and proposed
gas cooling systems when using different types of gases. The design season is autumn-spring, the ambient
temperature is 15 °C, the working fluids are air and nitrogen.

The results of calculations of the main energy efficiency indicators of mobile diesel compressor
stations in the oil and gas industry during air injection are shown in Fig. 7,8.
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Fig. 7. Energy efficiency calculations for common mobile diesel compressor stations in the oil and gas
industry for air injection

In Figure 7, the following notations are used:
C — the current existing cooling system of compressed gases;
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P — proposed additional compressed gas cooling system:;
Ex — specific energy consumed by the compressor, ki/kg;

AE

cm.2 - change in exergy of compressed gas, kJ/kg;

Mexe - exergy efficiency.
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E\ . — specific energy consumed by compressors according to the current scheme, kl/kg; E, , — specific
energy consumed by compressors according to the proposed scheme, kJ/Kg; 7...... - exergy efficiency
according to the current scheme; 7., - exergy efficiency according to the proposed scheme
Fig. 8. Results of calculations of the main indicators of energy efficiency of mobile diesel compressor
stations in the oil and gas industry when pumping air

CONCLUSIONS

Based on the calculations and results obtained, the following conclusions can be drawn:

The more stages, the more intermediate cooling circuits and the higher the energy savings for
compressor stations when using additional high-efficiency freon cooling systems for compressed gas.

At low compressor pressure stages (one to two), it is not advisable to use advanced gas cooling
systems with freon, since the energy savings are not very significant.

At high compressor pressure stages (three and more), it is already advisable to use advanced gas
cooling systems with freon. In this case, an increase in the number of compression stages leads to an increase
in the energy efficiency index.

The highest energy efficiency is achieved when compressing gases with a lower molar mass. Thus, the
energy efficiency when compressing nitrogen gases is higher than when compressing air. For example, the
specific energy consumed by the compressor for the PKSD-1.4/25 installation when pumping nitrogen is
490.22 kJ/kg for existing cooling systems and 416.55 kJ/kg when using additional freon systems of high-
efficiency cooling; when pumping air for existing cooling systems 495.93 kJ/kg and 420.76 kJ/kg when
using additional freon systems of high-efficiency cooling;

The exergy efficiency of compressor units tends to increase with increasing absolute power. Thus, for
the PKSD-1.4/25 compressor unit with a capacity of 23 kW, the exergy efficiency when pumping air is
48.2%, and for the KPU-16/250 compressor unit with a capacity of 368 kW, the exergy efficiency is 52.1%;
When using additional freon systems of high-efficiency cooling for compressed air cooling with a decrease
in the temperature of the working medium in gas coolers to -10 0C, the exergy efficiency of the compressors
increases by approximately 15%. For example, for the PKSD-1.4/25 compressor unit, the exergy efficiency
increases from 48.2 to 55.2%, for the SD-9/101M compressor unit, the exergy efficiency increases from 51.0
to 58.7%, for the KPU-16/250 compressor unit, the exergy efficiency increases from 53.2 to 61.3%;

When using additional freon systems of high-efficiency cooling for compressed gas cooling with a
decrease in the temperature of the working medium in gas coolers to -10 0C, the specific heat transfer

m , 2025, Ne1 (24)




© Hnyp M.M. 2025

coefficient of heat exchangers - compressed gas coolers - decreases, on average, by 25%. Thus, for the
compressor unit SD-9/101M, when nitrogen is injected, the specific area of heat exchangers decreases from
5.201 m2/kg to 3.894 m2/kg; when air is injected, the specific area of heat exchangers decreases from 4.434
m2/kg to 3.327 m2/kg;
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I'nun M.M. EHepro-eKoHOMiYHi pe3yJibTaTH BHKOPHCTAHHSI MeTOAY 3HUKEHHS BTPAT eHepril
nepecyBHUX AU3eJIbHUX KOMIIPECOPHUX CTAHIIN NIVIIXOM 0JATKOBOI'0 0X0JIO/IKeHHSI CTUCHEHUX rasis

VY cTaTTi NpoBEAECHO EKCIIEPUMEHTANIbHI JOCIIIKEHHS BUKOPUCTAHHS TOJAaTKOBUX (DPEOHOBUX CUCTEM
OXOJIO/PKEHHS 3aMiCTh BOJSIHUX CHUCTEM, IO JIO3BOJISIE B 2-3 pa3y 3HU3UTH MUTOMY BHTPATy OXOJIO/KyBaya-
TEIUIOHOCISI Ha OJWH KIJIorpaM OXOJIoJpKeHoro raszy. Hampwknax, mist kommpecopHoi ycranoBku KITY-
16/250 nuroma BUTpaTa TEIJIOHOCIA HA OAMH KiJOrpaM OXOJIOPKEHOIO Ta3y NPH MPOKadyBaHHI a30Ty JUIS
JI0Y0i CUCTeMHU OXOJOJDKeHHs ckiane 1,71 Kr/kr, a anms mpoekToBaHoi ¢gpeonoBoi - 0,69 Kr/kr; mutoma
BUTpATa TETUIOHOCIS Ha OJIMH KIJIOTpaM OXOJIOJKEHOTO Ta3y MpH MPOKadyBaHHi MOBITPS ISl JIF0401 CUCTEMHU
OXOJIO/KEHHS cKiaze 1,76 Kr/Kr, a Ijsl MpoeKToBaHOi ppeoHoBoi — 0,72 Kr/kr;

IIpn BUKOpHUCTaHHI JUIS OXOJIO[UKEHHS CTHCHEHOTO HOBITPS [JOJATKOBHUX (PEOHOBHX CHUCTEM
BHUCOKOE()EKTHBHOTO OXOJIOJKCHHS 31 3HWKEHHSIM TeMIlepaTypHu poOoUoro Tijia B ra300X0JIo/pKyBadax Jio -
10 °C nuroma eHepris, MO CIOKHBAETHCS KOMIIPECOPOM, 3HHKYETHCS JUIS AM3EMBHHX KOMIIPECOPHHX
YCTaHOBOK HagTorasoBoi raiysi, B cepeanbomy, Ha 14-17 %. Tax, ana kommpecopHoi ycraHoBku CJI-
9/101M mpu HarHiTaHHI a30Ty MUTOMa EHEPTisl, M0 CIMOKUBAETHCS KOMIIPECOPOM, 3MEHIIyeThes 3 315,21
kJx/kr 1o 263,34 x/lx/kr a6o Ha 16,5 %; mpu HArHiTaHHI MOBITPS MHUTOMA €HEPris, IO CIOXHBAETHCS
KoMmIpecopoMm, 3meHIyeTbes 3 320,74 k/x/kr no 275,46 xx/kxr abo Ha 14,2 %.

THUII Mapis Muxatiniena, noxrop dinocodii, goteHT, kadeapa aBTOMOOIIBHOIO TPaHCIIOPTY, IBaHO-
®paHKIBChbKHMI HAIliOHAIPHUN TeXHiUYHMN yHiBepcuteT HadTh i1 rasy, E-mail: marichka_gnip@ukr.net,
ORCID: http://orcid.org/0000-0003-3662-0941

HNYP Mariia, PhD, Department of Automobile Transport, lvano-Frankivsk National Technical
University of Oil and Gas, E-mail: marichka_gnip@ukr.net, ORCID: http://orcid.org/0000-0003-3662-0941

DOI 10.36910/automash.v1i24.1706

, 2025, Nel (24) m



