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Abstract

Currently, the main volume of associated petroleum gas production in Azerbaijan is carried out at offshore fields. About 30 %
of this volume is used for SOCAR’s own technological needs of the oil company (to maintain the level of oil production). And the rest
are transported to onshore facilities and further for processing to a gas processing plant. Subsequently, dry and purified gas is sent
through a gas pipeline system for use by the population, or to a network of trunk pipelines for further export. When gas is transferred
to the gas lift system and ashore, it is compressed in compressors, as a result of which the temperature of the working agent rises.
The latter dramatically reduces the level of operational safety of the entire process. Based on the foregoing, ensuring the required gas
quality at the outlet of the compressor unit is an important and urgent task.

Currently used in the gas cooling system, shell-and-tube type refrigeration units have several advantages: high heat transfer
coefficient, operability in low and high pressure modes, simplicity of design and service. Along with this, these units are distin-
guished by large dimensions and high metal consumption, noise effect, vibration, etc.

A new design of a heat exchanger for cooling associated petroleum gas at the outlet of gas motor compressors is proposed.

Based on the modeling of the heat transfer process, mathematical models have been obtained that make it possible to ade-
quately evaluate the cooling process in the proposed refrigeration device.

Keywords: gas engine compressors, compressor station, heat exchanger, refrigerator, working agent, seawater, compressed
and heated gas.
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1. Introduction

The oil and gas sector is a determining factor in the fuel and energy complex of Azer-
baijan. Currently, the main volume of oil and gas production in the country is carried out at
offshore fields, where the gas lift method is successfully used in parallel with the fountain
method of oil production. Gas lift refers to a mechanized method of oil production, the prin-
ciple of which is based on the ability of a gas to reduce the density of a liquid and to facilitate
its ascent through tubing to the surface. In this case, the gas supply can be carried out using
COmpressors.

The main task in developing an oil and gas or gas condensate field is both the creation of
a rational technological system for the “production, collection, preparation and transportation”
of produced products, and the use of highly reliable oil and gas production equipment with its
effective location.

Currently, in the offshore fields of Azerbaijan (“Bahar”, “Guneshli”, “Sangachaly-
more-Duvanny-more-Bullf”, “Bulla-sea”, “Oil stones”, “Mud Sopka”, “Alaty”, “Govsany”,
“Zyh”, “Gumdeniz”) a gas-lift method of production is used to maintain pressure at production
wells. At the same time, associated petroleum gas (APG) is used as a working agent. Due to the
lack of a sufficient number of appropriate compressor equipment, the degree of APG use in some
offshore fields is not more than 80 %.
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Based on the foregoing, one of the main tasks assigned to the oil sector is providing a
high-quality oilfield equipment for the “gas production, collection, preparation and transportation
of gas” system and proper equipment placement [1-4].

About 70 % of the total volume of gas produced from offshore fields is transferred to onshore
facilities and then for processing to a gas processing plant, after which dry and purified gas is sent
to the population and main gas pipelines for further transportation. The remaining part of the pro-
duced gas (about 30 %) is used for own technological needs by the oil company of the Republic of
Azerbaijan (SOCAR).

The pressure required for this purpose is created by two and three stage compressors [5, 6].

At compressor stations (CS), gas engine compressors (GECs) are mainly used for gas com-
pression. At the first GEC stage, the gas pressure rises to P =1.8 ... 2.0 MPa. In this case, the tem-
perature indicator in the compressed gas rises to T=115+118 °C. For further use of the gas, before
transferring it to the input of the 2nd stage, it is necessary to cool it to a temperature 7=35+38 °C.
For this purpose, a cooling system is provided in the compressor station, where the main elements
of the system are refrigeration units.

Currently, shell-and-tube type refrigerators are used in the petrochemical, oil refining, and
oil and gas producing fields of the industry, including SOCAR [9].

Although they are distinguished by a number of positive qualities (high heat transfer
coefficient, operability in low and high pressure modes, simplicity of design and established
service), but because of their large volume and metal consumption, increased noise during op-
eration and vibration, as well as the complexity of the repair process they are used with certain
restrictions [10, 11].

A new design of a refrigeration unit for cooling associated petroleum gas at the GEC
outlet is developed and tested. A distinctive feature of the proposed refrigeration unit is that in
it, in place of the bundles of heat exchange pipes inside the casing, a pipe with an external screw
fin is installed.

In this regard, the article is devoted to modeling the heat transfer process in the proposed
refrigeration device and the obtained mathematical models for determining the outlet temperatures,
which allows an adequate assessment of the gas cooling process.

2. Materials and methods

Experimental studies were carried out in Oil and Gas Production Department named after
Narimanov, where gas-powered two-stage piston compressors of the IOGKNAM 2/5-55 type are
ingtalled. In the process of gas compression at the outlet of the first stage of the GEC compressor
cylinder, the values of pressure and temperature correspond to: P=1.7+1.9 MPa, T=115+118 °C.
Gas in this state can’t be directed to subsequent stages of use; it must be cooled. To this end, the gas
is re-routed to the cooling system.

The principle of operation of the technological cooling scheme is shown in Fig. 1.

As can be seen from Fig. 1 initially, seawater, when passing through filters (1), is cleaned of
sand, algae and other fractions. Then it enters the separator (2) in order to re-filter.

Further, deeply purified water from the separator enters the tanks (7). To ensure uninterrupt-
ed water supply, the tanks are connected in series in 2 rows with pipes with a diameter of 150 mm.

The purified water enters the inlet pipe of the heat exchanger (6). Upon completion of the
cooling process, the used water is removed from the refrigeration unit and poured back into the sea.

Associated gas passing from the production well through the separator (4), purifying the
additional fractions contained therein (except gas), enters the first stage of the gas engine com-
pressor (5). Meanwhile, the temperature and pressure of the gas are respectively measured and
recorded using measuring instruments (8) and (9).

The gas cooled from 116118 °C to 36—85 °C, which passes through the maintenance
unit (6), in accordance with the technological regulations:

a) fed to the output line;

b) for re-compression is transferred to the 2nd stage of the compressor.

Functional diagram of the proposed refrigeration device is shown in Fig. 2.
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Fig. 2. Functional diagram of the refrigerator of a new design

As can be seen from the diagram, the cooling agent (sea water) entering the device through
the input of the first pipe (A) is directed towards the hemispherical bottom of the second pipe. Then,
filling the space between the first and second pipes, the water cools the heated gas moving between
the second and third pipes, and moving away from the device through the output (B) is again sup-
plied to the cooling system. In this case, the heated gas supplied to the device through the input (C),
after cooling, is transmitted through the output (D) to the 2nd stage of the compressor or is sent to
consumers through the main gas pipeline.

During experimental studies, in order to conduct comparative analyzes of changes in tem-
perature indicators of the cooling and cooling agents at the inputs A and C, as well as at the outputs
B and D, thermometers WATTS TB-63\50 (for water) and TC7103AC (for gas) thermometers were
installed.

The reliable operation of the refrigeration device depends on ensuring the final temperatures
of both agents involved in the process under the given conditions.

To this end, the research task is simulation of the heat transfer process in the proposed re-
frigeration device and to obtain mathematical models that allow to estimate the final temperatures
(cooling water and cooled gas).
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4. Discussion of research results

According to the functional diagram in the proposed refrigeration unit (Fig. 2), the heat
exchange here is convection in nature, since heat is transferred here by circulation of the working
agents of the liquid and gas. When describing the heat transfer process in refrigeration units, the
following simplifications were made:

— given that during heat transfer, energy transfer occurs from the warmer part of the object
to the less heated part, in our case, the highly heated gas located between the outer and middle pipes
is cooled by transferring heat through the cold wall of the inner pipe;

— in the indicated section of the refrigerator, heat transfer occurs according to a descending
regularity, therefore, the establishment of temperature in the final transition zone can be taken as
simplified.

The heat exchange between the pipes in the cylindrical zone of the device can write a math-
ematical model of the process of heat distribution in the following form:

For a cooling agent (sea water) moving in a cylindrical zone of a device

aT,
ox

w
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For cooled agent (compressed gas)
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Here C and C, are, respectively, the heat capacities of the cooling water and gas; p, and P,
are, respectively, the density of cooling water and gas; T and T, are, respectively, the temperature
of the cooling water and gas;

where a, is the heat transfer coefficient and characterizes the intensity of the cooling process.
Let’s suppose that for the system of equations (1), (2) the initial conditions are given

T, (x,0)=7,(x), 3)
T (x.0)=7,(x). @

Since the temperature is known in the part where the cooled agent is introduced into the
device, the boundary condition for equation (2) can be written as

Tg(O,t)ng(Zf). (5)

It is clear that for equation (1) the boundary condition, as can be seen from Fig. 1 should be
defined at the beginning of the spherical structure of the device. To obtain this boundary condition,
let’s write the heat balance equation for the part where the spherical structure is located

nR™,-C,p, (T, (0.6)- T (¢)) = 2nr2Ra, (T, (1,£) - T, (0,2)).

From here, it is possible to obtain the boundary condition at the beginning of the cylindrical
pipe along which the cooling agent moves

_ro,T,(L,t)+ R, -C,-p, T (t)
- an ' Cw Po + 470’1 .

Z.(0.) ©)
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Here T!(¢) is the temperature in the part where the cooling agent is introduced into
the device.

Thus, the problem is reduced to finding the functions 7, (x,t) and T,(x,t) satisfying the
system of equations (1), (2), the initial conditions (3), (4) and the boundary conditions (5), (6). But
since it is impossible to analytically solve the problem in general, it becomes necessary to use nu-
merical methods of solution.

To find a numerical solution to problem (1)—(6), let’s use the finite difference method. For

this purpose, let’s introduce grids in the region {0<x</,0<¢<T}

mhtz{(xi,tj):xi:ih, t,=J, }

i1=0,1,2,..,n,7j=0,1,2,...,m

Here h=1/n, 1= r are the network steps for the variables x and ¢, respectively. In the intro-
m
duced grid ®,,, let’s write the finite-difference analogue of problem (1)—(6) in the following form:
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As can be seen, the discrete analogue of the differential problem (1)—(6) is the system of
linear algebraic equations (7)—(12). And the variables of this system are approximate values T
and T/ at the nodal points of the grid @, of the desired functions T, (x,t) and T,(x,t). From
this system, the values of the variables 7 and 7, can be found in the following formulas in
explicit form:

j= h.Cm.plf’ . Jj-1 T'ﬂm'cm.pm . J
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The results of a comparative analysis of the temperature values of the cooling agents ob-
tained as a result of the calculations based on the proposed model and determined by experimental
measurements at the output of the device are given in Table 1.
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Table 1
Comparative analysis of temperature indicators of the cooling agents

The flow rate of cooling water, m/s.

Coolants
0.5 1.0 1.5 2.0 2.5 3.0
Gas temperature. °C 56.8 47.8 36.8 36.1 357 353
as temperature, 58.5 486 384 35.5 353 35.1
Water temperature, °C 39.2 343 277 253 237 23.4

Note: In the numerators of fractions, indicators obtained by calculations are indicated, and in the denominator, experimentally
determined indicators.

5. Conclusions

Thus, as can be seen from the analysis of Table 1, with a change in the flow rate of the cool-
ing agent within 0 0.5-1.5 m/s, an intensive decrease in the temperature of the cooled gas occurs.
However, a further increase in speed has little effect on the cooling process.

Mathematical models obtained on the basis of modeling the heat transfer process allow to
adequately evaluate the cooling process in the proposed refrigeration device, and they can be used
in other types of shell-and-tube refrigeration units.
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