
РАЗРАБОТКА ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ И ИНЖЕНЕРИЯ ЗНАНИЙ

УДК 681.5.017 
МРНТИ 50.43.15

GAS TRASPORTING UNIT OPERATION MODES MODELING

N.A. BATAYEV1, A.R. KUZYRGALIYEV2

1Kazakh National Research Technical University after K.I. Satpayev 
2‘‘Zeinet&SSE” LLP

Abstract: Modern Oil and Gas facilities are requiring control systems applications, upon which exclusive 
standards o f quality, and reliable work o f hardware and software are imposed. Gas and steam turbines, high- 
pressure boilers, oil and gas handling, storage and refining systems refer to such facilities. The main objectives 
o f this article are the description o f the software designed to simulate o f multistage gas compressor operation 
modes with associated equipment. A check is made o f the adequacy o f software to real data, checking the 
response o f the system to external influences and changes in system parameters also performed.
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ГАЗ ТАСЫМАЛДАУ АГРЕГАТТЬЩ Ж ¥МЫ С РЕЖИМДЕР1Н МОДЕЛЬДЕУ

Ацдатпа: Заманауи мунай-газ цондыргылары ерекше сапа стандарттарын, аппараттыц жэне 
багдарламалыц сенімді жумысын цамтамасыз ететін басцару жуйелерін пайдалануды талап етеді. 
Осындай нысаналарга газ жэне бу турбиналары, жогары цысымды цазандыцтар, тасымалдау жуйесі, 
мунайды сацтау жэне вцдеу системалары жатады. Бул мацалада коп сатылы газ компрессорыныц 
жэне цосалцы цондыргыларын модельдеу ушін арналган багдарламалыц цамтамасыздандыру баяндалган.

TYMHdi свздер: газ компрессор цондыргысы, газ турбинасы, тасымалдау жуйесі, антипомпаждыц 
бацылау

МОДЕЛИРОВАНИЕ РЕЖИМОВ РАБОТЫ ГАЗОПЕРЕКАЧИВАЮЩЕГО АГРЕГАТА

Аннотация: Современные объекты нефтегазовой отрасли требуют применения систем управления, 
на которые накладываются исключительные стандарты качества и надежная работа аппаратного 
и программного обеспечения. В данной статье приводится описание программного обеспечения (ПО), 
предназначенного для моделирования режимов работы многоступенчатого газового компрессора и 
сопутствующего оборудования, используемого на современных компрессорных станциях. Приводится 
проверка адекватности программного обеспечения реальных данных, проверка реакции системы на 
внешние воздействия и изменения параметров системы.

Ключевые слова: центробежный газовый компрессор, газовая турбина, антипомпажноерегулирование, 
многоступенчатый компрессор, массовый расход

INTRODUCTION
Natural gas is one of the most common 

sources of energy in the modern world. Gas is 
transported from production sites to consum­
ers by gas compressor stations, which makes it 
possible to increase gas pressure for subsequent 
transportation via a gas pipeline. An integral part 
of any compressor station is a centrifugal su-

percharger and a gas turbine. Depending on the 
model, the centrifugal compressor is able to in­
crease the gas pressure by 1.2-1.5 times.

Compressors are generally divided into two 
categories: Positive Displacement Compressors 
and Dynamic Compressors. Positive displace­
ment compressors in essence work by entrap-
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ping a volume of gas and subsequently reducing 
this volume which in turn increases the pressure. 
Positive displacement compressors will not be 
covered further in this article.

Dynamic compressors generally work by 
transferring movement to the gas; i.e. kinetic en­
ergy is transferred from the machines internals to 
the gas. By subsequent reduction of this veloci­
ty the kinetic energy is converted into potential 
energy -  pressure. The two main types o f dy­
namic compressors are: Axial Compressors and 
Centrifugal Compressors.

Axial compressors transfers movement to the 
gas in the axial direction. This is done by a series of 
rotors similar to those seen at the air intake in the 
front ofjet-engines. Each rotor is followed by a sta­
tor where the kinetic energy, transferring to the gas 
by the rotor, is converted into pressure. Centrifugal 
compressors, on the other hand, work by transfer­
ring movement to the gas in radial direction by an 
impeller. This outward velocity is then converted 
into pressure in a diffuser.

Based on the theory for centrifugal com­
pressors and control theory a control strategy has 
been applied to the model based on the available 
equipment. The model has been used to investi­
gate how the gas compression system responds 
to changes in the compressor inlet flows and con­
ditions. The concept of using the model of the 
compressor and the compressor control system 
model.

The main task of the compressor station 
is the uninterrupted operation of gas pumping 
units for supplying gas to various settlements 
and plants. In this regard, the task of modeling, 
troubleshooting and diagnostic of gas pumping 
units is very important. Like any other equip­
ment, gas turbine parts wear out over time. It is 
very important to prevent damage in due time. 
And it is best to make a forecast o f future faults 
in time to eliminate them. The sources describe 
various methodologies for modeling [1]-[8] and 
diagnostics o f gas turbine engines [9]-[14]. Fault 
classification using machine learning methods 
are given in the source [15]-[17].

This paper describes the software designed 
to simulate of gas transporting unit’s operation 
modes with associated equipment.

METHODS
The considered software is an interface 

that allows users to create various technolog­
ical schemes involving elements such as gas 
compressor, heat-exchanger, gas-liquid sep­
arator, valve, anti-surge control line. User can 
select these elements from the library and gen­
erate the required schemes by connecting ele­
ments to each other in any sequence. The user 
is prompted to select required gas components 
from library. The main window of the software 
is shown in Fig. 1.

Fig. 1. The main interface o f  the developed software
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The application consists of the number of 
different objects which simulates the real equip­
ment. The main objects are: compressor -  is the 
mathematical model of the real gas compressor; 
separator -  is the mathematical model of the real 
gas-liquid (2 stage) separator (knock-out drum); 
heat exchanger -  is the mathematical model of 
the real gas heat exchanger (as the cooling liquid 
is used water); valve -  is the mathematical mod­
el of the real valve; compressor driver, gas flow 
input, gas mixer (multiplexor) and tie (divider).

Compressor one of the main equipment in 
simulated model. It is possible to build differ­
ent structures with compressor: parallel, serial, 
parallel-serial, etc. Each compressor has own 
parameters such as compressor curve, nominal 
speed, polytropic efficiency, capacity. Fig. 2 is 
the Dialog box for enabling compressor param­
eters. The tab “Main parameters” contains inlet 
and outlet parameters of the compressor, the tab 
“Gas composition” shows current gas composi­
tion through compressor. These two tabs are the 
same for all other objects (the same number and 
type of parameters).

In order to draw compressor curve user 
should enter Flow array and corresponding 
Polytropic Head array; these parameters will 
be different for different types of compressors. 
These arrays will draw red line at the curve. 
Then the special function inside of this block 
will calculate polynomial coefficients (a,b,c,d) 
of the function dxA3+cxA2+bxA1+a which will 
approximate red line, at the curve the light blue 
line is the approximation function. The approx­
imating coefficients array [a,b,c,d] sends to a 
corresponding compressor, where using these 
coefficients calculates Polytropic Head for cur­
rent volumetric flow through the compressor by 
the next equation:

Hn — d • Q3 + c • Q2 + b • Q +  a (i)
This dialog box also allows to users to save 

compressor curve arrays to file (“Save as” in 
menu), *.txt format is recommended, and to up­
load earlier saved arrays from file (“Upload” in 
menu). Further Polytrophic Head is used for cal­
culation of compressor’s discharge temperature 
and pressure.

Fig. 2. Centrifugal gas compressor dialog box

Gas-liquid separator is used to separate gas 
and water vapor. In Fig. 3 is shown Dialog box 
for gas-liquid separator.

Fig. 3. Dialog box fo r  separator

From dialog box user can set parameters 
for separator: Vessel diameter, Vessel height, 
Condensate Level set-point, Separation quality. 
Level set-point is compares with the current con­
densate level, if  the set-point is more than the 
current value liquid drain valve is opens. Number 
of separation phases is the parameter which 
simulates the separation process efficiency: “ 1 
phase” -  means that the 80% of the condensate 
will removed, “2 phase” - means that the 90% of 
the condensate will removed, “3 phase” - means 
that the 95% of the condensate will be removed. 
If the gas composition will not contain water, the 
separator’s condensate level will be unchanged. 
The tab “Separator parameters” contains calcu­
lated specific parameter of the separator.

The application contains two main types 
of valve: common valve and an anti-surge one.
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Common valve could be chosen directly from 
object panel, anti-surge valve could be add­
ed from compressor’s dialog box by enabling 
“Add Anti-Surge Control” check box. In Fig. 4 
is shown Dialog box for common valve. In the 
“Valve Properties” tab user can choose appropri­
ate parameters for valve:

“CV value” -  CV value for valve or capaci­
ty of the valve in US GPM.

“C1 value” -  C1 value according to valve’s 
passport data.

“Const. press. drop” -  constant pressure 
drop at valve in [bar].

“Shutdown valve” -  if  this check box en­

abled after pressing stop button valve will go to 
fully close position (0%)

“Valve pos.” -  manual value for valve posi­
tion from 0 to 100%

“Valve opening time” -  time in seconds re­
quired to change the position of valve from 0% 
to 100% or versa from 100% to 0%.

“Disch. Press.” -  enabling of this checkbox 
allows to keep the discharge valve’s pressure at 
constant pressure, “Const. press. drop” will be 
disabled.

“Flow Charact.” -  allows to choose valve’s 
capacity characteristic: Linear, Quick Opening 
or Equal Percentage.

Fig. 4. Dialog box fo r  valve

“Auto/Manual control” -  if  this checkbox 
disabled valve will open according to setpoint 
indicated in “Valve pos.” field. If this checkbox 
enabled valve will opened or closed in order to 
keep the setpoint of outlet volumetric flow or 
temperature indicated in the field below.

“PID Gain” -  is the proportional gain for 
valve position regulator (applicable if “Auto/ 
Manual control” enabled)

“PID Ti” -  is the integration time coefficient 
for valve position regulator (applicable if “Auto/ 
Manual control” enabled)

RESULTS AND DISCUSSION
To validate the results, software has been 

tested. Two stage gas compressor has been mod­
eled in startup sequence [18]. This mode involves 
acceleration of compressors and reaching of rat­
ed speed with fully open anti-surge valves. One

of the important parameters for this simulation 
mode is the time required to accelerate compres­
sors to nominal speed. For simulated and real 
systems this time is 60-70 seconds. Fig. 5 - Fig. 
7 are shows changings of volumetric flow, pres­
sure and temperature during compressors’ start 
sequence.

As seen on trends the character of the vol­
umetric flow-rate changing smoothly while the 
anti-surge valves are fully open, as anti-surge 
valves closing the character of flow changing.

The Fig. 6 shows that the character of pres­
sure changing without high fluctuations. The 
pressure difference between the outlet of the first 
compressor and inlet of the second compres­
sor for simulated system is greater than for the 
real one, as well as in the simulated system be­
tween the first and the second stages the valve 
is mounted with the constant pressure drop. The
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Fig. 5. Volumetric flow-rate o f  gas during the compressors ’ start sequence
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Fig. 6. Pressure o f gas during the compressors ’ start sequence
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Fig. 7. Temperature o f  gas during compressors ’ start sequence

gas pressure at the 2 stage discharge is rises then 
decreases.

Temperature trends for compressor’s start 
sequence shows slight differences between the 
simulated and the real systems. For the simulat­
ed system the initial values of temperatures are 
20 °С, for the real system the initial temperature 
for the second compressor is 40°С. This is due 
to the fact that the software is not modeled heat 
accumulation on the walls of the compressor.

CONCLUSION
Within this article there was presented a de­

scription of software for simulating multistage 
gas compressor operation modes; carried out a 
series of tests to verify the adequacy of the soft­
ware to real data and reaction of the system to 
external influences. According to test results, 
we can conclude that the simulated system for 
different operating modes and parameters gives 
results close to real. It can be suggested that con­
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sidered software allows to estimate real process­
es in equipment such as gas compressor, heat-ex­
changer, gas-liquid separator, gas valve, pipe; 
presented calculations are based on real data and 
show the practical significance of the obtained 
results; each equipment described by mathemat­

ical model with corresponding formulas which 
leads the model to the real technological pro­
cess; given software takes into account factors 
affecting the real process of gas compression; 
simulation algorithms adequately reflect the real 
processes in the present equipment.
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