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Abstract

This article presents a low-tonnage oil and gasgssing plant (OGPP9), its main process equipment and the oper
principle. Three methods for producing a liquefgedpane-butane fraction and designs of the equipfoeits implementing ar
proposed: compression and condensation, compreasidrfurther throttling which allows the compressggs cool to lowe
temperatures and rectification. The results of micakstudies of the methods of producing liquefgdpane-butane in ¢h
Aspen HYSYS program for the thermodynamic modePehg-Robinson substantiate the method of obtaining theefiec
propane-butane fraction and its design.

Keywords:computer simulation, low-tonnage, propane-butaepasator, throttle effect.

Unlike large oil refinery plants that target spacif of the column. The upper product of the columnigx
raw material stock, mini-refineries can be used tbght fraction removed from the column at a tempam@
process unstable hydrocarbon raw material. Thezeforof 150 °C and fed to the air-cooling apparatus JC1
mini-refineries are often supplied with unstablé @ where the vapors partially condense. The gas-liquid
gas condensate. In its processing, the lightestidrais stream enters the separator (VP). Part of the tiegul
hydrocarbon gas. Mass gas consumption is 5 % of tfleid is returned to the column for irrigation. et
raw material. Capture of a gas stream containingactions are discharged along the height of tHaron
valuable hydrocarbon components (propane and butarty lateral shoulder straps. The first side fractisna
is perspective in terms of its further processimgl,a fraction of 150-200C, the second side fraction is a
consequently, an increase in the rate of utilizatd fraction of 200-350C. The bottom residue of the
Ukraine's energy resources. Therefore, currentsunitcolumn (C) is fuel oil, which is discharged throutjie
layouts must be subject to upgrading and modeiinizat lower fitting and sent to the block of heat exchensg
The paper deals with a low-tonnage oil and ga@iE;.s).
processing plant (OGPP-20), the layout of which is  As a result of the processing of unstable oil & ga
presented in Figure 1. condensate, hydrocarbon gas is formed. As theainiti

The plant works as follows: first, the dehydratedaw material passes through the tank (VC), it also
oil enters the raw material tank (VC), from wherghw begins to actively release the gas fraction. These
the help of pumps @ it is sent to heat exchangersstreams, the hydrocarbon gas and the gas fraation f
(HE;.3), then the heated flow turns in turn to separathe tank (VC), must be mixed and further procegsed
parts of the tubular heater (H). In the tubularteeahe produce liquefied propane-butane. To extricateGhe
raw material is heated to the boiling point, andtiis fraction from the gas mixture it is necessary teate
state it is fed under the lower plate of the daiibn conditions under which the transition of hydrocarbo
column (C). The reflux stream is fed into the uppart from the gaseous state to the liquid with subseuen
separation of the liquid phase will be possible.sit
suggested to consider three ways of producing fiede

* Corresponding author: propane-butane: using separation (Figa),2using a
info@sumdu.eduv.ua throttle effect (Fig. ) and using a deethanizer (Figc)2
) ] ) The separation process is applied in the following
© 2019, Ivano-Frankivsk National Technical way. By mixing hydrocarbon gases, we obtain a gas
University of Oil and Gas. stream 1 that is sent to the compressor (C2) for
All rights reserved. compression. Gas compressed to 1.7 MPa is fedlieto
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Cl, 4— Coolers; R._5— Pumps; HE ;— Heat Exchangers; H — Heater; C — Column; VC,V/Pessel;
1 — dehydrated oil; 2 — dehydrated oil, heatedadibg point; 3 — light hydrocarbon fraction;
4 — condensed light hydrocarbon fraction; 5 — reflé — liquid light hydrocarbon fraction;
7 — fraction 150-200C; 8 — fraction 200—350¢; 9 — fuel oil; 10 — gas light hydrocarbon fraction

Figure 1- OGPP-20 layout

heat exchanger (HE) for cooling. After cooling, wematerial and thermal balances of these lines, namel
obtain a two-phase stream 3 in which lighte€ChemCAD, Aspen HYSYS, MATLAB, Mathcad and
hydrocarbons are in a gaseous state. Separation otfiers [4-6]. It should be noted that these softwar
hydrocarbons from the liquid phase takes place in @mplexes can be used both individually and in demb
vertical separator (S). Methane-ethane fractions4 hation to develop more accurate mathematical models
discharged from the upper part of the separator amadd to process the obtained simulation results [7].
liquefied propane-butane 5 from the lower part. One of the main factors for obtaining reliable

The main difference between the second method simulation results in these software complexeshss t
producing the propane-butane fraction is the thingtt choice of thermodynamic models for the calculatdn
of the compressed gas-liquid stream, which allowvs technological processes. To investigate separatiah
reduce its temperature, with the pressure remainirgpat transfer processes where hydrocarbon comfsonen
equal to 1.7 MPa. This, in turn, will increase #imount are present, it is recommended to use UNIFACK-value
of separated propane-butane fraction. Soave—Redlich—-Kwong (SRK), Rautenbach model and

The third way is to separate the gas-liquid streafeng—Robison models, suitable for the calculatibn o
and obtain the target component, instead of thmaterial and thermal balance, the equilibrium camist
separator uses a nozzle (deethanizer), with auyiliaof hydrocarbon systems at moderate and high pressur
equipment — evaporator and heat exchanger. values [8-10].

Therefore, the purpose of the study is to study the Thus, the tasks of the work are modeling of
processes of obtaining liquefied propane-butanenfrochemical and technological processes occurringhén t
unstable hydrocarbons for the selection of optimaquipment OGPP-20, to substantiate the choice of a
equipment for the low-tonnage oil preparation plant  suitable hardware design for the method of producin

Due to the complexity and duration of surveys angropane-butane fraction.
measurements of the performance of real industrial Aspen HYSYS was selected for the computer
facilities in research related to the development aimulation of chemical engineering processes and
improvement of methods of obtaining the finishedperating modes of the basic equipment of a low-
product, numerical methods and software complexésnnage oil and gas processing plant with a LPG. uni
that implement them are often used [1-3]. Typically The composition of the mixture containing the gas
simulate the modes of technological lines reseaschecomponent is demonstrated in Table 1.
use software systems that allow you to calculate th
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a) using separation; b) using a choke effect;
¢) using a deethanizer (C2 — Compressor; S — Separa

E — Evaporator;C — Deethaniser column)
Figure 2 — LPG unit

First, we define the component composition of the

We choose the Peng—Robinson thermodynamic
model. We specify additional settings, such as:

enthalpy calculation method for equation of state —
Equation of state;

Peng—Robinson state equation variant — HYSYS;

match the equation.

Next we configure the parameters of the original
mixture:

data type — TBP;

acceleration conditions at true boiling point —

ASTM D1160;

viscosity type — Dynamic;

temperature for viscosity 1 — 37.98;

viscosity 2 — 98.88C;

Enter the values of temperature and volume
fraction of the liquid in accordance with Table 2.

We create an output stream, set the temperature,
pressure and flow rate: temperature 480 pressure
0.1013 MPa, mass flow rate 160.0 kg/h.

The last step is a technological layout of
hydrocarbons prepration plant with a LPG unit. For
each method of propane-butane fraction production,
separate technological layout was developed, takitag
account the features of the hardware design (BdiB).

The results of computer simulations of a low-
tonnage oil and gas processing plant (OGPP-20) avith
LPG unit are shown in Table 3. Chemical-technolabic
process simulations were performed for each mettiod
propane-butane manufacturing and with different
operating parameters of the hydrocarbon preparation
plant equipment.

The paper considered three possible schemes for
creating a LPG unit in OGPP-20 plant: with the o$e
separation; using the throttle effect; with the wéea
deethanizer.

The costs of the propane-butane fraction were

original mixture and the molar fractions of thecalculated, taking into account the permissiblersdtd

components shown in Table 1.

vapor pressure: with the use of separation G = K§/8;

Table 1 — Gas mixture composition

Component Volume fraction, % Mass fraction, % Molar fraction, %
Carbon dioxide 0.998 0.998 0.984
Methane 17.642 6.422 17.312
Ethan 12.813 8.742 12.650
Propane 34.153 34.172 34.014
i- Butane 8.281 10.921 8.353
n- Butane 13.247 17.470 13.40
nec Pentane 1.183 1.938 1.216
i- Pentane 6.609 10.820 6.793
n- Pentane 4.284 7.013 4.439
neo Hexane 0.521 0.995 0.555
i- Hexane 0.161 0.307 0.171
n- Hexane 0.106 0.202 0.113

Total 100 100 100
Table 2 — True boiling point and volume fractions 6liquid
Parameter fo tio | tis | oo | tos | t30 | f3s | tao sorbent of tio | tis | o | o5
Temperature 43 73 85 9% 105 115 136 1 Liesel fuel P06 |232 |28
Volume fraction| 0.0f 10.0 15.0| 20.0| 25.0| 30.0| 35.0| 40.0 50.0| 55.0| 60.0| 65.0
ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2019, Vol. 6, Issue 1 9
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Manufacturing of the propane-butane fraction with using the separation
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Manufacturing of the propane-butane fraction with using the throttle effect
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Figure 4 —Manufacturing of liquefied propane-butanefraction, using the throttle effect

using the throttle effect G = 78.4 kg/h; using ahe complexity of the development and operation of
deethanizer G = 104.0 kg / h. The first two institddin  technological equipment, the optimal equipmenttfer
options give almost identical values of the massvfl method of manufacturing propane-butane fractiom is
rate of propane-butane. As for the hardware de#igsm, unit with the use of a deethanizer.
also practically the same. The third option (wilk use In future studies, it is planned to carry out
of deethanizer) allows to obtain more liquefiedgaoe- computer simulations of the chemical and technglagi
butane (approximately by 25 kg/h (600 kg per Yay)processes occurring in the equipment of the gas
But this process is more energy consuming and tlw®ndensate processing plant (Fig. 6) to deternmtige t
distillation column is more complex than the sepmra  optimal operating parameters for determining pdssib
Thus, on the basis of the analysis of calculatimns ways to improve the efficiency and intensity of the
material and energy balances of installations, el a8 separation and heat transfer processes.
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mManufacturing of the propane-butane fraction with using the de-ethaniser

Promane-lutane i -
fraction ®re ” Faw ma

Equiprment
C - Column
HE-1...5 - Heat exchanger
C1-1...4 - Cooler
H - Heater
P1-...5 - Pump
Y-1...6 - Vessel
C2 - Compressor
de-E - de-ethaniser

CLLLLLLLLLE

fuel nll

Qil refining plant. Productivity 20 000 tons per year

Figure 5 —Manufacturing of liquefied propane-butanefraction, using the de-ethanizer

Gas condensate refinery plant
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Figure 6 — Gas condensate processing plant layout
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Table 3 — Technical parameters of LPG units

using separation
K100 compressor
injection pressure, MPa 1.7 1.7 1.7
power, kW 7.85 7.85 7.85
AT4 heat exchanger
initial temperature’C 158 158 158
final temperature’C 45 30 25
thermal load, kW 15.46 17.96 18.74
Consumption of propane-butane fraction, kg / h 78.8 93.3 97.4
Saturated vapor pressure of the propane-butane fraon, MPa 1.69 2.05 2.185
Saturated vapor pressure of the propane-butane fratn according 17
to GOST 20448-90 at a temperature of 48, MPa '
using the throttle effect
K100 compressor
injection pressure, MPa 5.0 5.0 5.0
power, kW 9.8 9.8 9.8
AT4 heat exchanger
initial temperature’C 198 198 198
final temperature’C 71 45 25
thermal load, kW 17.32 20.7 23
Throttle
final pressureMPa 1.7 1.7 1.7
temperature after throttl&C 45 24 8
Consumption of propane-butane fraction, kg / h 78.4 97.7 108.4
Saturated vapor pressure of the propane-butane fra@n, MPa 1.69 2.198 2.67
Saturated vapor pressure of the propane-butane fraon according 17
to GOST 20448-90 at a temperature of 48, MPa '
using the de-ethanizer
K100 compressor
injection pressure, MPa 3.0 3.0 3.0
power, kW 8.45 8.45 8.45
AT4 heat exchanger
initial temperature’C 174 174 174
final temperature’C 25 30 45
thermal load, kW 20.8 20.2 18
De-ethanizer D
op temperaturéC 24 29 44
bottom temperaturéC 81.3 81.5 82.2
pressure in the column, MPa 2.9 2.9 2.9
evaporator load, kW 5.05 4.6 3.2
Consumption of propane-butane fraction, kg / h 104 102 95.5
Saturated vapor pressure of the propane-butane fra@n, MPa 1.69 1.69 1.69
Saturated vapor pressure of the propane-butane fraon according 17
to GOST 20448-90 at a temperature of 48, MPa '
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MopaentoBaHHSA XiMiKO-TEXHOSOriYHUX npoueciB
B yCTaHOBLi NiAroToBKU BYrneBOAHIB

0.0. JIanowenko*, B.®. Moicees®, B.M. Mapefwkl, O.M. nypﬂHCbkuﬁ3,
O.€. Cmapuucmuﬁl, B.B. I('oemyhcl

Y Cymcwruii deporcasnuii ynisepcumem;
eyn. Pumcwroeo-Kopcakosa, 2, Cymu, 40007, Vrpaina

2 . . . .. . . . . .. .
Hayionanvnuii mexuiunuil ynieepcumem <XapKiécoKuil nOIIMexHIYHUL IHCMUnym»;
8y1. Kupnuuosa, 2, Xapxis, 61002,Vkpaina

3[IpAT “ Ypximnpoexm”,
eyn. Invincoxa, 13,Cymu, 40009,Vrpaina

Omnucano MajnoToHHaxHy ycTaHoBky YIIH/VIIK-20 migroroBku BYIJ€BOAHEBOI CHPOBHHM, ii OCHOBHE
TEXHOJIOTiYHe OOJaIHaHHS Ta MPUHIUI PoOOTH. 3ampoNOHOBAHO TPH CHOCOOM OTpPUMAaHHS 3piHKEHOI IMpOITaH-
OyraHoBOi (¢pakimii Ta iX amapaTypHe O(QOPMIICHHS: KOMIpECis Ta KOHIEHCAIlis; KOMIpECis, KOHICHCAIis Ta
MoIajIbIlle JPOCETIOBAHHS, IO J03BOJISE OXOJIOUTH CTUCHEHUH Ta3 10 OUTBII HU3BKUX TeMIIepaTyp; PeKTU(IKaIis.
3a pe3ynbTaTaMd YHCIIOBHX JIOCHI/DKEHb CHOCOOIB OTPHMaHHS 3piUKEHOro IpomnaH-OyraHy Yy Iporpami
Aspen HYSYSust  tepmoaunamivaoi  Mozeni Peng—Robinson6rpyrroBano  crmoci®  OTpuMaHHS — 3pimkeHol
npomnaH-0yTaHoBoi (pakiii Ta ioro anapaTypHe opopMIICHHS.

KnrouoBi cnoBa: dpocenvhuii eghexm, Komn'iomepue MoOemo8ansl, MAl0MOHHANCHA YCMAHOBKA, NPONAH-
byman, cenapamop.
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