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Abstract

As it is known, one of the initial and important stages in the creation of optimal control systems of
oil refining technological units is the development of a mathematical model that can adequately record the
processes at any time. Studies have shown that the lack of information about the state of complex oil
refining processes in many cases reduces their efficiency and effectiveness. On the other hand, the wide
range of both quality and quantity of raw materials for processing makes their efficiency even more
unsatisfactory. Under these conditions, it is difficult to develop mathematical models that can adequately
describe the static modes of technological processes. Due to this the development of mathematical models
is relevant both in scientific and practical terms. Taking into account the above, in the presented paper is
developed a deterministic mathematical model that can adequately reflect the current technological
operating conditions of a vacuum unit, which is the main device of the vacuum column of the primary oil
refining technological complex. On the basis of this model, an optimization algorithm is developed that
allows to calculate the optimal operating modes of the vacuum block.
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Neftin distillo olunmasi qurgusunun vakuum blokunun riyazi modelinin
islanilmasi vo optimallasdirilmasi1 masalasinin hallii

A.A. Safarova
Azorbaycan Doviat Neft va Sanaye Universiteti (Azadliq pr. 16/21, Baki §., AZ1010, Azarbaycan)

Xiilasa

Tadqigatlar gostormisdir ki, miirokkob neft emali proseslarinin voziyysti hagqinda molumatin tam
olmamasi bir ¢ox hallarda onlarin somaraliliyini azaldir. Digor torafdon, qurguya emal {igiin verilon
xammalin hom keyfiyyat, hom do komiyyst baximindan genis diapozonda doyismosi onun idaro
olunmasinin keyfiyyatini geyri-gonastboxs edir. Belo bir soraitdo texnoloji proseslorin statik rejimlorini
adekvat tosvir edo bilon riyazi modellorinin islonilmasi ¢atinlosir. Bu baximdan riyazi modellarin
islonilmasi hom elmi, hom do praktiki baximdan aktualdir. Yuxarida gostorilonlori nozars alaraq toqdim
olunan mogalods neftin emali texnoloji kompleksinin asas qurgusu olan vakuum kalonunun cari texnoloji
is rejimini adekvat sokildo oks etdira bilon determino olunmus riyazi model islonib hazirlanmigdir. Bu
model osasinda vakuum blokunun optimal is rejimlorini hesablamaga imkan veran optimallagdirma
alqoritmi iglonilmisdir.

Acar sozlar:  neft emali qurgusu, K-4 kolonu, riyazi model, adekvatliq, optimallagdirma.

Paspadorka MareMaTH4eCKOM MOAeJM U PpeLlIeHHe 3aJa4d ONTHUMHU3ALMHU
BAKYYMHOH YCTAHOBKH YCTAHOBKH NepepadoTKu HePTH

A.A. Cajdaposa

Azepbatiodicanckuli 20cy0apcmeeHHvlll yHusepcumem Hedmu u npomviuiiennocmu (np. Azaonvie, 16/21,
baxy, AZ1010, Azepbatioxncan)

AHHOTanUA

UccnenoBanus mokazany, 4YTO OTCYTCTBHE HH(OPMAIMKM O COCTOSHHUU CIOXKHBIX IIPOLIECCOB
He(TenepepabOTKH BO MHOTHX CIydasX CHWKaeT UX 3(PQPeKTHBHOCTh M pe3ynbTraTuBHOCTH. C npyroit
CTOPOHBI, IIMPOKHI JUANa30H KaK M0 Ka4eCTBY, TaK U MO KOJMYECTBY CHIPhS s TepepaboTKH JeNaeT ux
3¢ heKkTUBHOCTh elle 0oJjiee HEYIOBJICTBOPUTEIILHOW. B 3THX yClOBUAX CIOXKHO pa3paborarh
MaTEeMaTHYECKUE MOJIENIH, CIIOCOOHBIC a/IeKBATHO OIMCHIBATH CTATHYECKHUE PEKUMbI TEXHOJIOTHUYECKUX
mporeccoB. B cBsa3u ¢ 3THM pa3paboTka MaTeMaTHYEeCKUX MOJIeNiel aKTyallbHa Kak B HAYYHOM, TaK U B
MPaKTHYECKOM IIIaHEe. YUWTHIBasS BBIMICHU3IOKEHHOE, B TMPEACTABICHHOH paboTe pa3paboTaHa
JNETCPMUHUPOBAHHAS ~ MaTeMaTW4yeckas  MOJeNb, CIIOCOOHAas  aJ[eKBaTHO  OTpPaKaTb  TEKYIIUE
TEXHOJIOTHYECKUE YCIIOBUS PAa0OTHl BAaKyyMHOHM KOJIOHHBI, KOTOpasl SBJISIETCS OCHOBHBIM YCTPOWCTBOM
TEXHOJIOTMYECKOT0 KOMITIEKca TIEPBUIHON TiepepadboTkn HedTr. Ha ocHOBe maHHOM Moaenu pa3paboTaH
AJITOPUTM ONITUMU3ALINH, HO3BO.H$II-OH_II/H71 paccunTaTth ONITUMAJIBHBIC PEXKMUMBI pa6OTBI BaKyyMHOI'O OJIOKa.

KuiaroueBble ciioBa: HedrenepepabarbiBaoiias yCTaHOBKA, KojoHHAa K-4, maremaruueckas MOJelb,
aICKBAaTHOCTbh, OIITUMU3AIIHI.
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Introduction

It is known that modern technological
complexes of oil refining as control objects, as
a rule, have a large number of controlled and
uncontrolled parameters, a lack of information
in terms of providing information
characterizing the progress of the process,
high production capacity, the presence of
mutual connections between technological
devices, the various technological devices of
these devices differ a set of connections and
continuity of technological operations [1, 2].

The studies have shown that the main
devices of the vacuum block of the
technological complex are: a tubular furnace
that heats fuel oil; vacuum column for fuel oil
rectification; additional evaporator columns.

It should be noted that the main device
of this unit in terms of produsing targeted
products as a control object is the K-4 column,
which carries out the rectification of fuel oil
under vacuum conditions. The main
technological mode parameters characterizing
this apparatus are temperatures and residual
pressure at different points - at the top and
bottom of the column. In order to maintain
and control the temperatures at different points
in column, the irrigation given to those points
is used. It is especially important to keep the
temperature constant at the bottom of the
column. Thus, its change manifests itself in
the heat balance of fuel oil vapors rising up
along the column, which causes the creation of
additional exciting factors. Temperature
control in the plates receiving heavy and light
oil fractions in the column (at the inlet of
additional evaporator columns has a greater
effect on the yield and quality indicators of the
obtained products.

As a result of the study of this apparatus
as a control object, it was found that changes

in the consumption and quality indicators of
raw materials - fuel oil, removing from the
atmospheric block for processing, manifest
themselves as a more disturbance factor. In
addition to these factors, other disturbance
effects in the system can be compensated for.

An analysis of the scientific literature
confirms that any technological complex,
including an oil distillation unit, can be
studied as a deterministic or incomplete
system, depending on the amount of a priori
information  characterizing its  current
technological state. Experience has shown that
in most cases, one of the main reasons for the
ineffectiveness of such systems is related to
the inadequacy and non-universality of their
mathematical models. In this regard, when
operating the optimal control system of the
vacuum block of the oil distillation
technological complex, the main focus is the
building of a complex of more adequate
mathematical models.

Purpose of the work

Development of a  deterministic
mathematical model that can adequately
describe the current technological conditions
of the main apparatus of the vacuum block of
the oil distillation unit and the solution of the
problem of optimization for the static modes
of the unit on the basis of this model.

Problem statement

The mathematical formulation of the
modeling problem, which expresses the
regression dependence between light oil
fraction yield of the K-4 column of vacuum
section and other parameters, and the
sequence of solving the problem according to
the formulation are as follows. The diagram of
the structural form of K-4 column as a
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modeling facility for the building of a
mathematical model is depicted in Fig. 1.

X1
X2

i3 K-4 —

X4

Figure 1 — Structural diagram of K-4 column

as a modeling facility
Where, X1 — fuel oil consumption in the K-4 column,
md/h; X, — temperature of fuel oil in the K-4 column,
C% X3 — level in the K-4 column, %; X, — pressure at
the top of the K-4 column, kg/sm? Y —yield of light
oil fraction, m%h.

Constraint conditions set for input and
control parameters.

Table 1 — Statistical data table

The linear mathematical model of K-2
column is written as follows (with unknown
coefficients):

y=Db, +Zn:bixi.
i=1

here b; — unknown regression coefficients. x; is
input and y; is output.

There are many ways to find the
unknown regression coefficients of a
mathematical model, one of which is to find
the regression coefficients using the least
squares method [3, 4] . This method is based
on the fact that the square of the difference
between the calculated value and the
experimental one is very small. The initial
statistical data obtained from the passive
experiments required for modeling are as
shown in table 1.

X1 Xz X3 X4 Y
40.15 172.77 29.5 58.3 25.19
41.23 174.5 29.6 58.9 24.87
41.56 175 29.8 58.6 24.2
40.39 177 29.1 58.96 24.2
42.69 183.2 29.1 58.32 24.87
42.4 185.1 29.7 59.32 24.2
42.63 172.7 29.6 59.62 25.2
42.5 172.3 29.3 60.34 24.2
43.6 172.6 29.3 60.4 24.2
43.56 173.1 29.2 60.44 24.87
43.65 172.9 30.1 60.55 24.87
43.89 183.5 30.2 61.2 25.18
41.23 185.2 30.5 62.61 24.2
42.56 182.2 30.5 61.87 24.2
40.89 171.1 30.7 61.3 24.2
40.1 174.56 30.1 61.15 24.2

40 177.8 30 59.65 24.2
41.2 179.5 29.8 60.25 24.2
41.23 176.9 30.7 60.36 24.2
41.65 185.7 30.8 61.97 24.45
41.66 183.8 30.54 58.67 24.45
41.65 180.02 30.12 59.45 24.2
41.32 179.6 30.46 59.46 24.17
41.9 178.2 30.66 59.2 24.19
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Solving of the problem
Development of the mathematical model

The Matlab program is used to build the
mathematical model of the object [5, 6].

Y =Bo + B1X1 + B2Xs + B3X3 + BaXs

We enter the data from experiments into
the program.

The values of fuel consumption:

X1=[40.15 41.23 41.56 40.39 42.69 42.4
42.63 42.5 43.6 43.56 43.65 43.89 41.23 42.56
40.89 40.1 40 41.2 41.23 41.65 41.66 41.65
41.32 41.9];

The values of temperature:

X2=[172.77 1745 175 177 183.2 185.1
172.7 172.3 172.6 173.1 172.9 183.5 185.2
182.2 171.1 174.56 177.8 179.5 176.9 185.7
183.8 180.2 179.6 178.2];

The values of level:

X3=[29.5 29.6 29.8 29.1 29.1 29.7 29.6
29.3 29.3 29.2 30.1 30.2 30.5 30.5 30.7 30.1
30 29.8 30.7 30.8 30.54 30.12 30.46 30.66];

The values of pressure:

X4=[58.3 58.9 58.6 58.96 58.32 59.32
59.62 60.34 60.4 60.44 60.55 61.2 62 61.87
61.3 61.15 59.65 60.25 60.36 61.97 58.67
59.45 59.46 59.2];

The values of yield of light oil fraction:

Y=[25.19 24.87 24.2 34.2 34.87 34.2
35.234.234.234.8734.8734.234.234.234.2
34.2 34.2 34.2 34.2 34.45 34.45 34.2 34.17
34.19];

The number of experiments:

K=24

As a result the program calculates the
coefficients of the equation:

BO = 61.4590, B1=1.1740, B2= 0.2003,
B3=0.2003, B4=-1.1603

The regression equation in a linear form
is formulated as follows:

Y=61.4590+1.1740X1+0.2003X2-0.8598X3-
1.1603X4 (1)

In order to check the adequacy of the
developed linear mathematical model, its
analysis should be carried out, which can also
be performed using Excel. The results of the
analysis include residual error, set correlation

coefficient, Fisher criterion are shown in
table 2.
Table 2 — Adequacy indicators of the

mathematical model

The values obtained from the analysis

Fisher criterion 3.9375

R square 0.172415
Residual error 0.316329
Set correlation 0.941523

coefficient (R)

The number of 24
experiments

The Fisher criterion was used to check
the adequacy of the mathematical model.

The experimental value of Fisher
criterion (Fexp) must be greater than its table
value (Ftab) for the mathematical model to be
adequate:

Fexp<Ftab. 2)

When checking the adequacy according
to set correlation coefficient, the closer the
coefficient R is to the unit (0<R>1), the more
adequate the mathematical model is.

Solving of the optimization problem

For solving of optimization problem it is
used the mathematical program MathCad
taking into account the objective function and
the limitation to input and control effects
[7,8]. Based on the statistical obtained data,
the limitations will be as follows:
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b0 := 61.4590

bl:=1.1740

b2 := 0.2003

b3 := —0.8598

b4 :=—-1.1603

f(x1,%x2,%x3,%x4) := b0 + bl-x1+ b2-x2 + b3-x3 + b4-x4

X1 :=43.56
x2:=173.1
X3 := 29.2
x4 = 60.44
Given

40.1<x1 <44
171.1< x2 < 185.7

29.1< x3 =< 30.96

58.3=x4=<61.97

p = M aximiz éf, X1, x2, X3, x4)

44
185.7
29.1

58.3
f(x1, x2, x3, x4) = 25.18

Optimal value of objective function:

Fopt:25.18

Where, f(x1, x2, x3, x4) — is function
characterizing the yield of the light oil fraction
depends on values of x1- fuel oil consumption
in the K-4 column, x2- temperature of fuel oil
in the K-4 column, x3-level in the K-4
column. x4 - pressure at the top of the K-4
colum According to the conditions of the
problem, the objective function should be
maximum. As can be seen, the maximum
value of the objective function is 25.18.

Table 3 shows a comparison of actual
and optimal values of parameters.
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Table 3 — Results of optimal solution for reaction
products

can adequately describe the current

technological operating conditions of the main

Parameters Actual Optimal apparatus of the vacuum block of the oil
value valuw distillation technological complex and the
fuel oil consumption in 43.56 44 adequacy of the model has been cheked and
the K-4 column, confirmed. On the basis of this model, the
temperature of fuel oil in | 173.1 185.7 problem of optimization, which allows
the K-4 column determining the optimal operating mode of the
level in the K-4 column 29.2 29.1 vacuum column is solved and the optimal
pressure at the top of the | 60.44 583 values of the main rejime parameters of the
K-4 column vacuum column are calculated.
yield of light oil fraction 24.87 25.18
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