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A STUDY OF THE PROCESS OF THE FINAL DISTILLATION
OF COTTONSEED OIL ON THE COMPUTER MODEL

Abstract. The development of computer technology, technology and its software
provides opportunities for their wide use in analytical studies of chemical process-
es. The final distillation of cottonseed oil refers to the processes of distillation by
means of sharp steam, in which the mass transfer occurs between the liquid and
vapor phases. The study of technological processes on the computer model is
based on the logic of formation contributing to the definition of the main influencing
factors of the object under study. To compile a computer model of the technolog-
ical process, mathematical descriptions of each process and for the process are
developed. The generalization to the General model obtained a complete mathe-
matical model of the process of the final miccella distillation of cottonseed oil. An
algorithm for the study of a computer model that will flow on the new design of the
three-stage distiller. The computer model is developed for a three-stage device,
in which the output values of the first stage will be input for the second stage, etc
according to the obtained graphs, as a result of the study of the computer model, it
is clear that in the new design of the device the mass transfer process between the
phases is more intense, and there is a possibility to study the process for different
technological modes of its introduction.

Keywords: inal distillation, cottonseed oil, miscella distillation, chemical engineer-
ing process, a computer model, the production of oil.

AHHoTaums. C pa3BUTUEM KOMMBIOTEPHOW TEXHUKM, TEXHOMOMMK U MPOrpamMMHOro
oBecneveHuUsi NOABNAOTCS BO3MOXHOCTU UX LUMPOKOTO UCTIONb30BaHWUSA NMpy aHa-
NUTUYECKUX UCCMEAOBaHNUAX XUMMKO-TEXHOMOrMYECKHX NpoLieccoB. OKoHYaTeNb-
Hasi AUCTUIISLMS XIOMKOBOMO Maciia OTHOCUTCS K MpoLieccam NeperoHkn ¢ Momo-
LLbH0 OCTPOro Mnapa, Npy KOTOPOM MEPEHOC Macchl MPOVUCXOAUT MeXIY XKUAKOW 1
napoBol chasamm. [nsi COCTaBMNeHUs1 KOMMbIOTEPHOR MOZENN TEXHOMIOMMYECKOro
npolecca pa3paboTaHo MaTemMaTWdeckoe ornucaHue kaxgoro mpolecca. lony-
YeHa NoSiHasi MaTeMaTyeckasi MoZerb NnpoLecca oKoHYaTeNbHON AUCTUMNALMM
MUCLIENMbI XJIOMKOBOrO Macna. PaspaboTaH anropuTM UcCrefoBaHUst KOMIbIo-
TEPHOW Mofenu, MpoTeKalolWniA Ha HOBOW KOHCTPYKLUM TpexcTyrneHyaToro Au-
cTunnsTopa. KomnbloTepHast Mofens paspaboTaHa Ans TpexcTyneH4aToro ar-
napaTa, B KOTOPOM BbIXOAHble 3Ha4YeHWUs MEPBOW CTyneHW ByayT BXOAHBIMU LS
BTOPOM CTyMeHW U T.4. Mo nonyYeHHbIM rpadhkam B pesyrbTaTe UccrefoBaHus
KOMMbHOTEPHOW MOAEnM BUOHO, YTO B HOBOW KOHCTPYKLUMM annapaTa npouecc
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Muwesas NPOMbILLTIEHHOCIMb

MacconepeHoca Mexny qDa3aMI/I npoTtekaeT MHTEHCUMBHeE U [AéT BO3MOXHOCTb
nccecnengoBaHsA camMmoro npouecca npy pasyiMyHbIX TEXHOJIOTMYECKUNX peXnMmax.
KnrouyeBble cnoBa: okoHYaTenbHast AUCTUMNAUMS, XIIONMKOBOE Macno, AUCTUI-
NAUMA MUCLENbI, XUMUKO-TEXHOSOrMYECKUIA npouecc, KoMmnblTepHaa Moaenb,
nponsBoacTBo Macna.

TyniHaeMe. KommbloTepnik TEXHUKaHbIH, TEXHOMOMMSHbIH XaHe OHblH Bafapna-
MarblK KamMTamachkl3 eTINyIH AaMbITy XUMUSIbIK-TEXHOMOMMAMbIK MpoLecTepdiH,
aHanuTUKanblK 3epTTeynepi bapbicbiHAa KEHIHEH KoNndaHy MyMKIHAIrH xacangbl.
MakTa MaibliH TasapTy MaccaHblH aybICybl CyibIK XeHe By cdasanapbiHa aybica-
TbIH KaTTbl ByabIH KemeriMeH aifjay npoueciHe xaTagbl. KomnbloTepnik moaens-
eri TEXHONOrMAnbIK NpoLecTepai 3epTTey 3epTTeneTiH obbLeKTiHIH acep eTeTIH
Herisri chakToprapblH aHblKTayFa KeMeKTeCeTiH Nornkara HerisgenreH. TexHono-
TMANbIK NPOLIECTIH KOMMbIOTEPMiK MoAeNH KypacTbipy YLiH apbip npouecTiH ma-
TemaTuKanblK cunatTaMacsl xacanFaH. XXannbl Mogensre mMakTa Maibl MuLen-
nacblH TasapTy NPOLECIHIH TObIK MaTemMaTuKarblk Mogeni anbiHFaH. YL catbifbl
TasanayfplH >kaHa Kypbl/lbIMblHAA ©TETIH KOMMbIOTEPIiK Modernbai 3epTTey ar-
ropuTMi XacanfaH. BipiHWi caTblHbIH LWbIFybl €KiHLWI caTbl YLWiH KIPETIH KOMMbIO-
Teprik MoAenb YW caTbifbl annapaTka apHasnfaH. AnblHFaH rpaduk BoMbliHLLIA
KOMMblOTEpPNiK MOAE b 3epTTeyi HaTWKeCiHAE annapaT NPOLECIHIH XKaHa Kypblbl-
MblHAa hasanap apacblHAarbl Maccaanmacy npouecTepiHiH KapKbIHAbI XYPETiHI,
CoHpAaw-aK, OHbl eHri3ydiH apTypSli TEXHOMNOrUSAMbIK PEeXMMAEPIHE apHalFaH npo-
LiecTi 3epTTey MyMKiHAiriH 6epeTiHi Barkanagbi.

TyniHAai cesaep: CoHFbl QUCTUNAALMS, MaKTa Malibl, MUCLENNa AUCTUNNALMSACHI,
XUMUA-TEXHOSOMUANBIK MPoLecc, KOMMNbIOTEPNIK MoAenNb, Man eHAipici.

Introduction. Computer simulation is one of effective methods of
studying processes. Often, computer models are easier to explore, they
allow for computational experiments, the real production of which is diffi-
cult or may give unpredictable results. The consistency of computer mod-
els allows to identify the main factors determining the properties of the
objects under study, to investigate the response of the physical system to
changes of its parameters and initial conditions. Many scientists studied
the processes by analytical methods [1]. Our research of the process of
mass transfer during final distillation of the micelle cottonseed oil based
system analysis. When the system analysis of the mathematical descrip-
tions of the process under study starts from the lower level of the hierar-
chy, as sub-process, the partial pressure of the component.

Method of research To determine a stable concentration of light vol-
atiles is necessary to determine the partial pressure of the components.
According to Dalton’s law, the pressure of the gas mixture (p) is the sum
of the partial pressures of its components [2].
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P . +P +P

P(general)= (petrol) (wat.steam.) (oll) (1 )

Here, P oy Patsteam Prony @re the corresponding partial pressure of
gasoline, the input of steam and volatile components of oil, kPa.

After some mathematical transformations of the equation will get a
mathematical change in the partial pressure of the volatile component in
the vapor phase, which can be represented in the following form with the

help of computer graphics (figure 1):

(U1 uE2)M_BYEUC Ul 2D _b)+ ([ut T 1-u2im )P |——§CD
fnc_p_b pb

YK Mucp b

A computer model of the process of change of partial pressures of
letuchih substances of miccella in vegetable oil: u(1)=G, u(2)=y.

Knowing the partial pressure of the volatile component, it is possible
to determine the equilibrium concentration in the liquid phase.

()

Then the image in computer graphics, equilibrium concentrations will
change so (figure 2):

u(13((b11*u(2)-b10)*100)
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In the classical calculation methods are sometimes used, the satura-
tion level of acute water vapor (an inert gas) distillation of the miccella, it
is characterized by koeffitcient:

©)

Here, P(pet— the practical effect of the partial pressure of vapor
extract gasoline miccella, R( parzialmente the vapor pressure
equilibrium.

The vapor phase can be viewed as an ideal gas. The partial pres-
sure will change in accordance with the number of molecules of each
component.

p.press.pet)_
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The mathematical expression of the change of the petrol extract in
the liquid phase are determined by material equality.
Supplied sharp steam vaporizes the lighter components of the liquid
phase in the working zones of the machine.
The hydrodynamic structure of the gas and liquid phases can be tak-
en into account by the model of ideal mixing in the equipment [3]:
dmver _ 2 (4)

Ipet.mice Ipet wat steam.

Here, G —consumption of gasoline kg/s; G, mice)” G(petwat stoam )~ —the
consumption of evaporated petrol vapor in the vapor phase and offset the
petrol extract from the miccella, kg/s;

The mathematical expression for the temperature change of the lig-

uid phase can be determined by heat balance.

®)

Here: q,.... — the incoming energy from the miccella, kJ/s; q,.,, —
emerging energy miccella, kJ/s Ape |s the heat that removes the molecule
extract gasoline in the vapor phase kJ/s Aoty — — the heat transfer from
vapor phase to liquid phase, kJ/s,

From the heat balance equation (5) after mathematical transfor-
mations the equations above with formalized mathematical description
and computer model characterizing the temperature change of the liquid
phase (figure 3): [4]:

—-— (U@ c_I"u{2)-u(3) c_fu(1)-ui5)i_b¥(V_g*ro_gc_l) J } ‘
I
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A computer. model of the process of temperature change of the liquid phase.

Acute water vapor moves from the miccella in the working area of the
machine. Applying the hydrodynamic structure of the phases as perfect
mixing in the following expression

dQstsam.phass  vay . dQstsam.phass

e drop - - “Usteam — 9 petrol T

Here, Q(Steam_phase) - the amount of heat of the steam phase, kJ; Witoam)”
steam speed, m/s, consumption of acute water vapor can be taken as
a constant flow, Astoami™ heat consumption of steam, kJ, Aot~ heat con-

sumption for heating molecules of extraction gasoline, passing from the
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liquid phase to the steam, kJ [5].

Studies in the computer model show that the influence of the heat frac-
tion of the gas phase is negligible when using higher power heat sources.

Mass transfer process is the difference in the concentration of the
distributed substance in the interacting phases. Consequently, the amount
of substances M in the transition from the first phase to the second phase
in time is expressed in this way [5]:

M=KFy-y=* 7)
M =K _F(x*—x)

Here, K. . is the mass transfer coefficient representing the concentra-
tion of the gas phase, K. . is the mass transfer coefficient representing the
concentration of the quuia phase.

The effective force of mass transfer is the difference between the
equilibrium and operating concentrations of the components.

Volumetric mass transfer coefficient.

v =Ffa ®

Here, a- is the specific contact area of the phases, m2 / m3.With the
formula (8) in mind, we obtain:

M=Kal(y—y*) =KyV(y—-y*
M=K.al(x*—x)=K,V(x*—x)}
Here, K(y)V and K(XV is the mass transfer coefficient. The mass trans-
fer coefficient can be described using the mass transfer coefficient.
K,=7r—— (10)
\Bx “mBy/

The process of determining the expiration of the volatile component
of the liquid phase is primarily a computerized model (figure 4):

)y
Ln (WU U2-uBINA-u(3) l
fnc_dL
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Computer model of the process of transfer of volatile substances
flow of vegetable oil miccella from the liquid phase to the gas phase.

The Generalized mathematical model of the process occurring in the
working area of the device can be described by the following system of
equations:
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Aggregating mathematical models of processes in subsystems for-
malized computer model for the process of distillation of the miccella in
the working area of the distiller of the miccella using the program “Matlab
Simulink” (figure 5):.

Subsystem2
Computer. model of the process of distillation of the miccella work area.
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(figure 6)..
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Mathematical expressions of the working area of the device. A com-
puter model of the final distillation unit composed of three working areas

|
|

=g
\

A computer model of the distillation process.

Each working area of the distiller has input and output parameters.
is constructed.

The output parameters of the first zone are the input parameters of
the second zone. So, the output parameters of the previous stage are
considered to be the input parameter of the next stage.

With the help of computer simulation in the program “Matlab Simulink

“the model of the final distiller with the proposed new design of the device

The calculation of the algorithm for calculating these parameters in
the computer model is shown in the figure below (figure 7):
= I ] | | |
Constant To Workspace To Workspace5 Constant10  To Workspace10
900 |——| ro_| | | 18 |——| M_v | | 300 |——| ib |
Constant To Workspace1 Constanté To Workspace6 Constant11 To Workspace11
0.066 ——| V. g | | 0.064 |——| b11 |
Constant? To Workspace2
| 05 |——| ro_g | | 347 I——l b10 |
Constant3 To Workspace3 Constant8 To Workspace8
| 6000 |——| K_v | 50
K v To Workspace4 Constant9

computer model.

To Workspace9
An algorithm for entering parameter values to perform calculations on a
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The study of the mathematical model is performed at the following varia-
tion of the initial data.
Initial flow rate of the miccella, 0.15-0.17 kg / s
The initial concentration of the miccella in shares, 0.90 — 0.95.
The initial temperature of the miccella, 100-150°C.
The pressure in the distiller, 4-6 MPa.
Consumption of sharp water vapor, 0.015-0.03 kg / s.

As a result of the study of the computer model of the final distillation
process of the cotton oil miccella, the following dependencies were ob-
tained, which are shown in the graphs (figure 8):.

The change in the concentration of volatile component (extraction gaso-
line) in the liquid phase, depending on the time with the following param-
eters of the process.

x =0,05 %, t =130°C, L =0,18, P,_=50 klla

When steam flow G =0.015 kg/sec, the process temperature t
= 130°C, the pressure in the apparatus P enera|—50 kPa, the initial concen-
tration x .. =0,05 a share, a concentration ‘of volatile component in the lig-

uid phase within seven seconds in the first zone of the device decreases
to a share of 0.0125.
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Since the concentration is carried out in the apparatus of three con-
secutive zones, in the second zone the steam flow rate is G__,_=0.009 kg/
sec, the temperature t  _=130°C, the calculated value of the final concen-
tration of the volatile component in the liquid phase will be equal to the
initial concentration q_ _=0.0125 fractions, for the second stage, the con-
centration of the volatile component in the liquid phase for eight seconds
is reduced to 0.0035 fractions.

In the third zone of the apparatus, the steam consumption
G,..,=0:006 kg/h, temperature t . =130°C, the initial concentration x
.—0,0035 shares, the concentration of the volatile component in the liquid
phase for ten seconds reduced to 0,0015 shares (figure 9):

The change in the concentration of volatile component (extraction gas-
oline) in the liquid phase, depending on the time with the following parame-
ters of the process. , _ =0.05%,t __ =130°C, Steam=0.18, PgeneraI:50 kPa

At steam consumption G____=0,015 kg / sec, process temperature
t ..,=130°C, the pressure in the apparatus PgeneraI:50 kPa, the concentra-
tion of volatile component in the vapor phase for seven seconds in the first
zone of the apparatus increases to 0.31 fractions.

Summary. Since the concentration is carried out in the apparatus of
three zones connected in series, in the second zone the steam consump-
tion is G, =0.009 kg/sec, the temperature t . =130°C, while the con-
centration of the volatile component in the vapor phase for eight seconds

increases to 0.14 fractions.
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In the third zone of the apparatus, steam consumption G

=0,006
steam !
kg/sec, temperature t =130°C, the concentration of volatile component

in the vapor phase for ten seconds increases to 0.07 fractions.
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