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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. 

Аннотация. С развитием компьютерной техники, технологии и программного 
обеспечения появляются возможности их широкого использования при ана-
литических исследованиях химико-технологических процессов. Окончатель-
ная дистилляция хлопкового масла относится к процессам перегонки с помо-
щью острого пара, при котором перенос массы происходит между жидкой и 
паровой фазами. Для составления компьютерной модели технологического 
процесса разработано математическое описание каждого процесса. Полу-
чена полная математическая модель процесса окончательной дистилляции 
мисцеллы хлопкового масла. Разработан алгоритм исследования компью-
терной модели, протекающий на новой конструкции трехступенчатого ди-
стиллятора. Компьютерная модель разработана для трехступенчатого ап-
парата, в котором выходные значения первой ступени будут входными для 
второй ступени и т.д. По полученным графикам в результате исследования 
компьютерной модели видно, что в новой конструкции аппарата процесс 
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массопереноса между фазами протекает интенсивнее и даёт возможность 
исследования самого процесса при различных технологических режимах. 
Ключевые слова: окончательная дистилляция, хлопковое масло, дистил-
ляция мисцеллы, химико-технологический процесс, компьютерная модель, 
производство масла. 

TY^HAeMe. Компьютерлк техниканыи, технологияныи жэне оныи багарла-
малык камтамасыз етшуш дамыту химиялык-технологиялык процестердiи 
аналитикалык зерттеулерi барысында кеишен колдану мYмкiндiгiн жасайды. 
Ма;та майын тазарту массаныи ауысуы суйык жэне бу фазаларына ауыса-
тын катты будыи кeмегiмен айдау процесiне жатады. Компьютерлiк модель-
дегi технологиялык процестердi зерттеу зерттелетiн объектiнiи эсер ететш 
негiзгi факторларын аныктауга кeмектесетiн логикага негiзделген. Техноло-
гиялык процестiи компьютерлк моделiн курастыру Yшiн эрбiр процестщ ма-
тематикалык сипаттамасы жасалган. Жалпы модельге макта майы мицел-
ласын тазарту процесiнiи толык математикалык моделi алынган. Yш сатылы 
тазалаудыи жаиа курылымында eтетiн компьютерлiк модельдi зерттеу ал-
горитмi жасалган. Бiрiншi сатыныи шыгуы екiншi саты Yшiн юретш компью-
терлiк модель Yш сатылы аппаратка арналган. Алынган график бойынша 
компьютерлк модель зерттеуi нэтижесiнде аппарат процесшщ жаиа курылы-
мында фазалар арасындагы массаалмасу процестерiнiи каркынды жYретiнi, 
сондай-ак оны енгiзудiи эртYрлi технологиялык режимдерше арналган про-
цестi зерттеу мYмкiндiгiн беретiнi байкалады. 
TYЙiндi сездер: соигы дистилляция, макта майы, мисцелла дистилляциясы, 
химия-технологиялык процесс, компьютерлiк модель, май eндiрiсi. 

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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Р =р + р + р 
(general) (petrol) (wat.steam.) (oil) (1) 

H e r 6 , P(petroi)' P(wat.steam) P(oii) a r e t h e 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): 

CD 
G-k GD—H 

У_к 

> (((u(1)"u(2))/M_b)/(((u(1)"u(2))/M_b)+((u(1)*(1-u(2)))/M_v)))*P 

Mux_p_b 
fnc_p_b 

*CD 
p_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. 

(2) 

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

d . 
t - k Mux x r 

u(1 )/((Ы 1*u(2)-b10)*100) 

fnc x r x r 

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: 

(3) 

Here, P (pet )- the practical effect of the partial pressure of vapor 
parzialmente the vapor pressure extract gasoline miccella, R -

^ ' (p.press.pet) 

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. 
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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]: 

d m-pet _ r Jpet.micc Jpet.wat steam. (4) 

Here, G -consumption of gasoline, kg/s; G. , . „ G, . . . - the 
' (pet) r ^ ' c? ' (pet.micc) ' (pet.wat steam.) 

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 liq-
uid phase can be determined by heat balance. 

(5) 
rf.T — -» 

Here: q - the incoming energy from the miccella, kJ/s; q -
emerging energy miccella, kJ/s q(pet) is the heat that removes the molecule 
extract gasoline in the vapor phase, kJ/s q(pet) - 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]: 

Ш 
(u(4)*c_Pu(2)-u(3)*c_ru(1)-u(5)'i_by(V_S*ra_g*cJ) 

i ^ 
t к 

Integrators 

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 

dQsteam.phase . _ dQsteam.phase * 
drop • 4steam t petrol * ' d-r 

Here, Q. h . - the amount of heat of the steam phase, kJ; w. , .-(steam.phase) r ' ' (steam) 

steam speed, m/s, consumption of acute water vapor can be taken as 
a constant flow, q(steam)- heat consumption of steam, kJ, q(pet)- 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 = KyF(y - у *) ^ 

M = KxF(x * —x) 
Here, К is the mass transfer coefficient representing the concentra-

tion of the gas phase, K is the mass transfer coefficient representing the 
concentration of the liquid phase. 

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

Volumetric mass transfer coefficient. 

V =
 FU (8) 

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

M = KvaV(y - у *) = KvVV(y - у *) 
M = KxaV(x * -x) = KxVV(x * -x) 

Here, K, ,V and K, ,V is the mass transfer coefficient. The mass trans-
' (y) (x) 

fer coefficient can be described using the mass transfer coefficient. 

K v = -r.—г^ (Ю) 
Ifo тру) \Px mfiyj 

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

CD 
L_n Q ^ b (u(1f(u(2)-u(3)))/(1-u(3)) 

fnc_dl_ 
Mux_dL 

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):. 

Subsvstem2 

Computer model of the process of distillation of the miccella work area. 
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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 
(figure 6):. 

A computer model of the distillation process. 

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

The calculation of the algorithm for calculating these parameters in 
the computer model is shown in the figure below (figure 7): 

0.000167 VJ 0.000167 VJ 

Constant To Workspace 

900 r o j 900 r o j 

Constantl To Workspacel 

0.066 v_g 0.066 v_g 

Constant2 To Workspace2 

0.5 ro_g 0.5 ro_g 

Constant3 To Workspace3 

6000 K_v 6000 K_v 

> 4 
To Workspace5 ConstantIO To WorkspacelO 

18 M_v 18 M_v 300 L b 300 L b 

Constant6 To Workspace6 ConstantH To Workspacel 1 

0.064 M 1 0.064 M 1 

3.47 M 0 3.47 M 0 

Constant8 To Workspace8 

50 

K_v To Workspace4 Constant9 To Workspace9 

An algorithm for entering parameter values to perform calculations on a 
computer model. 
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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, 100-15GPC. 
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. 

х =0,05 %, t =130 0C, L =0,18, P =50 кПа 
n ' ' n ' n ' ' um 

When steam flow G , =0.015 kg/sec, the process temperature t 
steam ^ ' r r ini-

, ,=130°C, the pressure in the apparatus Р =50 kPa, the initial concen-tial ' r r r general ' 

tration ^ ^ = 0 , 0 5 a share, a concentration of volatile component in the liq-
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/ 

' steam ^ 

sec, the temperature tinitia|=1300C, the calculated value of the final concen-
tration of the volatile component in the liquid phase will be equal to the 
initial concentration qinitia =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... = 1300C, the initial concentration х steam ' ^ ' r initial ' ini-

tia =0,0035 shares, the concentration of the volatile component in the liquid 
phase for ten seconds reduced to 0,0015 shares (figure 9): 

0 1 2 3 4 5 6 7 
Duration of process, sec 

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 =1300C, Steam=0.18, P =50 kPa r Steam ' steam ' ' general 

At steam consumption G , =0,015 kg / sec, process temperature 
steam 

t , ,=130°C, the pressure in the apparatus P =50 kPa, the concentra-
initial ' r r r general ' 

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... ,=1300C, while the con-steam ^ ' r initial ' 

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 tinitial=1300C, the concentration of volatile component 
in the vapor phase for ten seconds increases to 0.07 fractions. 
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