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JuxanbaeBa @.TAGxanosa II.A., CezaeikoBa JI.C., Pckennuer b.A. Camapomni H., Xaxxumykan A.
Expansion of assortment of meat products for heroin production
Summary. The article presents recipes for new types of meatballs with increased food and biological value -
meat semi-finished products with plant raw materials for gerodietic nutrition.As a result of research in order to increase
the biological value of new types of cutlets, the use of wheat bread in the recipe is replaced with pumpkin powder,
buckwheat and oatmeal.
Key words: geodetic nutrition, meat products, cereals, vegetable raw materials, supplements, nutritional value.

Juxanbaera ®.T., Adxanosa LI A. Ce3apixoBa JI.C. PckenaueB b.A. Canapanu H. Xaxumykan A.

Pacmupenne accopruMeHTa MACHBIX IPOAYKTOB /ISl TEPOJAUHTHYECKOT0 IPOU3BOJCTBA

Pe3rome. B craTse mpencTaBieHsl perenTypsl HOBBIX BHIOB KOTJIET IMOBBIIICHHOW MHUIICBON M OMOIOTHYECKOM
LIEHHOCTBIO - MACHBIX MOITy(haOpHUKaTOB C PACTUTENBHBIM CHIPBEM I TEPOJUETHIECKOTO MUTaHus. B pesynbraTe mc-
CJICZIOBAHUS B LIEJIAX MOBBIIICHHS OMOJIOTMYECKON IEHHOCTH HOBBIX BHJOB KOTJIET HCIIOJIb30BAHHUE MIICHUIHOTO XJieba
B PELIENTYPE 3aMEHEHO THIKBEHHBIM IIOPOLIKOM, IPEYHEBOM U OBCSHOM MYKOH.

KnroueBble cioBa: reoJueTHYECKOE NMUTAHHE, MACHBIC NMPOAYKYTHI, KPYIIBI, PACTUTENBHOE ChIphE, HOOABKH,
nuieBas HCHHOCTD.
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S. Bolegenova, Sh. Ospanova, B. Rakhat, A. Arystan, A. Turbekova, M. Turgynov
(Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: Shynar.Ospanova@kaznu.kz)

COMPUTER SIMULATION OF THE BREAKUP, DISPERSION AND EVAPORATION
PROCESSES OF LIQUID HYDROCARBON FUELS’ DROPLETS

Abstract. This article is devoted to the study of breakup, dispersion and evaporation of drops of two types of
liquid fuels. The octane and dodecane were used as liquid fuels in the researches. There was also constructed the model
of the combustion chamber in a cylinder form. During the numerical simulation has been determined optimum combus-
tion mode for two types of liquid fuel. Optimum pressure for octane was 100 bar and for dodecane was 80 bar. Optimal
injection mass for octane was 6 mg and for dodecane was 7 mg. Under these optimum values the computational
experiments to study of ignition and combustion of octane and dodecane were conducted.

Keywords: combustion, numerical simulation, octane, dodecane, combustion chamber.

One of complex challenges of thermal physics is the numerical study of the combustion of liquid fuels, due
to accounting of a large number of complex, interrelated processes and phenomena. Therefore, numerical simula-
tion is becoming vitally important in the area of study of combustion processes and design of different devices,
which use combustion process. Undoubtedly, in the future its role will increase. Having opportunity to optimize
some experiment on the basis of its virtual prototype making wide distribution of Methods of computing hydro-
dynamics over the thermal physics. Obviously, in this days all problems arising in aerodynamics and hydrody-
namics at the numerical solution of the equations of Navier - Stokes, will be hardly solved. Therefore, due to the
dramatic popularity of numerical studies in solving scientific and technical problems, it is necessary to ensure
more possibilities of scientific and practical sides of this issue. Methods of mathematical modeling can be the
most successful condition to solve practical issues in each subject area.

Improved prospects of wide using of methodology and the specific physical results in considered areas
and also paths of more efficient application of methods of mathematical modeling which use the modern
computer technology in various subject areas are realized by high level of researches achieved [1]. It is ob-
served that in recent years, produced 60 million cars that is approximately 165,000 cars produced per day,
this is the relevance of using of liquid fuels. Nowadays car engines are significantly different from decades
ago ones. The main combustion process in engines is the same, but the types of injections are substantially
different. For example, modern engines with electronically controlled injection system with air compression
mechanism which enhances the combustion process, use only the required amount of fuel [2-4].

Thus, problems of saving energy and improvement of an ecological condition of heat-power object in
many respects depend on the organization of high-quality combustion of fuel. However, considering that all
available technologies of a fuel-preparation and combustions are practically perfect, but the efficiency and

KRa3¥T3Y xabGapmbicbl N2 2018 277



mailto:Shynar.Ospanova@kaznu.kz

o TexHMuUEeCKHE HAYKH

ecological purity of package boilers in many cases are not well done, consequently, there is a problem of
searching of new methods in the field. Simulation of the collapse, dispersion, evaporation and combustion of
liquid fuel droplets under different initial conditions is relevant to solve this problems.

Introduction of new technologies requires the considerable expenses, therefore increasing require-
ments are imposed to methods of projection and working off of equipment. Thus, now, the special attention
gets not only creation of efficient physical and mathematical analogs, but also development of new more per-
fect methods of numerical realization of systems of the subtraction equations describing a convective heat-
mass transfer in combustors. Mathematical modelling of combustion of liquid fuels is the complex challenge
as it requires the accounting of a large number of the complex interrelated processes and the phenomena such
as: multistage chain chemical reactions, transfer of an impulse, heat and weight by a convection, molecular
transfer, radiation, turbulence, evaporation of drops of liquid [5].

Size of drops can reach several microns, while the sizes of fuel channels exceed them by several times
under atomization of liquid fuel by pneumatic nozzle of the gas-turbine engine. Using uniform grids in de-
scribing the collapse of the liquid film on a droplets of various sizes requires correct permission net model of
phase boundaries, which leads to unreasonably high computing expenses. Application of a local refinement
of grids allows to manage less detailed grids and helps to approach the problem. But there is a question of
influence on results of simulation of the dynamic changes of the grid model, associated with the characteris-
tics of airborne-droplet flow instead.

The majority of currents by the nature have turbulent character, a condition of turbulence strongly in-
fluences on such parameters of a current as transfer of an impulse, temperatures and concentration of sub-
stances in the mixture during the flow motion. In this chapter, the thesis shows the mathematical model de-

scribing the burning of liquid fuels on the basis of the equations of conservation of mass(p), momen-

tum(pU), energy (E) and concentration (C) [6-8].

mass ! (1)

where U - the velocity of the fluid. The source term S

evaporation or condensation.
The conservation equation of an impulse of gas has the following appearance:

op o,
—— +div(pl) =S
- (pU)

is a local change of gas density due to

mass

p%+p(ﬁ-grad)UzdiV§+p§+Smom. 2

Simom =0 for a single-phase flow of gas; Sy,om is the local rate of change in momentum in the gas

phase due to the movement of droplets for two-phase.
Conservation equation of an internal energy:

P =7 D — pdivii — divg + S,erg, (3)

where (] — the specific heat flux, it is the Fourier law of heat transfer, 7 : D is the rate of increase of
the internal energy due to viscous dissipation. Source term Senergy denotes the contribution to the change of

an internal energy due to the presence of atomized liquid or solid phase.
The conservation equation of concentration of a component:

8(pcm):_
ot OX:

0 .
(PCmU.)Jr%[ ‘Dcm'%J_i'Smass' (4)

OX;
where p,, - a mass density of a componentm, o - full mass density.

1
More universal models in engineering calculations of turbulent flows are models with two differential
equations. Using in technical flows model with two differential equations [9-11] is the most common. K —&
is model when two equations for a kinetic energy of turbulence and dissipation rate are solved:
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This is the standard equation of K —& . Values, Cgl, C..C

o0 Ceyr Oy O, are modal constants which
are determined from the experiment. Typical values of these constants are commonly used in engineering
calculations and are taken from the literature [12-15].

Chemical kinetics of combustion is represented as generalized chemical reactions for the two kinds of
fuel - octane and dodecane:

2C,H,, + 250, —16C0, +18H,0,
2C,,H,s +370, — 24CO, + 26 H,0,

as a result there are the formation of the following combustion products: CO, andH,0.

Model of the combustion chamber in the form of a cylinder which height is 15 cm, diameter is 4 cm.
The general view of the combustion chamber is shown in Figure 1. The calculated area consists of 650 cells.
Liquid fuel is injected through the nozzle which is located in the lower part of the combustor. The area of the
nozzle is equal to 2- 10 cm? Temperature of walls of the combustion chamber 353 K. Initial temperature of
the gas in the combustion chamber 900 K, the fuel is injected at 300 K. Initial radius of injected droplets 25
microns. The angle at which droplets are injected equal 10°. Combustion chamber pressure is 80 bar, the lig-
uid fuel injection velocity is 250 m/c.

Jet orifice

Figure 1. The general view of the combustion chamber

The optimal values of the combustion chamber pressure is 100 bar for octane and 80 bar for dodecan.
Overall, it can be concluded that optimal octane mass for injection is 6 mg and 7 mg for dodecane. At this
values of the injection mass of liquid fuel temperature reaches the maximum value. Further increase of the
injection mass for both octane and dodecane at optimal pressures make worth the combustion process and
leads to a further lowering of the temperature

The following figures show the results of numerical simulation of combustion of octane and dodecane
in the combustion chamber at the optimal pressure and mass values. Figure 2 shows the distribution of oc-
tane droplet by sizes by height of chamber at time t = 2,5 ms. At time t = 2,5 ms octane and dodecane drop-
lets rose to the camera height equal to 0.62 cm and 0.72 c¢cm, respectively. Analyzing the behavior of dodec-
ane it is noticed that it drops rise to a height of 0.72 cm at time t = 2,5 ms, and the droplets sizes slightly
larger droplets of octane (Figure 2 b).

Paying attention to distribution of octane and dodecane on radiuses it is possible to notice that dodec-
ane droplets evaporate quickly and the distribution density is higher. Also the size of droplets of octane
grows by time. Thus, for example, at the time of 2 ms in the lower part of the chamber located droplets with
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a radius of 0.024762 mm. And at this time dodecane droplets with the same sizes completely burned out,
and droplets with smaller radiuses move up by chamber height to an exit.

Figure 3 shows the temperature field in the combustion chamber during combustion of octane and do-
decane at time t = 2,5 ms. These charts indicates that during the combustion of octane the large part of
chamber warmed to 987.192 K, during the dodecane combustion chamber held longest value of the tempera-
ture equal to 1003.05 K. At time t = 2,5 ms in the core of temperature flame temperature reaches a value of
2687.32 K during the combustion of octane (Figure 3 a).

During the combustion of dodecane maximum temperature was 2679.87 K, and the temperature of the
chamber, except for the zone of plumes reaches 1003.05 K (Figure 3 b). There is following situation for the
temperature distribution of two types of fuels: the area covered by the maximum temperature during combus-
tion of both fuels at different points of time almost the same. But during combustion of dodecane tempera-
ture of whole volume of chamber hated faster in comparison with octane. Analyzing the data obtained, we
can conclude that the process of combustion of octane and dodecane occurs in the gas phase and over the
whole volume of the combustion chamber there is a uniform temperature distribution.
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Figure 2. Distribution of droplets of octane and dodecane by radius by height of combustion chamber at time
t=2,5ms
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Figure 3. Temperature profiles in the combustion chamber during the combustion of octane and of dodecane at time
t=2,5ms
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Figure 4 shows field concentration both fuels at different times of combustion. It is observed in the
figures, thet the pair of octane and dodecane at time t=2,5 ms have a certain concentration. So, for the octane
value of the concentration was 0.0473794 g/g, and for dodecane 0 3603 g/g. In comparison the octane and
dodecane it is shown that a pair of both fuels rise to different heights. For example, at time t=2,5 ms pair oc-
tane climb chamber height of 2.3 ms, and a pair of dodecane at the same time located at a height of 2.6 cm.
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Figure 4. Distribution octane and dodecane vapor by height of combustion chamber at time t = 2,5 ms

The following figure 5 shows for comparison the combustion temperature distributions of gasoline,
heptane and tetradecane at optimum combustion mode. Analysis of Figure 5 shows the change in tempera-
ture in the combustion chamber for the three kinds of fuels. It can be seen that the area of maximum tempera-
ture of gasoline (the core of the torch) reaches 6.5 cm in height of the combustion chamber, the rest of the
chamber is heated to 1300K (Figure 5 a).

C14H30
C6H6 C7H16

T 10 T 8 . 2022.62
. 2329.66 . 1305.44 1887.85
1131.51 1618.3

1044.55 1483.52
957.588 1348.75

870.625 1213.97
783.663

696.7 4

609.738

1079.2
944.425
522.775
435.813

809.65
348.85 2

10

2019.17 8
1863.92
1708.68
1553.44
1398.19
1242.95
1087.71
932.462 4
777.219
621.975
466.731 5
311.487
156.244

674.875
540.1
405.325
261.888 270.55
174.925 135.775
87.9625

[hS]
M [ TTTT 1 T]

0 2 4 0 2 4 ° 2 4

a) gasoline b) heptane c) tetradecane

Figure 5. The temperature distribution in the combustion chamber during the combustion of various kinds
of liquid fuel at time of 4 ms

Results for heptane and tetradecane similar to results for gasoline in qualitative terms, differing quanti-
tatively. Analysis of Figure 5 b shows that the maximum temperature in the combustion chamber during
combustion of heptane equal to 1300 K at time 4 ms. The remainder of the chamber maintains the initial
temperature of 900 K. Analysis of figure 5 ¢ shows that the greatest value, which warms up combustion
chamber by burning tetradecane, temperature is equal to 2022 K, where in the torch is a temperature higher
than that of heptane (Figure 5 b). The chamber temperature at the final time 4 ms is 1200 K.
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This article is devoted to the influence of various parameters on the processes of combustion of hydro-
carbon liquid fuels. During the research two kind of liquid fuels were used: octane and dodecane, which are
often used as a technical fuel in the aviation technical equipment and passenger cars. During the study the
influence of the initial gas pressure in the combustion chamber on the combustion processes was investigat-
ed. Analysis of the numerical simulation results leads to the conclusion that the best for octane is a pressure
of 100 bar and 80 bar dodecane. At these pressures, the temperature of the drops and the combustion temper-
ature in the combustion chamber reaches the maximum values. Under these pressures intensive evaporation
of the liquid fuel drops begin. Also, in the study of the influence of pressure in the combustion chamber on
the processes of the atomization and dispersion of liquid fuel has been shown that for the two fuels increase
in pressure causes an increase high temperatures.

The scientific importance the research is that the results obtained in this work can be applied in the
construction of liquid fuel combustion theory and will contribute to a better understanding of the complex
physical and chemical phenomena that occur in the combustion chambers. The practical significance of the
conducted computational experiments in the work is that the results can be used in the design of a variety of
internal combustion engines, which would simultaneously solve the problem of optimizing the combustion
process, increase fuel efficiency and minimize emissions. The results are implemented in the educational
process in the form of textbooks, manuals and virtual computer laboratory works on physics of combustion
and numerical methods of thermal physics, which reflect modern approaches to organizing a special work-
shop intended for students in higher educational establishments specializing in the field of technical physics,
thermal energy and computational fluid dynamics.
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Bonerenosa C., Ocnianosa 111., Paxat b., Apsicran A., Typbekosa A., TypreiHoB M.

CyiibIK KOMIpCYTeKTi OTBIHJAPABIH TAMIIBLIAPBLIHBIH 06/1iHY, ANCHepPCHs KoHe OyJIaHy HpoLecTepiH
KOMIBIOTEPJIIK MOJeTbAey

Tyitingeme. Atanxran Makana eKi TYpJi CYHBIK OTBIHIAPIBIH TAMIIBIIAPBIHEIH OOJiHY, AUCTIEPCHS KoHE OynaHy
MIPOIIECTEPiH 3ePTTEYTe apHANFaH. 3epTTey OApPBICHIHAA CYWBIK OTHIH PETiHAE OKTAaH JKOHE NoNeKaH KoimaHepuiasl. Co-
HBIMEH KaTap OWIMHIPIIK jKaHy KaMepachIHBIH MOJENl TYpPFeI3puLabl. CaHIBIK MOJEbICY OaphICBIHAA €Ki CYHBIK OTHIH
TYpl YUIIH THIMAI PEKUM aHBIKTAIIBL. 3epTTey HOTIDKeCi OOWBIHINA OKTaH YIIiH THiMAi KeickiM 100 6ap, am momekan
ymrie 80 Gapra TeH Oonapl. OKTaH YIIiH THIMAL OYpKY Maccackl 6 MT, all JOACKaH YIIiH 7 MT Kypaabl. ATanFaH THIMII
PEKUM MOHAEPIHE OKTaH MEH J0/ICKaHHBIH TYTaHYbl MEH JKaHybl OOMBIHIIA €CeNTeYilll TOKIpHOenep *Kypri3iii.

Tyiiinzai ce3nep: xxaHy, cCaHIBIK MOZAEIB/CY, OKTaH, J0/IeKaH, )KaHy KaMepachl.

bonerenosa C., Ocnanoga 111., Paxar b., Apsictan A., Typ6ekosa A., TypreiHoB M.

KoMnbioTepHoe MoJeJIMpOBaHMe MPOLECCOB Pacnafa, JMCIEePCHH U UCHAPEeHUsl Kamnejib KMIKUX YIiieBo-
JOPOAHBIX TONJIUB

Pe3rome. DTa cTaThs MOCBAINICHA M3YYCHUIO pacliafa, TUCTICPCHH M HMCIAPEHUS Kallelb JBYX BHIIOB JKHIKOTO
TOIUTHBA. B MccaemoBaHmsaX B Ka4ecTBE JKUAKIX TOILIMB OBLTH MCIIONB30BaHbI OKTaH U JoAekaH. briia Taxke mocrpoe-
Ha MOJEJh HIIMHIPUIECKON KaMmepsl CropaHus. B Xo/e 4HCIeHHOTO MOJESINPOBAaHUS OBUT ONpeNeieH ONTHMAaIbHBIN
PEXXUM TOpPEeHHS AJIS IBYX BHIOB KHIKOTO TOIUIHBA. [0 pe3ynbTaTaM HCCIICIOBAHHH ONTHMAIFHOE JABJICHUE IS OK-
taHa cocraBmwio 100 Gap, a w1 noxekana 80 Gap. OnTrManbHAs Macca BIIPHICKA JJIS OKTaHA COCTaBHJAa 6 MT, a Ui
nmonekaHa 7 Mr. Ilpy maHHBIX 3HAYCHUSX ONTHMAIBHOTO PEXKHUMa OBLTH MPOBEICHBI BHIYHCIHTEIBEHBIC YKCTIEPUMEHTHI
10 U3YYEHUIO BOCILIAMEHEHHS 1 TOPEHUS OKTaHa U I0JIeKaHa.

KuioueBble cjioBa: ropeHue, YUCIEHHOE MOJICTMPOBaHNE, OKTaH, J0JeKaH, KaMepa CTOpaHus.
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SJIEKTPOMATHUTTIK UHAYKIUSA KYBBUJIBICBIH 3EPTTEY

AHHOTanUsl. ¥CHIHBUIBII OTHIPFAH JKYMBICTBIH HETI3Tr1 MaKcaThl — AJIEKTPOMArHUTTIK MHAYKIUS KYOBLIBICHIH
Kyiieni Typle 3epaeney apKblibl HHAYKIHSJIBIK 37eKTp Ko3rayibl KymiHig (OKK) maiiga 6oy cebentepiH xxoHe naiijga
OoJIFaH MHIYKUMSJIBIK TOKTBHIH OaFbITBIHBIH ©3repy 3aHJBUIBIKTAPBIH 3€pPTTey. DJIEKTPOMArHUTTIK MHIYKIUS KyObl-
JIBICBIH/IA MHIYKIUSUTBIK TOKTHIH Maiaa 00y ce0eOiH jkoHe OHBIH IIaMACHIHBIH HETe TOyelai OOJNIAThIHIBIFBIH TYCIHY
OHail 60JIFaHBIMEH, MHIYKIMSUIBIK TOKTBIH OAFbITBIHBIH Kalail OONaTHIHIBIFBIH TYCiHY KUbIH. COH/IBIKTaH, OYJI RKYMBIC
aTaJFaH MOCEJICHI HISMIyre o3 CENTIriH THTi3ei Ie CeHeMI3.

Tyiiin ce3mep: MarHUT epici, MarHWT arbIHBI, MarHUT aFbIHBIHBIH ©3repici, MAarHUT arbIHBIHBIH ©3repy
KBUIAM/IBIFBI, JJIEKTPOMArHUTTIK HHAYKINS, HHIYKIUSUIBIK TOK, HHAYKIMSUIBIK JIEKTP KO3FAayIIbl KYIII.

DJIEeKTPOMArHUTTIK WHIYKIHS KYOBUIBICHI MAarHHT OPICIHIH 3JIEKTp TOTBIH TYJIBIPATHIH KaCHETiH
cunarraiapl. UHAYKIHUIbIK 251ekTp Kosrayisl Ky (OKK) Temenaeri exi Typii skarmaiaa naima 0osaibl.
KOHTYpHbI KUBIIT 6TKEH MarHUT aFbIHBI YaKbIT OOWBIHINA ©3TepPreH Ke3lle HeMece KOHTYPAAFbl OTKI3TIIITiH
0ip OeJiiri MarHUT epiCiH KUBIIT OTKEH KEe3/I¢ O©TKI3TIIITIH OChl O6JIriHAe UHAYKIMSIIBIK JIEKTP KO3FayIlbl
Kyl madiga 6osanbl. OTKI3rimTiy Oip OesiriHiae naiina 0ojFaH MHAYKIUSJIBIK JCKTP KO3FayIlbl KYIIiHIH
OarbITHl JISHI %oHE OH KOJI epeskeci OOMBIHINA aHbIKTaNaAbl. KOHTYp/IbI KUBITT ©TETIH MAarHUT aFbIHBI YaKbIT
OOWBIHIIIA ©3repreH Ke3je, CoJl KOHTypaa makaa O0omatbiH mHAyKusuiblk DKK-HiH OarbiThl JleHI| epexeci
OOMBIHINIA aHBIKTAIA/IEI.
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