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Abstract. The problems of combustion are widely studied now by the scientists of the world. Increasing level
of ecological pollution of the environment, reserve depletion of hydrocarbon fuel and economic growth of many
countries causing increase of demand for energy - all these factors gave rise to the problem of finding of more
economic and ecological way of fuel combustion [1].

In order to solve this problem it is necessary to study thoroughly the combustion process itself and that is why
the methods of numerical simulation are getting wide spread in the science. The turbulence plays great role in many
devices using combustion process and its study is maybe one of the most complicated sections of hydrodynamics. It
is also necessary to take into account additional factors such as various chemical reactions and radiation [2].

Thus, computer simulation becomes more and more important element of study of combustion process and of
designing different installations burning liquid fuel. It can be forecasted that the role of the numerical experiment
will increase in future. The purpose of this work is to study the influence of liquid fuel spray velocity on the fuel
combustion by means of numerical simulation on the basis of the solution of differential equations of turbulent
reacting flow.

One of the priority tendencies of the scientific and technological development of Kazakhstan is the
resecarch on simulation of formation of polluting clouds and their dispersion in the atmosphere. This
problem has a great value because of the increasing concern for the ecological situation in Kazakhstan as
the atmospheric air in the cities of Kazakhstan is daily polluted by different hazardous substances (NO,,
CO, COy, soot and so on). For the recent years the dispersion of the liquid sprays in the neutral atmo-
spheric flows has been well studied by means of numerical, laboratory and natural researches. In these
researches the main attention has been given to the dispersion of chemically reactive scalar admixture in
the free convective flows.

The investigation of the formation of polluting clouds will allow to create the methods for the
decrease of contain of hazardous substances in the atmosphere and for the prevention of formation of such
clouds which contain hot liquid particles and these particles are the reasons of the formation of such
polluting clouds. That kind of problems is one of the significant and insufficiently explored tasks for the
present days. In this region of research the numerical experiments on the combustion of liquid fuel sprays
in the burmer chamber have been carried out. In this work it has been researched the dependence of
maximal temperature of combustion of the liquid fuel from the velocity of the spray by means of the
numerical modeling on the basis of the solution of differential two-dimensional equations of the turbulent
reactive flows.

Main equations of mathematical model of dispersion and combustion of spray of liquid fuel are
presented below [1-3]. Continuity equation for component m:
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Momentum equation:
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Equations of k-¢ turbulence model:
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We have studied heptane combustion depending on the spray velocity. Heptane is the main
component of diesel fuel. It’s used in passenger, freight and private vehicles. Liquid fuel is injected into
the combustion chamber through a circular nozzle, located in the center of the bottom of the chamber. The
overview of the combustion chamber is presented in fig.1.

The chamber is a cylinder with height equal to 15 cm and diameter is 4 cm. After the injection there
is a rapid evaporation of fuel and the combustion is processing in the gas phase. The burning time of fuel
is 4 ms. Time of injection of fuel droplets is 1.4 ms. The temperatures of the walls of the combustion
chamber is 353 K. The initial temperature of gas in the chamber is 900 K. The temperature of the injected
fuel is 300 K. The initial mean radius of injecting drops is 3 micrometers. The pressure in the combustion
chamber is 4¢10° Pa.

(] % 2

Jet orifice

Figure 1 — Overview of the combustion chamber

In the work the dependence of maximum temperature of fuel combustion from spray velocity has
been obtained. Liquid fuel spray velocity was ranging from 150 to 350 m/s. It has been found out that at
low velocities of liquid fuel spray the process of combustion does not occur.

Heptaneh as been an object of research and its chemical formula has the following form as C;Hjs.
For this type of fuel the global chemical reaction of combustion leading to the formation of carbon
dioxide and water is written in the following way:

C7H16 + 1102 — 7C02 + 8H20
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This reaction is exothermal, i.¢. it proceeds with huge calorification.As the result of the conducted
numerical experiments it has been determined that minimal velocity of liquid heptane’s spray is equal to
200 m/s. This velocity is enough for the combustion to take place in the burner chamber. The most
effective combustion proceeds at the velocity of the injected fuel varying from 260 to 320 m/s, under
these conditions temperature reaches values from 2023 K to 2048 K (fig.2).

However figure 3 shows the dependence of the distribution of CO, concentration on the rate of
injection of heptane where the highest concentration of CO, is equal from 0.115 to 0.117 g/m’ accounts
for the velocity of the injected fuel varying from 270 to 320 m/s.

But the rate of injection heptane equal 260 m/s CO, concentration reaches the minimum value from
the land 0,114 g/m’.
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Figure 2 — Change of maximum temperature in the burner chamber depending on the velocity of the injected liquid fuel
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Figure 3 — The dependence of the distribution of CO, concentration on the rate of heptane injection

For the optimum velocity equal to 260 m/s, the plots of the temperature change in time and of the
fuel concentration in the burner chamber have been obtained.

Figure 4 shows the distribution of the temperature in the space of the burner chamber for the velocity
of spray equal to 260 m/s at different times: 1.1 ms, 1.8 ms, 3 ms, 4 ms correspondingly. At the final time
moment the temperature reaches 2023 K and it can be seen that the temperature torch fills up almost all of
the space of the chamber.

The distribution of the fuel concentration is presented in fig. 5 for the same time moments as for the
temperature and for the spray velocity 260 m/s. At the initial moment the concentration of fuel has
minimal value and then increases because of the fuel injection in the chamber. The fuel quickly vaporizes,
the vapors are mixed with the oxidant and the mixture ignites and burns down for 4 ms. At the final
moment the fuel concentration equals zero.
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Figure 4 — The temperature distribution in the combustion chamber during combustion of heptane at various time moments:
a) 1.1 ms, b) 1.8 ms; ¢) 3 ms for the velocity of the spray 260 m/s

11 Fuel

0.242916
0.226721
D.210527

1 0.194333

Z.cm
Z.cm

z.cm

8]
o
e O
8]
0.1133671
= 0.0971663

1 0.08089719
o 0.064777%

0.0485831
0.0323888
0.0161944

[NV VR S ¢ T ) I N B (O B
MW A OO ] @ WO O

MW R~ MmO

—

a) b) C)

Figure 5 — The distribution of fuel vapor concentration in the burner chamber at different time moments:
a) 1.1 ms, b) 1.8 ms; ¢) 3 ms for the velocity of the spray 260 m/s

Figures 6 show the dynamics of the distribution of reaction products concentration on time for the
spray velocity 260 m/s.

In this work the influence of the spray velocity of liquid heptane on its combustion has been studied.
The distributions of maximum temperature and of CO, concentration depending on the spray velocity,
time distributions of the fuel, CO,, H,O concentrations and temperature of the gas in the burner chamber
for the effective velocity have been obtained. Also the change of maximum temperature in the burner
chamber depending on the velocity of the injected liquid fuel has been obtained.
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Figure 6 — The distribution of CO, in the combustion chamber during combustion of heptane at various time moments:
a) 1.8 ms, b) 3 ms, ¢) 4 ms for the velocity of the spray 260 m/s

The further study of the combustion of liquid sprays will let not only to develop methods for the
decrease the contain of harmful substances in the atmosphere and prevention of formation of polluting
clouds, but also to improve the work of the engines of the internal combustion, of rockets, aviation
engines and to make them more efficient and ecologically safer.
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OPTYPJII BYPKY KBLJIJTAMJIBIKTAPBIHJAFBI CYIBIK OTBIHHBIH BYPKY
JKOHE JKAHYBIH KOMITBIOTEPJIIK MOJIEJBEY

A. C. AckapoBa, C. A. BeJterenosa, . J. Bepesonckas, K. K. [lloprantaesa,
A. M. MakcytxanoBa, III. C. Ocnanosa, I'. K. Mykamesa, A. b. Epramesa

On-Qapadu areigarsl Kasax yiTTHK yHEBepenTeT1, Amvatsl, Kazakctan

Tipex cesmep: cybIK OTHIH, FeNITaH, )KaHy, CAHIBIK MOJIEIIbIEY.

Annoramus. KopimaraH OpTaHBIH SKOJOTISUIBIK JIACTAHYBl, KOMIPCYTEKTI OTHIH KOPBIHBIH a3aiobl JKOHe
KOIITereH eJIJIep/IH SKOHOMHUKAIBIK Opiieyl SHeprus TYTHIHBIMBIHA JIETEH CYPAHBICTHI apTThipa TycTl. Ockl (ak-
TOPJIapABIH OapibIFBl OTHIHABI HEFYPIBIM THIM[I KOHE HSKOJOTISUIBIK 3HSHCHI3 KaFy ToCUIIAEpIH 13/eyre TYpPTKI
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0omapl. OCBI MOCENICHI IICHIY VINIH YKAHY MPOLCCIH MYKHAT 3CPTTCY KCPCK JKOHC OCHIFAH OAiJIAHBICTHI CAHIBIK
MOJCTIBCY SIiCTepl KEHIHCH KOMNAHBUIBIN Keledi. OCBI KYMBICTBIH MAaKCAaThl — CYHBIK OTBHIHIABI OYPKY >KbLITAM-
JIBIFBIHBIH TCITAHHBIH JKaHY TPOLECIHE dCEPIH TypOYICHTTIK eKi(ha3amsl arbIHHBIH JU((epeHIMaNIbIK TCHACY ICPiH
HICITY HETI3IHAC CAHIBIK MOJCIBACY ACH TYPAIbL.

KOMIIBIOTEPHOE MOJAEJIUPOBAHHUE PACIIBLIA U TOPEHHUA JKUJAKOI'O TOILJINBA
IIPU PA3JIMYHBIX CKOPOCTAX BIIPBICKA

A. C. Ackapoera, C. A. Bojerenora, H. J. bepesorckas, 7K. K. Illopran0aesa,
A. M. Maxkcyrxanora, I1I. C. Ocnanora, I'. K. Mykamesra, A. b. Epraimesa

Kazaxcknit HanmonateHbI yHUBEpCHTET UM. anb-Papabu, Amvarsl, Kazaxcran

K/roueBnle ¢/10Ba: JKUIKOE TOILIMBO, TENTAH, TOPCHUE, YHCICHHOE MOJCTUPOBAHHUE.

AnHoTtaius. [ToBBIICHAC YPOBHA JKOJOTHYCCKOTO 3ATPA3HCHHSA OKPY)KAFOIICH CPEIbl, HCTOIICHHE 3amMacoB
YIICBOAOPOAHOTO TOILIUBA H SKOHOMHYCCKHH POCT MHOTHX CTPAH, BBI3BIBAOIIHNX YBCIUUICHUC CITPOCA HA SHCPIHUKO -
BCE 3TH (DAKTOPHI MPHBEIM K MPOOJIEME HAXOKICHHS 00Jee SKOHOMHUYECKOTO M IKOJOTHYECKOTO CHOCOOOB CiKH-
raHus TOIUMBA. J11 TOTO YTOOBI PEHIMTH 3Ty MPOOIEMy, HEOOXOAWMO THIATCIBHO H3YUHTH MPOIECC TOPEHHS H
HMMEHHO MO3TOMY METOJbI YHCJICHHOTO MOJCIMPOBAHIA MIHPOKO PACIPOCTpaHEHbI B Hayke. Llenso JaHHOH paboThI
ABJBICTCA U3YUCHHUC BJIAAHHUA CKOPOCTH BIPBICKA KUAKOI0 TOIIMBA HA TOPCHUC ITCNTAaHA C MOMOINBI) YHCICHHOTO
MOJICTTHPOBAHMS Ha OCHOBE penicHus A epeHInanrbHbIX ypaBHEHUI Ty POYICHTHOTO PEarupyonIero moToka.

Hocmynuna 17.03.2015 2.
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