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NUMERICAL STUDY OF THE INFLUENCE
OF THE SPRAY VELOCITY ON THE TETRADECANE’S COMBUSTION

Annotation. 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.
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One of the priority tendencies of the scientific and technological development of Kazakhstan is the
resecarch of 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, CO,, soot and so on).

For the recent years the dispersion of the liquid sprays in the neutral atmospheric 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 creating 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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Energy equation:
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We have studied (C14H30) tetradecane’s combustion depending on the spray velocity. Tetradecane 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 figure 1.

The chamber is a cylinder with height equal to 15 cm and
diameter is 4 cm. After the injection there is a rapid evapora-

&

tion of fuel and the combustion is processing in the gas phase. K\‘ -

——t

The buming time of fuel is 4 ms. Time of injection of fuel
droplets is 1.4 ms. The temperatures of the walls of the com- |
bustion 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.

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.

Tetradecane has been an object of research and its che-
mical formula has the following form as Ci4Hs,. 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:

Jet orifice

Figure 1 — Overview of the combustion chamber

2C4H30 + 430, — 28CO, + 30H,0.

This reaction is exothermal, i.e. it proceeds with huge calorification.

As the result of the conducted numerical experiments it has been determined that minimal velocity of
liquid tetradecane’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 (Figure 2).

However figure 3 shows the dependence of the distribution of CO, concentration on the rate of injec-
tion of tetradecane 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 tetradecane equal 260 m/s CO, concentration reaches the minimum value
from the land 0,114 g/m’,

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.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

0.12
2050
C14H30 0115
2000
C14H30
1950 o1
m
X 4900 Eo.105
o)) [=2)
~ o
O o1
1850 o
1800 0.095
1750 0.09
1700 0.08
150 200 250 300 350 950 200 v 800 350
v, m/s 2
Figure 2 — Change of maximum temperature in the burner Figure 3 — The dependence of the distribution of CO,
chamber depending on the velocity of the injected liquid fuel concentration on the rate of injection tetradecane
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Figure 4 — The temperature distribution in the combustion chamber during combustion of tetradecane at various time moments:

a) 1.1 ms, b) 1.8 ms; ¢) 3 ms, d) 4 ms for the velocity of the spray 260 m/s

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 figure 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 bums

down for 4 ms. At the final moment the fuel concentration equals zero.

Figures 6, 7 show the dynamics of the distribution of reaction products concentration on time for the

spray velocity 260 m/s.
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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, d) 4 ms for the velocity of the spray 260 m/s
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Figure 6 — The distribution of CO, in the combustion chamber during combustion of tetradecane at various time moments:
a) 1.8 ms, b) 3 ms, ¢) 4 ms for the velocity of the spray 260 m/s

In this work the influence of the spray velocity of liquid tetradecane 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 7 — The distribution of concentration of H,O in the combustion chamber at 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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BYPKY KXbUIJAMABIFBIHBIH TETPAJJEKAHHBIH ) KAHY TTPOLIECIHE
OCEPIH CAH/JIBIK 3EPTTEY

Kopmaran opTaHbIH 3KOIOTHSUIIBIK JACTAHYBI, KOMIPCYTEKTI OTHIH KOPBIHBIH a3a0bI JKOHE KOITCTCH CIICPIiH
SKOHOMHKAIBIK OpJIEYyl SHEPTUS TYTHIHBIMBIHA JIETCH CYPAHBICTHI apTThipa TycTi. Ochl (akropmapapH OapibFbI
OTBHIHABI HEFYPJIBIM THIM/IL JKOHE IKOJOTHSUIBIK 3HSHCHI3 XKAFy TOCLEpiH i3Aaeyre TYpTki 0oxabl. Ochl MOcemeHi
IICIIY YIIiH JKAHY MPOICCIH MYKHAT 3CPTTEY KCPCK KOHE OCHIFAH OAMIAHBICTHI CAHIBIK MOJCTBIACY OMICTCPi KCHIHCH
KOJIAAHBLIEIT Kesemi. OChI >KYMBICTBIH MAKCAThI — CYHBIK OTBHIHABI OYPKY >KbIITAMIBIFBIHBIH TETPAJCKAHHBIH JKAHY
TIPOIIECIHE 9CEPiH TYypPOYJICHTTIK eKi(a3zanbl arbIHHBIH JU((PEPCHINAIIBK TCHACYJICPIH MICITy HETi3iHAC CAHIBIK
MOJICTIb/ICY ACH TYPAJIbL.
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UNCJIEHHOE UCCIIEJOBAHUE BIIMSIHUA CKOPOCTU BITPBICKA
HA TIPOLIECC 'OPEHU S TETPAJIEKAHA

INoBbIlIcHHE YPOBHA 3KOJOIMYECKOrO 3arpsA3HECHHsA OKDPYIKAIOIIEH Cpelbl, HCTOIICHHE 3alacoB YIVICBOAOPOI-
HOTO TOIUTHBA M SKOHOMHYCCKHI POCT MHOTHX CTPAH, BBI3BIBAOIIAX VBCIHYCHHE COPOCA HA SHCPTHIO — BCE 3TH
(bakTOpBI TIPHBEIM K MPOOIEME HAXOXKICHHUSA O0Iee 3KOHOMHYCCKOTO M IKOJOTHHUECKOTO CII0COOOB CXKUTAHUS
TormmBa. [ TOTO YTOOBI PEHIMTH 3Ty MPOOIEMYy HEOOXOJMMO TINATEIBHO H3YUHTh IPOLECC TOPEHHUS W MUMCHHO
MO3TOMY METO/bI YHUCICHHOTO MOACIMPOBAHMA IMHPOKO PACIPOCTPAHEHBI B HayKe. Llenbio JaHHOU paboThI ABIAETCA
H3YUYCHHC BIHAHHA CKOPOCTH BIPBICKA JKUIKOTO TOIUTHBA HA TOPCHHC TCTPAACKAHA C MOMOIIBE) YHCIICHHOTO
MOJEIUPOBAHUS HA OCHOBE peIICHHA AU((epeHIHATHBIX YPABHEHUI TypOyICHTHOIO Pearupyomero NoToka.

Kmo4eBble ci10Ba: YHCICHHOE MOJCIUPOBAHNE, TOPEHHE, ABY X(Da3HbIC TCUCHHA.
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