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INTENSIFICATION OF COMBUSTION FUEL MIXTURE
IN PETROLAIR THERMAL TOOLS WITH EJECTOR NOZZLE

Abstract. The article considers the problem of increasing the power of the air-petrol thermal tools for
destruction of rocks in the extraction and processing (stabilizing) block of stone, due to the intensification of
combustion of the fuel mixture in a supersonic high-temperature jet torch burner. The model of shock wave
excitation process in ejector nozzle, described by the equations of preservation of mechanics of continuous
environments is given. As a result, the solution to this equation found the main operating and design parameters of
the ejector nozzle, the parameters of the supersonic gas stream flowing from the Laval's nozzle of the burner into the
cavity of the ejection nozzle, and the speed and temperature of the gas stream in the mixing chamber (combustion), the
area of the output section and the diameter of the ejection of the mixing chamber, diameter and length of the free jet.

Key words: petrol-air thermal tool, supersonic high-temperature jet, heat flow, fuel components (gasoline,
kerosene, air), detonation waves.

The intensification of combustion fuel mixture at the air-petrol thermal tools with ejector nozzle,
made with perforations in the region of the initial section of the jet considered in the assumption of the
creation on this site of powerful shock waves. Shock waves are formed when meeting with obstacle in a
cylindrical nozzle (surface roughness ejected cold air) at the end of the supersonic gas jet from the nozzle
ofthe main burner [1,2].

The supersonic jet carries particles of unburned fuel when the excess air ratio is equal to
aT= 0.5...0.7, which, passing through the shock wave front, are burnt with high speed, forming a new high
speed jet, thus greatly increasing the total energy capacity ofthe burner [3,4,5].

The conversion of chemical energy into heat and, simultaneously, to kinetic takes place in a
cylindrical nozzle, which in this case is the combustion chamber. In the combustion cha mber is
heterogeneous combustion (part of the components is in the liquid phase and the other in the gas phase),
that is there are chemical and aero-thermodynamic processes in a moving reactive gas environment. In this
case, the object of study of combustion may serve as the gas flow behind a strong shock wave. A peculiar
form of burning in this case is detonation, which is characterized by extremely high velocities of
combustion and a large local increase in pressure and temperature.

Model of the process of development of the detonation wave (shock wave) is described in domestic
and foreign literature [6-12].

Let us consider the properties of planar shock fronts, which is widely used in one-dimensional models
of the detonation wave. Common to all one-dimensional models are the representation of the detonation
wave in the form of a complex consisting of the shock front and the adjacent reaction zone. Therefore,
before proceeding to analyze the situation that occurs when supply chemical energy to the flow behind the
shock front, we consider the laws that determine the properties of stationary shock waves in nonreactive
environment.
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Let us consider a planar shock front propagating at a steady velocity Ws. Pressure, density and
velocity of the gas are denoted by p, p and u respectively. It is possible to simplify the analysis by
transforming to a coordinate system with an origin fixed at the shock front to replace a laboratory frame of
reference. The resulting flows are shown in figure 1.

Figure 1- Model of shock wave excitation process in the ejector nozzle
1- combustion chamber; 2 - Laval's nozzle; 3 - ejector nozzle

Here the gas flows into the stationary shock front with a velocity Wsand emerges from the front with
a velocity u2 = Ws- u'2, where u'2is the velocity ofthe gas relative to a stationary observer. Although the
processes which occur in the vicinity of the shock front are irreversible, the three mechanical conservation
conditions apply rigorously to the flows through the control surfaces.

In integral form they may be expressed as [6,11]

PiWs=p2u2(conservation of mass); 8
pi+PiW=p2+p2u2 (conservation of momentum); 2)
pWs (h1+W2/2) =pu2(h2+ u222) (conservation of energy), 3)

where h=e+pV - is the specific enthalpy, e - is the internal energy and V=1/p - is the specific volume.
Furthermore, for the strengths of shocks typical of detonation, the ideal equation of state for a gas can
generally be assumed to hold [8]:

p =pRT, 4)

where R - is the gas constant, T - temperature.
Equations (1) - (4) have five unknown quantities, Ws, uz, p2, p2, T2, so that all the properties of the
post-shock flow in region 2 can be expressed in terms ofthe velocity ofthe front and the initial conditions

ofthe gas.
Equations (1) and (2) give an expression for the mass flow through the shock, p, thus:

(Wspi)2 = (u2p92 = (p2- pi) / (Vi- V) ®)

Equation (5) demonstrates that the mass flow into the shock is given by the square root of the
negative slope of the straight line in the p-v plane which joins initial (1) and final (2) states. This line is
termed the Rayleigh line. Equations (1) - (3) can be combined to produce [9]

h-hi = (1/2)(p2- pi)(Vi + V2)
or
e2- ei = (i/2)(p2 +pi)(Vi - V2. (6)

Equation (6) is denoted the Rankine-Hugoniot.

It characterizes the initial and final states resulting from a given change in energy or enthalpy across
the shock front. In other words, it is the counterpart of the relationship for isentropic and adiabatic
processes [9]:

de =- pdV orpV =const. )
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Equations (1) - (4) can be combined to yield pressure, density and temperature ratios across the front
in terms of its Mach number, Ms = Wdab where alis the speed of sound in the medium ahead of the
shock:

P2/pi =Pa = [2kMs2 (k-1)]/ (k+1); (8)

P2/ Pi =P2L = (k+1) M2 / [(k-1) Ms2+2]; 9)
fEm2-(k - 1)1231+ (k- i) 2i2]

T AT = T2 = - ‘e [(k+ 1)M ;12] (10)

c
where k =— - is adiabatic index.
Y
If the equation of species conservation (1) - (10) to write given the fact that in sections 1 and 2
thermodynamic parameters, structure and molecular weight of the mixture, the equation of the detonation
adiabatic instead of 10 will look [10]

k9 +1 k, +1
Pa2V2 -y — PiVi - P2Vi + P1V2 = 2Q,
k2 1 7i 1 (11)

Finally, from the equation of state for section 2 will receive

T Cvf [115).. (12)

To increase the power ofthe jet gas stream carrying unburned fuel, it is necessary to introduce ajet of
oxidizer is oxygen, so the ejector nozzle performed ejection bores.

The nozzle, formed by drilling ejection to ejection of the outer atmospheric air inside the nozzle
promotes additional combustion of fuel components in the stream of oxygen ejection air. Nozzle and diffuser
ofthe ejector are no different from ordinary nozzles and diffusers, the calculation of which is set out [8].

In determining the parameters of the ejector only significant coefficients of maintaining total gas
pressure in these devices, the initial pressure of mixed gas, find the total pressure on the cut nozzles p 1
and p2 and the full pressure of the mixture of p3 - total pressure at the exit of the diffuser p4.. These
coefficients are chosen according to the experimental data.

The main objective in the calculation ofthe ejector is to determine the parameters ofthe gas mixture
at the outlet ofthe mixing chamber in the parameters ofthe gases before mixing.

Parameters ejection gas in the inlet section will be noted by index 1, the parameters ejection gas index
2, the parameters of the mixture in the outlet section - index 3. We assume given all the parameters of the
flow in the inlet section of the chamber and build the solution so that from the equations of conservation
of mass, energy and momentum flux to determine the temperature of braking, the velocity and total
pressure ofgas mixture in the outlet section ofthe chamber [8].

From the solution ofthe equations by the method [7,14] we obtain

yi(n+D)(l+nB +y)z(A,)=z(\) +nyfdz”*j). (13)
This equation is called the main equation ofthe ejection. According to the initial parameters of gases

and ejection coefficient, it is possible to determine the gas-dynamic function z(A3)= A3+ — , and given
A3

the speed ofthe mixture X3.

Knowing the parameters of the ejected and the ejected gases before mixing, we find a dimensionless
value of n - ejection coefficient. This value can be expressed through the parameters of the flow in the
inlet section ofthe chamber and is thus independent. Substituting into the expression for the coefficient of
ejection ofthe magnitude of costs miscible gases, recorded with the help of relations (13), we obtain
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n= "2 _ P*F:2ﬂ(ﬂ2 (14)
Gl p[FQAL
or
n= 1 A (15)

- Moay/s q\\) .

Equation (15) relates the coefficient of ejection n geometric parameter ofthe ejector a and parameters
ofthe gases at the entrance to the chamber.

Further, it is necessary to experimentally find the temperature of the heat flow inside the nozzle, or
the temperature of the inner wall of the ejector nozzle. To determine the temperature of the heat flow
inside the nozzle must perform the inverse problem of heat conduction through a cylindrical wall that is
slightly different for the determination oftemperature at one and the same wall thickness ofthe cylindrical
or flat [13].

To improve the energy parameters of gas-jet thermal tool proposes a new design ofthe working body
with ejector nozzle and diffuser - a special nozzle for injecting atmospheric air).

Figure 1presents a thermodynamic working body with ejector nozzle.

Relationships for calculation of achievable parameters and the optimum relationship of the cross
sections of the gas-jet injectors (nozzles) can be derived based on the equations of the characteristics of
these devices [14].

The result of the calculations obtained the main parameters of the ejection nozzle, when the ejection
ratio u =4, Pp= 0,5 MMa = 506625 h/m2, w = 1285m/s, T = 2020 K (table).

Estimated data regime and design parameters of thermal tools with a nozzle at the cost of fuel components 17, 25, 35 I/hour

Regime and design parameters 17 lt]/glli;lina" 6 ai2r5 S:/It]/g!lli;i'n aiﬁgw&n

The estimated performance of the injector Gg, kg/sec 0,4368 0,684 0,9428
Expense of a working stream Gp, kg/sec 0,1092 0,171 0,2357
Expense of the injected stream GH kg/sec 0,3276 0,513 0,7071
The critical section of the working nozzle dp* mm 20 22 26

Igfz?é('é fe;g'::qon ofthe ejector nozzle ofthe Laval’s o 0 3%

Length of the freejet Icl, mm 262,5 328,24 3938
Diameter of the freejet d2 mm 148,8 186 2232

Figure 2 shows the schedule of change of a stream range of the thermal tool with ejector nozzle
depending on consumption characteristics of fuel components.
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Figure 2 - The schedule of change of a stream range of the thermal tool with ejector nozzle depending
on consumption characteristics of fuel components: 1- theoretical, 2 - experimental data
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Thus, the main parameters achievable compression pressure and the pressure in the inlet section of
the mixing chamber and the main geometric dimensions of the gas-jet injector with diffuser - special
nozzle for air injection.

We consider the case when the transfer of heat through a homogeneous and isotropic wall to one
surface of the specified boundary conditions of the second kind in the form qc = const (at x = 0); on
another surface is set to the heat-transfer coefficient a2, and the ambient temperature tx2, i.e. boundary
conditions ofthe third kind (figure 3). Internal sources in the wall are missing (qc =0).

Figure 3 - The transfer of heat through a flat wall (mixed boundary conditions)

This problem is reduced to finding the temperature distribution in the wall and the temperatures on its
surface. Because of the stationarity ofthe thermal regime we can write the following equation:

L

gc = (tcl _ *c2 0 gc = a 2(tc2 _ *x 2) (16)

From equations (16) it follows that for a given value of gqc

1 f1 8n
------ 3 (17)

a Va2 4J

M o Atc2 4 c°; A tcl qgc° + Atc2,

where is X - the heat transfer coefficient for metal, X = 35 W/mK; 5 - the thickness of the nozzle,
5=5mm = 0,005 m; qc- the heat flow; t2- temperature , t2 = 1473 K.

In accordance with figure 4 estimates the temperature of the metal by its colour temperature of the
nozzle TH= 1100...12000C (1373..,14730K) and given the increase in temperature of the working gas flow
due to heat of combustion ofunburned fuel, but with high temperature (20000C) and loss on heating ofthe
metal nozzle, take the temperature ofthe mixed gas stream TH= 20000C.
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a) b)

Figure 4 - The comparative analysis of heating temperature of a surface
a thermal tool nozzle according to metal temperature on its color [15]:
a- process of the surface treatment of thermal tool with gasdynamic nozzle;
b - estimation of metal temperature nozzle on its color

Determine the temperature in the nozzle tclwhen various consumable fuel component (17 L/h, 25 L/h,
35 L/h). Getthe temperature in the zone of intense combustion in the nozzle tcl = 1854K.

Conclusions:

1. The model of shock wave excitation process in gas-dynamic nozzle is developed;

2. The gas flow flowing in the gas-dynamic nozzle is strictly subject to the three equations of solid
media mechanics conservation: the equations of mass conservation, motion quantity and energy
conservation;

3. The main ejection equation has been found, which allows to determine the main kinematic and
structural parameters ofthe ejection nozzles, which allows to significantly increase the energy parameters
ofthe thermal flow of a gasoline-air thermal tool;

4. To find the thermal parameters of gas treacle inside the nozzle - gas mixing chamber, an
experimental method of determining the temperature of the outer surface of the nozzle from the table of
metal beads colors was used;

5. To find the parameters of the thermal flow of gas in the nozzle, the inverse problem of heat
conductivity for calculating the temperature of the inner surface of the nozzle for a flat wall has been
solved;

6. As aresult ofcalculation of a new design of athermal tool with gas-dynamic, ejection nozzles, its
main kinematic and structural parameters were obtained.

A. 3. bykaesal, B. B. MoBeTkuH2 b. X. bektnbain2 E. K. Hypsimos2 . K. EpmekoB2

lyessenov University, AkTay, KasakcTtaH;
22n-Papabu aTbiHAarsl Kasak “nTTbl, yHUBEpCUTETN AnMaThl, KasaxcTaH

IKEKLUNOHAbI CANNTAMACHI BAP BEH3VH-AYAJIbl TEPMOLUYPANJAPBIHAOA
OTblIH LOCMACbIHbLW, )XAHYbIH NUHTEHCUN®UNKALUNANTAY

AHHOTauma. Makanasa TepMOK¥pan >XablHbIHbL, [bIGbLICTbI XOrapbl TemrepaTypanbl arbiHbIHAA OTbIH
KOCMAacbIHbIL, XaHyblH KapKblHAATY apKblibl 670KTbl TacTbl €HAIPY X3He eHAey (maccupoBKanay) Kessie Tay
XKbIHbICTapbIH 673y YWiH 6eH3uH-ayanbl TepMOK¥panaapabll, KyaTblH apTTblpy M3acefneci KapacTbipbliraH. Tyrac
opTa MeXaHWKacbIHbIL, caKTany TeHAeyfnepiMeH cunatranraH 3)Kekuuanbl cantamaga COKKbl TONKbIHbIHbIL, epLuy
NPOLECIHIH Mogaeni KenripinreH. b™n TeHAeyAi Wewy HITUXECIHAE DKEKLUOHAbLI KOHAbIPMAHBbIL, HEri3ri pexxmmaik
X3He KOHCTPYKTUBTIK napameTpsiepi Tabbingbl. Tepmok¥pangbil JSlaBanb LWYMeNHeH 3eKUMOHAbl KOHAbIPMaHbIL,
caubliayblHaH eTeTiH Abl6bICTbI Fa3 arbiHbIHbIL, NapaMeTpaepi ae Tabblngsl. ATan aliTkaHia, XaHy KaMmepacbiHAarbl
ras arbiHbIHbIL Xbl14aMAbIrbl MEH TeMMepaTypachl, WbIry KAMACbIHbIL, ayfaHbl XX3He 3XeKLUNOHAblI KOHAbIPMaHbIL,
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KamepacblHfarbl gumametp” 60C arbICTbiH AvaMeTpi MeH Y3bIHAbITbl Tabblngbl. CantaMaHblH iWiHAeri Xblay
arbIHbIHbIH TeMMepaTypachl XX3He canTamaHblH iLWKi KabblpracblHbIH TeMMepaTypachl aKCNepuMeHTanabl Tabbingbl.
KpHAabIpMa iWiHAeri Xbiiy arbiHbIHBIH TeMnepaTypacbiH aHbiKTay YLWiH UWAMHAPAIK Kabbipra apkbiabl Xbliy
eTLW3MNWTKTLL Kepi ecebi opblHAanraH, 6™°n UMANHAPALL HEMeCe Xa3blK KOHAbIpMa KabbipracbiHbiH 6ip KabIHAbI b
KesiHAae TemnepaTypaHbl aHbiKTay 60MbIHWA epeklueneHedi. MeTanfgblH TemnepaTypacbl OHbIH TYCi 60WiblHLLIA
baranay HerisiHge TepMOK¥paniblH KOHAbIPpMAchl GeTiHIH Kbi34blpy TeMnepaTypacbiHbIH CafbICTbipManbl Tangaysi
KenTipinreH. a3 arbiHblHbIH TemmepaTypacbiH aHblkTay YLiH, MeTanfiblH KbI3yblH OHbIH TYCi 60MbIHLWA
TemnepaTypanbik 6aranay 60MblHLLA CanTaMaHblH CbIPTKbl KabblpracblHbIH TeMMepaTypacblH aHbIKTaliMbI3 X3He
COAaH KellH XKblay eTKI3riwTiK TeHAeyAi LielleMi3, cantaMaHblH illKi KabblpracbiHbIH TemnepaTypacbiH Hemece
canTamaHblH ra3 arbiHbIHbIH TeMnepaTypacbiH Tabambi3. 17, 25, 35 n/car »xaHapMaii LWbIrbIHAAPbI Ke3iHae rasguHa-
MUKanblK cantaMachl 6ap TEpMOK¥panapabiH PeXUMAIK XX3He KOHCTPYKTUBTXK NapameTpnepiHiH ecenTik gepekTepi
YK3HE OTbIH KOMMOHEHTTEPIHIH WbITbIC cumaTTaManapbiHa TaYeni XaHaprbl arbICbiHbIH anbIC TE3IMAINITIHIH e3repy
KecTea "cbiHbliraH. COHbIMEH KaTap 6”1 Makanafa 3HepreTWKanblK napaMeTpiepgi apTTbipy YLUiH UHXEKTOopbI
X3He Anddy3opbl 6ap ras arbiHAbl TEPMOK¥pabIiHbIH )XaHa KOHCTPYKLMACH! - aTMOC(epasiblK ayaHbl UHXEKTeH-
4ipyre apHanraH apHaiibl KOHAbIPMachl “CbIHbIAraH. ApanacTbipy KaMepacblHbIH KipiC KMMacblHAarbl KbiCy MeH
KbICbIMHbIH KO/KeTIMAI KbICbIMbIHBIH HEri3ri napameTpnepi, coHgali-ak auddysopsl 6ap ras arbiHLbl UHXEKTOPAbIH
Herisri reomeTpusanbIK enwemMmaepi (ayaHbl MHXEKTEHAIpYre apHanraH apHaiibl cantama) aHblKTangbl.

TywH ce3gep: 6eH3MH-ayanbl TepMOK™pangap, AblObICTbI XOrapbl TeMnepaTypabl arbic, Xblay arbiHbl, OTbIH
KOMMNOHEHTTEPI (6eH3MH, KEepOCUH, aya), AeTOHALNANbIK TONKbIHAAP.

A. 3. bykaeBal B. B. MoBeTkuH2 b. X. bektnbain2 E. K. Hypsimos2 . K. EpmekoB2

IYessenov University, JIkTay, KasaxcTaH;
ZKazaxCKuil HaluMoHaNbHbIA YHUBEPCUTET MMEHK anb-Papabu, Anmatbl, KasaxcTaH

WHTEHCUOUKALMNA TOPEHNA TOMIMBHOM CMECW B BEH30BO3A4Y LUHbIX
TEPMOWHCTPYMEHTAX C 9XXEKUMOHHbBIM HACALKOM

AHHOTauua. B cTaTbe paccMoTpeHa npo6nema NOBbIWEHUS MOLLHOCTUA GEH30BO3AYLIHbIX TEPMOUHCTPY-
MEHTOB A8 paspyLlUeHMs FTOpHbIX Nopod npu fo6blue U 06paboTKe 6/I04HOTO0 KaMHSA 3a CYET MHTeHCUUKauus
ropeHns TONAMBHON CMECK B CBEPX3BYKOBOI BbICOKOTEMMEpaTypHON CTpye (hakena ropenku. MNpusegeHa Moaens
npouecca Bo36YX/eHNs yAapHOI BOJHbI B KEKLMOHHOW HacaflKe, ONMCaHHas YPaBHEHMSIMW COXPaHEHNS MeXaHUKM
CNMOWHbIX cped. B pesynbTare pelleHUs 3TUX YPaBHEHWMMW HalifjeHbl OCHOBHbIE PEXMMHbIE U KOHCTPYKTUBHbIE
napameTpbl 3)XEeKLUMWOHHOI Hacagku. HaligeHbl napaMeTpbl CBEPX3BYKOBOrO ra3oBOr0 MOTOKA, UCTEKAlOLWEro u3
conna JlaBans ropenky B NOIOCTb MKEKLMOHHOW Hacagkn. A MMEHHO: CKOPOCTb M TeMmnepaTypa ra3oBoro notoka B
Kamepe CMeLleHns (cropaHus); NaowWaab BbIXOAHOTO CEYEHUS; AMameTp 3XKEKLMOHHON KaMepbl CMELLIEHUS; AnameTp
N ANNHY CBOBOAHOW CTpyM (hakena ropenku. IKCnepuMeHTanbHO HalifeHbl TeMnepaTypa TeMI0BOr0 NoTOKa BHYTPK
Hacajgku 1 TemnepaTypa BHYTPEHHEN CTEHKU Hacagku. [ns onpegeneHns TeMnepaTypbl TEMI0BOrO MOTOKA BHYTPW
HacafgKu BbIMOMHEHa obpaTHas 3afada TeMIOMPOBOAHOCTM Yepe3 LUUAMHAPUYECKYH CTEHKY, YTO He3HauyuTeNbHO
OT/IMYaeTCs Mo OnpefeneHnNo TemnepaTypbl NPU OAHON W TOW Xe TOMLWMNHE CTEHKN LUANHAPUYECKOW MAW NAOCKOW
Hacagku. MpuBedeH cpaBHUTENbHbIA aHanuM3 TeMnepaTypbl HarpeBa NMOBEPXHOCTU HacaAKW TEPMOMHCTPYMEHTa Mo
OLleHKe TeMMepaTypbl MeTasina no ero usety. [na onpegeneHuns TemnepaTypbl ra30BOro NOTOKa BHYTPWU Hacagku no
TEeMNepaTypHOI OLeHKe HarpeBa MeTanna Mo ero UBeTy OnpeAensieM Temnepatypy HapyXHblii CTEHKU HacafKu un
3aTeM, peluasi ypaBHeHWe TeNI0NPOBOAHOCTU, HaxX0AMM TemMnepaTypy BHYTPEHHEN CTEHKU HacajKa Uan TemnepaTyp
rasoBoro notoka B Hacafdke. [NpefAcTaBfieHbl pacyeTHble [aHHble PEXUMHbIX UM KOHCTPYKTUBHbLIX MapaMeTpoB
TEPMOVMHCTPYMEHTOB C ra304MHaMM4YecKol HacagKoi npu pacxogax ropwoudero 17, 25, 35 n/uac m rpaduk
N3MEHEHUS AalbHOBONHOCTM CTPYW FOPENKM B 3aBUCMMOCTM OT PaCXOAHbIX XapaKTepUCTUK TONANBHbIX KOMMOHEH-
ToB. TakXXe B AaHHOWN CTaTbe ANS MOBbLIWEHUS 3HEPreTUYECKMX MapaMeTpoB MpeAcTaBfieHa HOBas KOHCTPYKLUMA
ra3ocTpymHOro TEPMOMHCTPYMEHTA C UHXXEKTOPOM M AMty30pOM - CheluanbHOM HacagKom Ans NHXEKTUPOBaHUA
aTmocepHoro Bosayxa). OnpefeneHbl OCHOBHbIE MapameTpbl AOCTUXKMMOIO [AaBfIEHMS CXaTud W [JaBMEHMS BO
BXOAHOM CEYEHMMN KaMepbl CMELLEHUS, a TaK)Ke OCHOBHble FreOMeTPUYECKME pasMepbl Fa30CTPYIHOIO UHXKEKTOpa C
Andy3opom - creymanbHOM HacagKu Ana MHXEKTUPOBaHMA BO34yXa.

KntoueBble cnoBa: 6eH30BO3AYLUHble TEPMOMHCTPYMEHTbI, CBEPX3BYKOBas BbICOKOTEMMepaTypHas CTpys,
TENJ0BOI NOTOK, TOM/MBHbIE KOMMNOHEHTbI (6EH3MH, KEPOCUH, BO3AYX), AeTOHALMOHHbIE BO/HbI.
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