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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.



bacpengakTtops
3. . 1., mpodeccop, KP ¥FA akanemuri
HN.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pegaxnous ankKacs

AbaxanoB T./. mpod. (KazakcTtan)

Abumesa 3.C. npod., akagemuk (Kazakcran)
Ara6exkosB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaiikan)
Bakupos A.B. pod., (Keipreizcran)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., akagemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. ipod., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranmues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. nmpod., akanemuxk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuasos A.M. nipo., (Peceit)

Meney A.P. npod., akanemuk (Kazakcran)
MyxamemxanoB M.A. nipod., kopp.-mymieci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3n0eB C.M. ipod., akanemuk (Kazakcran)
IocToaaruii B. npod., akagemux (MosoBa)
Pakunmes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. npod., kopp.-mymeci (Kazakcran)
CeiitmypaToBa I.1O. nipod., kopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (AKLI)

ITeiinep M. npod. (I'epmanus)

«KP ¥T' A Xa6apaapsbl. ['eosiorust moHe TeEXHMKAJBIK FbUIBIMAAP CEPUACHD».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenytmi: «Ka3akctan PecyOnikaceiHbH ¥ ATTHIK FRUIBIM akagemisice» PKB (Anmarts! K. ).

Kazakcran pecryOnuKachiHBIH MoJIGHHET TeH akmapar MHUHHUCTDIITiHIH AKHapaT j>KOHEe MyparaT KOMHTETIHIEe
30.04.2010 »x. Oepinren Ne10892-7K mep3imIiik 0aCbUIBIM TipKeyiHe KOWBLTY Typajibl KyalliK.

Mep3imainiri: ®KbuisiHa 6 peT.
Tupaxsr: 300 nanHa.

Penaxiusaneig mekerxkaipl: 050010, Anmats K., [lleBuenko ker., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical . kz/index.php/en/

© Kazakcran PecryOnukachiHbIH Y ITTHIK FRUIBIM akaneMusichl, 2020

Pepaxmmsaaerr  Kasakcran, 050010, Anmarsr k., Kaban6aii 6aTsip kerr., 69a.
MEKEHKaNbI: K. H. CorbaeB aThIHAAFBI T€OJOTHS FRUTBIMAAP HHCTUTYTHL, 334 6emme. Tem.: 291-59-38.

Tunorpagusasiy Mexerkaiibl: «NurNaz GRACE», Anmars! K., PeickyioB kem., 103.




I'maBHBIH penakToOD
I. 9. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO peAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHUH. HAYK
PenakuuoHHas KONNETr U

AbaxanoB T./l. mpod. (Kazaxcran)

Aoumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuk (benapych)

Aaues T. npod., akagemuk (AzepOaiimkaH)
Bakupos A.B. mpod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bummm6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpog., akagemuk (Kazaxcran)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. npoo., akanemuk (TamkuKucTan)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akanemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
KypuagoB A.M. nipod., (Poccus)

Meney A.P. npod., akanemuk (Kazaxcran)
MyxamemxanoB M.A. nipod., 4i.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3poeB C.M. nipod., akagemuk (Kazaxcran)
MocTtoaaruii B. mpod., akanemuk (MoiioBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
CeutoB H.C. mpoo., wi.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanwst)

Xampepu Tx. . npod. (CLIA)

ITeiinep M. npod. (I'epmanus)

«HM3BecTusi HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcrBenHuk: PecnyOnmkanckoe oOmiectBeHHoe oObeanHeHne «HamuwoHnaneHas axajgemus Hayk PecrmyOnuxu
Kazaxcran (. AnMartsr).

CBHUIETENBCTBO O NOCTAHOBKE HA y4YeT IEPHOANYECKOro IedaTHOro u3nanus B Komurere mHpOpMaLuy U apXuBOB
MunucreperBa KyapTypbl 1 uHpopmarmn Pecrryonmkn Kazaxcran Ne10892-7K, sernannoe 30.04.2010 .

ITeprognaaOCTH: 6 pa3 B rox.
Tupax: 300 3K3eMIUTSIPOB.

Anpec pegakauu: 050010, T. Anmarsl, yiu. Llleuenko, 28, kom. 219, 220, Tten.: 272-13-19, 272-13-18,
http://www.geolog-technical .kz/index.php/en/

© HammonanpHas akanemust Hayk Pecry6imkn Kazaxcran, 2020

Anpec penakuun: Kazaxcran, 050010, r. Aimmartsr, yin. Kaban6aii 6ateipa, 69a.
Wnctutyt reonornueckux Hayk um. K. . CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec tunorpadun: «NurNaz GRACE», r. Anmartsl, yi. Prickynosa, 103.




Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010.

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://www.geolog-technical kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 441 (2020), 40 —47 https://doi.org/10.32014/2020.2518-170X.52

UDC 622.236.32

A.Z. Bukayeva', V. V. Povetkin®, B. Zh. Bektibay’,
Ye. K. Nurymov?, D. K. Yermekov’

Yessenov University, Aktau, Kazakhstan;
?Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: amina_bukaeva@mail.ru, vw1940 povetkin@mail.ru,
bektibaybirzhan@mail.ru, erlik 1982@mail.ru, daulet yermekov@mail.ru

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
of the main burner [1,2].

The supersonic jet carries particles of unburned fuel when the excess air ratio is equal to
ar=10.5...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 of the 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.

— 4) ——
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Let us consider a planar shock front propagating at a steady velocity W;. 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 W, and emerges from the front with
a velocity u, = W;— u'5, where u'; is the velocity of the 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]

P1W= p; uy(conservation of mass); 9]
pitp; W= P2t ws (conservation of momentum); 2)
PW,(h+W*/2) = pus (ho+ u’>/2) (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, “

where R - is the gas constant, 7 — temperature.
Equations (1) - (4) have five unknown quantities, W,, u,, p,, p> T so that all the properties of the
post-shock flow in region 2 can be expressed in terms of the velocity of the front and the initial conditions

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

Wep)’ = (uzp2)” = (p2—p1) / (Vi— Vo). Q)

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]

hg—hl = (]/2)(p2—p])(V] + Vz)
or
er—eg :(1/2)(])2+p1)(V]—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 or pV = 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, M, = W/a,;, where a; is the speed of sound in the medium ahead of the
shock:

P2/ pi=pa = [2kM~ (k=1)] / (k+1); ®)

P2/ pr=par = (k+1) M7/ [(k—1) M +2]; ©
N o ) KX LSV

S (ke +1)012 /2] ’ (10)

c
where k = — is adiabatic index.
CV
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]

k, +1 k, +1
PR _mprl - p,V, +pV, =20,
2 1 (1)
Finally, from the equation of state for section 2 will receive
pz VZ (12)

2 cv2(k_1).

To increase the power of the jet gas stream carrying unburned fuel, it is necessary to introduce a jet 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
of the ejector are no different from ordinary nozzles and diffusers, the calculation of which is set out [§].

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,”
and p," and the full pressure of the mixture of p; - total pressure at the exit of the diffuser p,.. These
coefficients are chosen according to the experimental data.

The main objective in the calculation of the ejector is to determine the parameters of the gas mixture
at the outlet of the mixing chamber in the parameters of the 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 of gas mixture in the outlet section of the chamber [8§].

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

Jo+ 1)1+ n0+v)=(4,) = 2(2,)+ nd02(2,). (13)

This equation is called the main equation of the ejection. According to the initial parameters of gases

and ejection coefficient, it is possible to determine the gas-dynamic function Z(/13 ) =4+ /% , and given
3
the speed of the mixture ;.

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 of the chamber and is thus independent. Substituting into the expression for the coefficient of
ejection of the magnitude of costs miscible gases, recorded with the help of relations (13), we obtain

— 4y ——
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n=—z o P2a PN (14)

G, p;quuz) Tl*
G, p:Fﬂ(ﬂ“l Tz*

N n= 1 Q(ﬂz)
a0 4(2,)

Equation (15) relates the coefficient of ejection n geometric parameter of the ejector a and parameters
of the 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 of temperature at one and the same wall thickness of the cylindrical
or flat [13].

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

Figure 1 presents 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, P, = 0,5 MITa = 506625 h/m’, w = 1285m/s, T = 2020 K (table).

(15)

Estimated data regime and design parameters of thermal tools with a nozzle at the cost of fuel components 17, 25, 35 1/hour

Regime and design parameters 17 l/hg)ur., air 6 .25 l/hg)ur., .35 l/h(gur,.
M/Min air 9 M”/min air 12 m”/min

The estimated performance of the injector G, kg/sec 0,4368 0,684 0,9428
Expense of a working stream G, kg/sec 0,1092 0,171 0,2357
Expense of the injected stream Gy, kg/sec 0,3276 0,513 0,7071
The critical section of the working nozzle d,,«, mm 20 22 26
I(})lze;;(ttgie;;m of the ejector nozzle of the Laval’s 24 30 36
Length of the free jet /., mm 262,5 328,24 393,8
Diameter of the free jet d,, 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.

n
S

Length of the free jet, /,;

4u

Consumption of fuel components, Ihour

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 g. = const (at x = 0); on
another surface is set to the heat-transfer coefficient a,, and the ambient temperature z,.,, i.e. boundary
conditions of the third kind (figure 3). Internal sources in the wall are missing (g. =0).

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 of the thermal regime we can write the following equation:

A
qc = (tcl - ZLc2 )gﬁ qc = a2 (tCZ - t.?fc2 ) (16)
From equations (16) it follows that for a given value of g.
1 | )
tc2 :t‘wc2 +qc_; lcl :tolc2 +qc — T+t (17)
a, a, A

We find from the formula (17) the temperature inside the ejection nozzle:

_(t t )ﬂ“ _ﬂ’tcl_ﬂ’tCZ.
qc — el T2 ) oo qc _T’ ﬁ”tcl —ﬂ[cz :qc§7 ﬁ”tcl :qc§+ﬂ’t629

o
q.0+ At
log=———F—
A

where is A — the heat transfer coefficient for metal, A = 35 W/mK; 6 — the thickness of the nozzle,
0 =5 mm = 0,005 m; ¢g. — the heat flow; z.,— temperature , ., = 1473 K.

In accordance with figure 4 estimates the temperature of the metal by its colour temperature of the
nozzle T, = 1100...1200°C (1373...1473°K) and given the increase in temperature of the working gas flow
due to heat of combustion of unburned fuel, but with high temperature (2000°C) and loss on heating of the
metal nozzle, take the temperature of the mixed gas stream 7}, = 2000°C.

—— Y4 ——
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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 7., when various consumable fuel component (17 L/h, 25 L/h,
35 L/h). Get the temperature in the zone of intense combustion in the nozzle 7., = 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 of the ejection nozzles, which allows to significantly increase the energy parameters
of the 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 of calculation of a new design of a thermal tool with gas-dynamic, ejection nozzles, its
main kinematic and structural parameters were obtained.
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IKEKIIMOH/IbI CATITAMACBI BAP BEH3UH-AYAJIbI TEPMOKYPAJIJIAPBIH/IA
OTBIH KOCITACBIHBIH, ’)KAHYBIH HHTEHCU®UKALUAJIAY

AHHOTanusi. Makanaia TepMOKYPal JKAIbIHBIHBIH JBIOBICTBI JKOFAPhl TEMIIEPATYPAIbl arbIHBIHAA OTHIH
KOCTIACHIHBIH KaHYBIH KapKBIHIATY apKbUTBI OJIOKTHI TACTHl OHAIPY JKOHE eHaey (macchpoBKajay) Ke3iHIe Tay
JKBIHBICTAPBIH Oy3y YIIiH OCH3WH-ayallbl TEPMOKYPAIAAPbIH KyaThblH apTThIPYy Moceneci KapacTeipbuiraH. Tyrac
OpTa MEXaHUKACHIHBIH CaKTaly TCHACYJIEPIMEH CHIATTAlFaH KEKIHUSUIbI calTamaga COKKbl TOJKBIHBIHBIH ©PIIY
MPOIIECiHIH MOAeTi KenTipinreH. by TeHaeyni menry HoTHKeciHAe KEKINOHIB KOHIBIPMAHBIH HETi3T PeKUMIIK
JKOHE KOHCTPYKTHBTIK mapamerpiepi Tadbuiabl. TepMokypasiasiH JlaBanb myMeriHeH KeKIMOHbl KOHIBIPMaHbIH
CaHBUIAybIHAH OTETIH ABIOBICTHI TA3 aFBIHBIHBIH ITapaMeTpiiepi 1e TaOBUIIB. ATal aiTKaHAa, )KaHy KaMepachIHIaFbl
ra3 arbIHBIHBIH JKbUIJAM/IBIFBI MEH TEMIIEPATYPAChI, IIbIFY KUMACHIHBIH ayIaHbl XKOHE KEKIIHOH/IbI KOHIBIPMAHBIH
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KaMepachIH/JaFbl TUaMeTpi, OOC arbICThIH JWAMETPI MEH Y3bIHABIFBI TaObuiAbl. CanTaMaHblH IIIHIETI KbLTY
aFbIHBIHBIH TEMIIEPATYPAChI JKOHE CalTaMaHbIH IIIKI KaObIPFAChIHBIH TeMIlepaTypachl SKCIEPUMEHTAIAbI TaObLIIbI.
Konpgpipma imriHzeri KbUly aFbIHBIHBIH TEMIEpaTypachlH aHBIKTAy VIIIH LWIMHAPIIK KaObIpFa apKbUIbl JKbLIY
OTKI3TIMITIKTIH Kepi ece0i OpbIHAaIFaH, Oy MMIMHAPIIK HEMECE JKa3bIK KOHIbIPMA KaObIPFaChIHBIH Oip KaJbIHIBIFbI
Ke3iH/Ie TeMIlepaTypaHbl aHbIKTAy OOMBIHIIA epeKkiieseHeal. MeTalblH TeMIepaTypachl OHBIH Tycl OOWbIHIIA
Oaranay Heri3iHIE TEPMOKYPaIIbIH KOHABIPMACHI OETIHIH KbI3BIPY TEMIIEPATYPACBIHBIH CaJbICTBIPMANbI TAJIAYbI
kenripiired. ['a3 aFbIHBIHBIH TEMIIEpaTypachblH aHbBIKTAY YIIiH, METaJ[bIH KbI3ybIH OHBIH TYycCli OOWBIHIIA
TEeMIIepaTypaiblK Oaranay OOWBIHINIA CanTaMaHbIH CHIPTKbI KAaOBIPFACBIHBIH TEMIIEPATYPAChIH aHBIKTAHMBI3 JKOHE
COJIaH KeHiH KbUTy OTKI3TIIITIK TeHASY/l LIeNIeMi3, calTaMaHbIH IIIKi KaObIPFAChIHBIH TEMIIEPAaTYpachlH HeMece
canrtamaHblH a3 aFbIHBIHBIH TeMIIepaTypacsiH Tabambi3. 17, 25, 35 i/car sxaHapMaii IIBIFBIHOAPHI KE31HAE ra3inHa-
MUKAJIBIK CanTaMachl 0ap TePMOKYPAIIapAbIH PEKUMIIK KOHE KOHCTPYKTHBTIK apaMeTpIIEPiHiH eCeNnTiK AepeKTepi
’KOHE OThIH KOMIOHEHTTEPIHIH IIBIFBIC CUIIATTAMANAPbIHA TOYEJIJIi KaHAPFbI aFbICHIHBIH aJIbIC TO3IMIUIITIHIH e3repy
kecteci ycbiHbuFaH. COHBIMEH Karap OyJl Makajajga SHEepPreTHKANbIK Mapamerpiepli apTThIpy YIIiH HHXEKTOPbI
xoHe andy3opsl 6ap ra3 arbIHIBl TEPMOKYPAIBIHBIH KaHa KOHCTPYKUHSCHI — aTMOC(hEepalblK ayaHbl MHKEKTEH-
Jipyre apHanfaH apHaibl KOHIBIPMACHI YCHIHBUIFaH. ApPanacThlpy KaMepachIHbIH KipiC KAMAaCBhIHAAFbl KbICY MEH
KBICBIMHBIH KOJDKETIM/II KbICBIMBIHBIH HET13T1 ITapaMeTpliepi, cCoHai-ak 1udQy3opbl 0ap ra3 arbIH/bl HHKEKTOP/IbIH
HETi3ri TeOMETPHSUIBIK eJIeMepi (ayaHbl HHKEKTEHIIPYre apHaIIFaH apHaiibl canTama) aHbIKTaJIIbl.

Tyiiin ce3aep: OeH3MH-ayalbl TEPMOKYpaIAAp, IbIOBICTHI )KOFAPBl TEMIIEPATYPAJIbl aFbIC, KbUTY arblHbI, OThIH
KOMITOHEHTTepi (OCH3UH, KEPOCHUH, aya), NETOHALMSIIBIK TOJKBIHIAP.
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UHTEHCU®UKALIMA TOPEHUS TOIVIMBHOMW CMECH B BEH30BO3 /1Y IIIHBIX
TEPMOHUHCTPYMEHTAX C 2KEKIIMOHHBIM HACAJIKOM

AHHoTanusi. B cratbe paccMoTpeHa mpoOiiema MOBBIIMIEHUS MOLIHOCTH O€H30BO3IYIIHBIX TEPMOUHCTPY-
MEHTOB IS Pa3pyLIeHHUs TOPHBIX MOPOJ MpH A00bMe M 00paboTke OJIOYHOrO KaMHS 32 CUET MHTEHCH(UKAITUSL
rOpeHHsl TOIUIMBHON CMECH B CBEPX3BYKOBOM BBICOKOTEMIIEpATYpHOU cTpye (akena ropenku. [IpuBeneHa mMouens
mporiecca Bo30yKIeHNS yIapHOH BOJIHBI B )KEKIIMOHHOI Haca/Ke, ONMCaHHAS YPAaBHEHUSAMH COXPAaHEHUS MEXaHUKH
CIUIOIIHBIX Cpell. B pesynprare pemieHns 3THX YpaBHEHHHM HAaWICHBI OCHOBHBIE PEXHMMHBIE M KOHCTPYKTHBHBIE
mapaMeTpsl KEKIHOHHOW Hacanku. HaiimeHsl mapameTpbl CBEPX3BYKOBOTO Ta30BOIO IOTOKA, MCTEKAIOMIETO M3
coria JlaBais Topenky B MOJIOCTh MKEKIMOHHOW HACAAKH. A FIMEHHO: CKOPOCTh M TeMIIepaTypa ra30BOro MOTOKa B
KaMepe CMEIIeHHs (CropaHus); IUIOMagb BEIXOJHOTO CEYCHNUS; AUAMETP KEKIIUOHHONW KaMephbl CMEIICHUS; TUaMeTp
W JAMHY cBOOOJHOM cTpyH (hakesia Topesiku. DKCIIEpUMEHTAIbHO HaliIeHbl TeMIIepaTypa TEIIOBOrO MOTOKA BHYTPH
HAaCaJK{ M TeMIlepaTypa BHYTpEHHEH CTEHKM Hacaaku. [ ompeneneHus: TeMIepaTryphl TEIIOBOTO IMOTOKA BHYTPH
HacaJIK{ BBIIONIHEHA OOpaTHas 3aJava TEIUIONPOBOJHOCTH 4Yepe3 IMIHMHIPUYECKYI0 CTEHKY, YTO HE3HAYHTEIHHO
OTJINYAETCsl 110 ONPEACIECHUIO TEMIIEPATYPhl IPU OJHOW M TOM K€ TOJIIMHE CTEHKH LMIMHIPUYECKON MU IIJIOCKOU
Hacanky. IlpuBeneH CpaBHUTENBHBIN aHATIH3 TEMIIEPAaTyphl HArpeBa MOBEPXHOCTH HACAIKH TEPMOWHCTPYMEHTA II0
OIIEHKE TEMIIepaTyphbl ME€TaJlIa 10 ero HBeTy. s onpeneneHus TeMIIepaTyphl ra30BOT0 MMOTOKA BHYTPH HACAAKH 110
TEeMIepaTypHOH OIEHKE HarpeBa MeTajlla II0 €ro IBEeTy ONpeAessieM TeMIepaTypy HapyKHBIA CTEHKH HACaIKéd U
3aTeM, pelas ypaBHeHHE TEIIIONPOBOIHOCTH, HAX0IUM TeMIIEpaTypy BHYTPEHHEH CTEHKH HacaaKa WK TeMIIepaTyp
ra3oBOr0 MOTOKa B Hacaake. [IperncTaBieHBl pacyeTHBIE NaHHBIE PEKUMHBIX M KOHCTPYKTHBHBIX ITapaMeTpOB
TEPMOMHCTPYMEHTOB C Ta30JMHAMHUYECKON HacaJkoW mpHu pacxomax roprouero 17, 25, 35 n/uac u rpadux
M3MEHEHHS TaTbHOOOMHOCTH CTPYH TOPEJIKH B 3aBHCHMOCTH OT PACXOIHBIX XapaKTEPUCTUK TOIUTMBHBIX KOMIIOHEH-
ToB. Takke B JaHHON CTaThe AJS TOBBIIICHHUS YHEPIETHUECKUX IMapaMeTPOB TPEACTaBIIEHA HOBAs KOHCTPYKIIUSA
ra3oCTpyHHOr0 TEPMOMHCTPYMEHTA C UHXKEKTOPOM U an(dy30poM — CrielIMAIbHON HACAIKOM [T MHXKEKTHPOBAHMUS
arMocepHoro Bozayxa). OmnpezeneHbl OCHOBHBIE MapaMeTphbl JOCTH)KUMOTO AaBJICHHMS CXKaThS U JIABICHUS BO
BXOJTHOM CEYCHHH KaMephl CMEIICHHS, a TaK)Ke OCHOBHBIE T€OMETPHUIECKHE pa3Mephl ra30CTPYHHOTO HHXEKTOPa C
mddy30pom — crienuanbHOM HACAAKK JUTS MHIKEKTUPOBAHUS BO3/1yXa.

KiroueBble c1oBa: OCH30BO3IyIIHBIE TEPMOHHCTPYMEHTBI, CBEPX3BYKOBas BBICOKOTEMIEpaTypHas CTPYH,
TEIUIOBOW TIOTOK, TOIUTMBHBIE KOMIIOHEHTHI (O€H31H, KEPOCHH, BO3AYX ), I€TOHAIIMOHHBIE BOJIHEL.
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