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BoHu MOXyTb 3MIHIOBaTH CBOIO KOH(Irypalito, HanpukKiaa, CTyliHb IBOKOHTYPHOCTI
a00 CHiBBIIHOIIEHHS THCKIB, I[00 ONTUMI3yBaTu poOOTY. J(BUT'YHU 3MIHHOTO LUKITY
J0JIat0Th OOMEKEHHS TPAJULIMHUX JABUTYHIB, ONTUMI30BaHUX 1]l OIUH PEKUM

Po3poOka Takux BUTYyHIB peani3y€eTbcs Yepe3 HU3KY 1HHOBALIMHUX 1HKEHEPHUX
niaxoaiB. TaHaeMHuM BEHTUIISTOP niepedavace A8a BEHTUIATOPU HA OJTHOMY Bay, 10
MPAIOI0Th MOCIIIOBHO ,IK TypOOBEHTHIISITOP, HA KpeHcepCchbKOMy pexumi ado mapa-
JIENBbHO, 3 BUKOPUCTAHHSM JIOMOMIXHHUX MOBITPO3a01pHUKIB Ta COILIa, 1Sl 301IbILICHHS
MOTOKY MOBITPS Ta 3HWKEHHS IIyMYy MiA 4yac 31p0Ty/mocaaku. CepeaHiil TaHaeMHUN
BEHTHJIATOP PO3MIILY€E BEHTHIISITOP MiXK KOMIIPECOPAMHU HU3BKOTO Ta BUCOKOTO THCKY,
MPOITYCKa4M 4yepe3 cede JUIIe MOBITPS APYroro KOHTYPY, 1 MOKE NEPEXOAUTH BiJl
PEXUMY TypOOBEHTHUIISTOPA IO PEKUMY '"HETePMETHUHOTO" TYypOOpEaKTHUBHOTO JIBH-
IyHa HUIIXOM 3aKpUTTS JONOMDKHHMX MOBITPO3aOIpHUKIB Ta JIOMATOK. AJIanTUBHUMA
JBUTYH 3 TPhOMA MOTOKAaMU TIOBITPS I0AA€ TPETil KEPOBAHMIA MOTIK, SKUI MOXKE OMH-
HATH TypOiHY AJI1 €eKOHOMIT najarBa ado MPOXOAUTH KpPi3b HET /il 301IbIICHHS MOTY-
KHOCTI.

AnanTuBHI TpUNOTOKOBI 1BUryHH, Hanpukiag General Electric XA100, Pratt &
Whitney XA101, mo po3po0asitoTbes Uisi BUHUIIYBa4YiB HACTYITHOTO TOKOJIIHHS, Jie-
MOHCTPYIOTh 3HAUHUH TTPOPHUB 3aBISIKH MOMJIMBOCTI THYYKOTO TIEPEPO3MO/ILTY TIOBIT-
PSHUX TIOTOKIB JUIsl ONITUMI3AIII] TSTH 1 TAJTUBHOI €KOHOMIYHOCTI. Takox 3a paxyHOK
BUKOPHUCTaHHS HOBITHIX MaTepiaiiB, TAKUX SIK KepaMiyH1 MAaTpUYH1 KOMIIO3UTH, € IiJI-
BUIIICHHS po00Y0i TemrepaTypu TypOiHu. Lle Bce pa3om MOTEHIIITHO MTPU3BOAMTH /10
30UIBIICHHS JATBHOCTI MOJbOTY Ha 35% Ta 10 25% exoHoMii naauBa.

[Torrpu 3Ha4YHI MOTEHIIIHI TIEpeBark, MacoBe BIPOBAPKCHHSI IBUTYHIB 3MiHHOT'O
LUKy CTUKA€THCS 3 CYTTEBUMM BUKIMKAMU, IO BKJIIOYAIOTh BHCOKY TEXHOJIOTIYHY
CKJIQJHICTh CUCTEM YIIPaBJIiHHS MTOTOKaMH, 3a0e3MeUeHHs HaIHHOCTI Ta JOBMOBIYHO-
CTi B yMOBax 3MIHHUX HaBaHTa)XCHb, 3HaUHY BapTICTh PO3POOKH Ta BUPOOHUIITBA, a
TAaKOXX MUTaHHs €(QEeKTHBHOI 1HTErparii 3 iICHYIOUMMH Ta MalOyTHIMHU aBiallliHUMH
m1aThopMaMu.
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Detonation is the process of burning in which the combustion front spreads faster
than the speed of sound. A shock wave is produced, which is followed by a chemical
reaction with the release of a large amount of heat.

Detonation engine (DE) — is an engine in which combustion of the fuel and oxi-
dizer mixture occurs by detonation. They are divided into two types: ramjet pulsing
(PDE) and "rotating" (RDE).

In PDE short explosions occur while a portion of the fuel-air mixture burn. After
the detonation wave passes through the combustion chamber, the fuel-oxidizer mixture
must be renewed.

In RDE there is an undamped detonation in the annular combustion chamber.
Thrust is generated by a shock wave, which is held in an infinite loop. Fuel and oxidizer
are come into the chamber through the injectors, then they are ignited. The first deto-
nation occurs, as a result of which a supersonic shock wave is emitted, which passes
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through the annular combustion chamber. After making one revolution and returned to
the injectors, it ignites the next batch, the thrust appears as a result of a series of explo-

sions.
This type of engine has a number of advantages:
— they are simpler in design
— light and compact;
— they are cheaper than gas turbine engines;
— they are difficult to disable;

— a rotating detonation engine can be used in tandem with a jet or gas turbine

engine.

— In this work, we are going to calculate parameters

Cess.

behind the shock wave front.

1) The first step is to calculate combustion pro-

DE works using Humphrey cycle. It means that
combustion is leaking with constant volume, rather

-1 than with constant pressure (deflagration), as in gas tur-
Fig. 1 - Profile of RDE bine engines. It's explained by short time of combus-

tion, so in this case volume can be fixed.

Table 1 — Data for combustion calculation

Ha O2
1 | Inlet temperature, K 298,15 298,15
2 | Inlet pressure, bar 1 1
3 | Mass ratio O/F (OFR) 8

Table 2 — Mixture parameters after burning
Isobaric Isochoric

Molar mass of combustion products, kg/kmol 14,861 15,310
Gas constant of combustion products, kJ/(K-kmol) 559,50 543,07
Burning temperature, K 3077,6 3377,5
Final combustion pressure, bar 1,000 8,8867
Final specific volume, m%/kg 17,219 2,0641
Specific isochoric heat capacity of combustion products, kJ/(K-kg) 2,6366 2,5994
Specific isobaric heat capacity of combustion products, kJ/(K-kg) 3,1961 3,2505
Adiabatic index 1,2122 1,2006
Speed of sound, m/s 1383,2 1433,9

According to the table 2 results are so difference for isochoric and isobaric pro-
cesses. It proves that the next step depends on the assumptions about combustion pro-

cess. As written below we need to use the result of isochoric calculation.

2) The second step is to calculate parameters behind the shock wave front in a

relative coordinate system
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The calculation method is based on the formulas for a normal chock and energy,
mass, impulse balance equations, ideal gas equation of state.

Assume that the velocity of the plane front of the X-axis is constant, we will have
a new coordinate system, which moves with velocity D. In the new moving coordinate
system, the velocity of shock wave is equal D* = 0.
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Fig. 3 — Scheme of transformation of a plane
Fig. 2 — Scheme of motion of a plane shock shock wave into a normal shock
wave in a relative coordinate system: index 1 — for su-

personic area; index 2 — for subsonic area

Table 3 — The result of calculation in a relative system

1 2

A 3,058 0,327
(N 1,474E-01 0,9903
(N 1,057E-05 0,9431
() 7,170E-05 0,9523
q(L) 3,5631E-04 0,5015
T, K 298,15 2002,5
T',K 2022,2 2022,2
P, bar 1 62,815
P*, bar 94593,4 66,6
p, ke/m’ 0,618 5,776
a,m/sec 440,9 1142,7
Cop,0/SEC 1094,7 1094,7
M 7,593 0,313
AS, kJ/kg 3942,1 3942,1

3) The third step is to calculate parameters behind the shock wave front in an
absolute coordinate system

The velocity of the shock wave front in the absolute coordinate system is equal to
the relative velocity of the supersonic flow:

D=C1+W1.
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Supersonic area is motionless: w; = 0 m/s
Flow velocity behind the shock wave front is equal:

D=C2+W2, W2=D_C2,

The static parameters don't change during switching from a relative to an absolute
coordinate system, they are determined by the thermal complex velocity of molecules
movement, which is not affected by the velocity of the coordinate system.

Table 4 — The result of calculation of combustion products in the detonation wave front in an
absolute system

1 2
A 0 2,1133
() 1 0,5929
(L) 1 0,0438
e(\) 1 0,0738
qM) 0 0,2513
T,K 298,15 2989,9
T", K 298,15 3377,5
P, bar 1 62,815
P", bar 1 1435,1
p, kg/m? 0,618 5,776
p’, kg/m? 0,618 78,234
w, m/s 0 2989,8
a, m/s 440,9 1142,7
Cep, M/S 420,3 1414,8
M 0 2,617
AS, kl/kg 3942,1
1 — Undisturbed medium
2 — Behind the shock wave front
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Fig. 4 — Specific impulse of Brayton and Huphrey cycles
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Conclusions:

During the study, it was possible to obtain the parameters of the detonation wave
and combustion products of the simplest detonation engine, as well as to compare the
specific impulse of the thrust of a jet engine for detonation and deflagration combus-
tion;

Despite the fact that the detonation rocket engine operates in principle in a pulsed
mode and must be calculated in a non-stationary two-dimensional approach, the one-
dimensional stationary model showed good correlation with the calculations of other
authors [1, 2].
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