Physical-Chemical Kinetics in Gas Dynamics 2015 V16 (3) http://chemphys.edu.ru/issues/2015-16-3/articles/495/

Unsteady Thermo-Gasdynamic Processes in
Rectangular Scramjet Combustion Chamber with
Periodical Input of Cold Air

R.K. Seleznev'??, S.T. Surzhikov*?

! _ Institute for problems in mechanics Russian Academy of Sciences, Russia, Moscow,119526
2 _ Dukhov Research Institute of Automatics, 22, Sushchevskaya str., Moscow 127055, Russia
3 _ Moscow Institute for Physics and Technology, Russia, Dolgoprudny, 141700
rkseleznev@gmail.com, surg@ipmnet.ru

Abstract

Combustion of hydrogen-air mixture under a periodical perpendicular injection of cold air is
modeled. Fields of chemical species concentrations, pressure, and temperature are calculated
by two-dimensional computational model based on unsteady governing equations including
Navier-Stokes equations, energy conservation and diffusion equations together with system of
chemical kinetic equations. Two-dimensional temperature, pressure and velocity visualization
are presented. Method of the numerical simulation and details of the problem are presented in

[4].
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Fig. 1. Schematic of the physical experiment and geometry of the numerical simulation [1-3]
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Fig. 2. Temperature in combustion chamber Fig. 3. Temperature in combustion chamber at
without perpendicular air injection [4] the beginning of air injection [4]
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Video description

Results of previous studies [1-3] have shown the ability to control combustion modes in hy-
personic ramjet engine (scramjet) using periodical injection of air downstream from the area of the
ignition of fuel components.

The presented videos are the results of a two-dimensional numerical simulation of
thermogasdynamic processes in a rectangular channel scramjet experimental setup [3] and illus-
trate flow regimes, observed in the experiments.

First phase of the calculations show the quasi-steady mode of burning in a stream of air with
a temperature T = 889 K, a pressure p = 0.896 atm, at velocity M = 2.0. Molecular hydrogen sup-
plied in the perpendicular direction at a distance of 50 mm from the beginning of the chamber,
with the following parameters: M = 1.0, p = 0.607 atm, T = 242 K (see H; in fig.2 and fig.3). The
hydrogen jet diameter is d = 4 mm. At this stage the diffusion combustion is realized at a relatively
low-intensity heat release in the main section of the combustion chamber (at a distance from 175
mm to 505 mm from the start of the combustion chamber).

When flap (see AIR in fig. 2 and fig. 3), through which the injected air stream with the pa-
rameters Vi, = 62400 cm/s, p = 1 atm, T = 242 K, activates , the combustion considerably intensi-
fies, as evidenced by the increase in temperature in the initial section of the channel (from the be-
ginning of the combustion chamber to 175 mm). When flap is deactivated the combustion mode
switches from intensive to low intensity diffusion. Periodic combustion process is realized in a
rectangular channel. Time of injection in the calculations was 0.5 ms, and the time between the
injections was 1 ms. Details of the used numerical method are presented in [4,5].

Animation files give results of numerical simulation of thermo-gasdynamic processes in the
combustion chamber with periodical cold air injection (index 2 in the filenames) and without the
injection (index 1 in the filenames):

1) T_1, T_2i-the names of animation files for temperature (in K);

2) OH_1, OH_2 —the names of animation files for mass fraction of OH;

3) H20_1, H20_2- the names of animation files for mass fraction of H,0O;
4) M_1, M_2 —the names of animation files for Mach numbers;

5) Pres_1, Pres_2 — the names of animation files for pressure;

6) O_1, O_2 - the names of animation files for mass fraction of O;

7) N2_1, N2_2 —the names of animation files for mass fraction of Ny;

8) H_1, H_2 - the names of animation files for mass fraction of H;

9) Vx_1, Vx_ 2 - the names of animation files for longitudinal velocity (Vy);
10) Vy_1, Vy_2 —the names of animation files for velocity (Vy);

11) Ro_1, Ro_2 — the names of animation files for pressure;

12) O_1, O_2 —the names of animation files for mass fraction of Oy;
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AHHOTAIIUSA

B pabote MonenupyeTcs nporiecc TopeHusi BOAOPOA0-BO3AYIIHONW CMECH NPU NEPUOANIECKOM
BIIyBE XOJIOJHOT'O BO3/1yXa MOIEPEK OCHOBHOTO CBEPX3BYKOBOr'0 MOTOKA. 11011 KOHLIEHTpaLuii
XUMUYECKUX KOMIIOHEHT, AABJICHUSI U TEMIIEPATyphl PACCUUTHIBAIOTCA C MOMOILIBIO JBYMEp-
HO¥M BBIYHCIUTEIHHOW MOJICITH, OCHOBAHHOW Ha HECTAITMOHAPHBIX ypaBHeHUsX HaBbe-CToKCa,
COXpaHEHUsI SHEPTUH, ypaBHEHUH MU (y3un U CUCTEMBl YPAaBHCHUH XUMUYECKOH KUHETHKH.
IIpencraBiena Bu3yanu3alusl ABYMEPHBIX PacdeTOB IMOJEH TemIepaTypbl, CKOPOCTH, JaBiie-
HUS U KOHUEHTPALHUA XUMUUYECKUX KOMIIOHEHT.

KiroueBsle cnosa: ropenue, sogpopon, I'TIBP/I, xumuueckass KHHETHKA.
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Puc.1. Cxema Qu3HIecKOro sKCepuMEHTa U TEOMETPHS TSl YUCICHHOTO MoaeupoBanust [1-3]
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Puc. 2. Temmepatypa B Kamepe cropaxus Puc. 3. Temneparypa B Kamepe Cropanusi B Ha4a-
6e3 neproMYecKoro ByBa Bo3ayxa [4] Jie Tporiecca MepHoIUYecKOro BIyBa Bo3ayxa [4]
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Onucanue BUICO

Pe3ynbTathl paHee BBIMONHEHHBIX HccleAoBanuii [1-3] mokaszanu BO3MOXKHOCTH yIpaBie-
HUS PSKUMOM TOPCHHS B KaHAJe MOJICIBHON SHEPreTHYSCKOW YCTAHOBKH THITA TUIIEP3BYKOBOTO
MPsIMOTOYHOTO BO3MyIIHO-peakTuBHOrO nBuratens (I'TIBPJl) ¢ ucmonb3oBaHHMEM HMITYIbCHO-
MEePUOANYECKOr0 MOMEPEYHOro BAyBa BO3/yXa HUXKE M0 TEYEHHIO OT 00JacTH BOCIUIAMEHEHMUS
KOMITOHEHTOB TOPIOYETO.

JlanHOoe BUJEO SIBISIETCS PE3yJIbTaTOM JIBYMEPHOI'O YHCIEHHOTO MOJETUPOBAHUS TepMora-
30[JMHAMHUYECKUX TPOLECCOB B NPsAMOYrosbHOM KaHase I'TIBPJl sxciepuMeHTaIbHON YCTaHOBKU
[3] v mutrocTpupyeT HaOMIO[aeMbIe B SKCIIEPUMEHTAX PEKUMBI TCUCHUSI.

IlepBas da3a pacdyera COCTOWT B ONpPENCICHUH KBa3WCTAIMOHAPHOTO PEKHUMaA TOPEHHUS B
nmoToke Bo3ayxa ¢ temmeparypoit 7 = 889 K, nasnennem p = 0.896 atm u ckopocteio M = 2.0 mo-
JEKYISIPHOTO BOJIOPO/IA, MTOAABAEMOT0 B IEPIICHANKYISIPHOM HAIPABJICHUN HA paccTossHuU 50 MM
oT Hauaja kamepsl, ¢ mapamerpamu M = 1.0, p = 0.607 at™m, T = 242 K. JInameTp BOJOPOIHOM
ctpyu paBeH d = 4 mm. Ha aTom sTane peanusyercss nudpy3uOHHBIN PEKUM TOPEHHS C OTHOCH-
TEJIbHO MAJIOMHTEHCUBHBIM TEIJIOBBIZCIICHHEM Ha OCHOBHOM YYacTKe Kamephl cropaHus (Ha pac-
cTossHuU oT 175 MM 110 505 MM OT Havasa Kamepbl CrOpaHus).

Ipu Bxarouenun kinanana (o6o3naucHue AIR Ha puc. 1 u puc. 2), uepe3 KOTOPBIA HHIKCK-
TUpYeTCs BO3yIIHas cTpys ¢ mapamerpamu Vip = 62400 cm/c, p = 1 at™, T = 242 K, ropenue 3a-
METHO MHTCHCHU(PHUIMPYETCA, 0 YEM CBHJICTEIILCTBYET MOBBILICHUE TEMIIEpaTypbl Ha HAaYaJbHOM
y4acTKe KaHasa (0T Hauajia Kamepbl cropanus 10 175 mm). [lpu npekpaliieHuu nojgady Bo3nyxa u3
KJIallaHa PEKUM TOPEHUS MEPEXOIUT OT UHTEHCUBHOTO K MU Y3MOHHOMY MAIOMHTCHCUBHOMY.
Takum 00pa3oM, peasinzyeTcsi IEPUOANUSCKUN MPOIIeCC TOPEHHUsT B IPSIMOYToJIbHOM KaHalie. Bpe-
Ms BIyBa B pacuerax coctanisuio 0.5 Mc, a BpeMmst Mex 1y BayBamu 1 mc.

Jletasu 4MCICHHOW METOMKH U3JI0KeHbI B [4,5].

AHuMaIuoHHble (haiibl TOKA3bIBAIOT PE3YIbTAThl YUCICHHOTO MOJEIUPOBAHMS TEPMOTa3o-
JTUHAMHYECKHX TPOIECCOB B KaMepe CropaHusl C TMEPUOIUICCKUM BIYBOM XOJIOJHOTO BO3AyXa
(unpgekc 2 B uMenw ¢aiina) u 6e3 Hero (MHACKC | B MeHH (aiina):

1) T_1, T_2— umeHa aHMMaNMOHHBIX (aityoB ajst remrepatypsl (B K);

2) OH_1, OH_2 — umeHa aHUMAIMOHHBIX (aiiIoB It MaccoBbIX poieit OH;

3) H20_1, H20_2- umeHa aHMMaIMOHHBIX (aiioB /it MaccoBbIx poiieit H20;
4) M_1, M_2 — umeHa aHUMAIMOHHBIX (haiiiIoB s uncia Maxa,

5) Pres_1, Pres_2 — uMeHa aHMMAaIMOHHBIX (DAMJIOB IS 1aBICHHUS;

6) O_1, O_2— umeHa aHUMANMOHHBIX (aiyioB /i MaccoBbIX noieit O;

7) N2_1, N2_2 — uMeHa aHUMaIMOHHBIX (aijioB I MacCOBBIX goiieii N2;

8) H_1, H_2 — umeHa aHMMAIMOHHBIX (aiJIOB JJIsi MAaCCOBBIX JoJieii H;

9) Vx_1,VX_2— uMeHa aHUMAIMOHHBIX (haiyioB 1151 po0sbHON ckopoctH (VX);
10) Vy_1, Vy_2 — uMmeHa aHMMaIMOHHBIX (aiiioB s nonepednoit ckopoctu (VY);
11) Ro_1, Ro_2 — nMeHa aHUMAITMOHHBIX (DAMIIOB JIJIS IJIOTHOCTH;

12) 02_1, O2_2 — umeHa aHUMAITMOHHBIX (DaiIIoB J1Jist MaccoBbIX fojei O2;
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