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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. The method of the numerical simulation and details of the problem are presented
in [4, 5].

Keywords: combustion, hydrogen, scramjet, chemical kinetics.

Cold air
215

458
ey 15 45 BE 108 125 145 165 195 l a0 il—"
R R

— | =0 amae
f_'"““n r halfangle 5°
I
v
200 130 545

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

The results of previous studies [1-3] have shown the ability to control combustion modes in
combustion chambers of hypersonic ramjet engines (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 axisymmetric channel scramjet experimental setup [3]. These
videos illustrate flow regimes, observed in the experiments.

First phase of the calculation consists in determining the quasi-steady mode of burning in a
stream of air with a temperature T = 965 K, a pressure p = 0.65 atm, at velocity M = 2.2. Molecu-
lar hydrogen supplied in the axial direction from the beginning of the chamber, with the following
parameters: M =2.7, p = 0.237 atm, T = 193 K. The hydrogen jet diameter is d = 50 mm. At this
stage the diffusion combustion is realized (section | — V) at a relatively low-intensity heat release
in the main section of the combustion chamber (section V).

When flap (see 2 in fig. 3), through which an air stream is injected with parameters Vi, =
31200 cm/s, p = 1 atm, T = 290 K activates, the combustion considerably intensifies, as evidenced
by the increase in temperature in the initial section of the channel (section I). Upon termination of
the air valve combustion mode switches from intensive to low intensity diffusion. Periodic com-
bustion process is realized in the combustion chamber. Time of injection in the calculations was 2
ms, and the time between the injections was 6 ms. Details of the numerical method are presented
in [4,5].

The animation files give results of numerical simulation of thermo-gasdynamic processes in
the combustion chamber with periodical cold air injection:

1) T —the name of animation file for temperature (in K);

2)  OH - the name of animation file for mass fraction of OH;

3) H20 —the name of animation file for mass fraction of H,O;

4) M —the name of animation file for Mach numbers;

5)  Pres —the name of animation file for pressure;

6) O —the name of animation file for mass fraction of O;

7) N2 —the name of animation file for mass fraction of Ny;

8) H-—the name of animation file for mass fraction of H;

9)  Vx - the name of animation file for longitudinal velocity (Vy);

10) Vy —the name of animation file for velocity (Vy);

11) Ro - the name of animation file for pressure.
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AHHOTAIIUA

B paGote mMonenupyercs mMpouecc rOpeHUs: BOJIOPOA0-BO3AYIIHON CMECH TPU MEPUOIUICCKOM
BIIyBE XOJIOJTHOTO BO3[yXa MOMEPEK OCHOBHOTO CBEPX3BYKOBOTO MoToKa. [loms KoHIeHTpanuid
XUMHUYCCKHX KOMIIOHCHT, OABJICHHUA U TCMHCpaTypI)I paCC‘-II/ITI)IBaIOTCH C IOMOUIIBIO )IBYMCpHOfI
BBIYUCIIUTEIBHOM MOJENN, OCHOBAaHHON Ha HecTalUMOHAapHbIX ypaBHeHMsX HaBbe-CrTokca, co-
XpaHeHUs] dSHEpruu, ypaBHeHHH AUPQY3MH W CHCTEMBl YpaBHEHHH XUMHYECKOHW KHUHETHKH.
[IpencraBneHa Bu3yanu3aiisl JBYMEPHBIX PacueTOB MOJIEH TeMIepaTyphl, CKOPOCTH, JaBICHUS
1 KOHIICHTPAIIUH XUMHUYECKUX KOMIIOHEHT. METO I YHCIIEHHOTO MHTETPUPOBaHUs aaH B [4, 5].

Kunrouessle cioBa: ropenue, sogopon, [ TIBPI, xumuueckas KHHETHKA.
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Puc. 1. Cxema pu3nueckoro sKCrepuMeHTa 1 TeOMETPHS JUT YUCICHHOTO MoienupoBanus [1-3]
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Puc. 2. Temmieparypa B Kamepe cropanusi 6e3 nmepruoanvecKoro Baysa Bo3ayxa [4]
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Puc. 3. Temneparypa B kKamepe CropaHusi BHa4aJie rmpoiiecca nepuouIeckoro BayBa 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-
MIEPUOINIECKOTO TIONIEPEYHOTO BIyBa BO3yXa HW)KE MO TEYCHUIO OT 00JACTH BOCIUIAMEHCHHS
KOMITOHEHTOB TOPIOYETO.

[lpuBeneHnpie B AaHHOW paboTe BUICO SBISIOTCS PE3YJIBTATOM JBYMEPHOTO YHCIICHHOTO
MOJIEJIMPOBAaHUS TEPMOTa30JMHAMUYECKHUX MPOLECCOB B ocecumMmeTpuyHoM kaHaiie ['TIBPJ skc-
NEPUMEHTAIBHON YCTaHOBKH [3] M HWIUTIOCTpUpPYET HAOI0AaeMble B SKCIIEPUMEHTAX PEKUMBI Te-
YCHUS.

[lepBast ¢a3a pacueTa COCTOUT B OINpPEIEIICHUN KBAa3HCTAIMOHAPHOTO PEKMMA TOPEHHS B
MoTOKe Bo3ayxa ¢ tremreparypoit 7 = 965 K, naBnennem p = 0.65 atm u ckopocthio M = 2.2, Mo-
JEKYJSIPHOTO BOJOPO/A, ITOIaBAEMOT0 B aKCHaJIbHOM HAlpaBJICHUH B Hadajie KamMephl, C IapameT-
pamu M = 2.7, p = 0.273 atm, 7' = 193 K. [luameTp BomopoaHoii ctpyu paBeHn d = 50 mm. Ha atom
aTane peanusyercs TupGy3HOHHBIH pexuM ropenus (cekuuu | —V) ¢ OTHOCHTENBHO MaJIOMHTEH-
CHBHBIM TEIUIOBBIJICIEHUEM HA OCHOBHOM y4acTKe Kamepsl cropanus (cexius V).

[Tpu BkItoueHUN KinanaHa (o0o3HadYeHHe 2 Ha puc. 3), Yepe3 KOTOPBIH UHKEKTUPYETCS BO3-
aymrHas ctpys ¢ napamerpamu Vin = 31200 cm/c, p = 1 atm, T = 290 K, ropeHre 3aMeTHO UHTEH-
cuuupyeTcsi, 0 4€M CBUIETEILCTBYET MOBHIIICHNE TeMIIepaTypbl Ha HayalbHOM y4acTKe KaHa-
na (cexuuu |) I[lpu mpekpalieHuu Mo auy BO3AyXa U3 KilalaHa PeXXUM FOPCHHS MTEPEXOIUT OT MH-
TEHCUBHOTO K MU (Hy3MOHHOMY MaIOMHTEHCUBHOMY. Takum o0pa3oMm, peanusyeTcsi Meprouye-
CKHI TIPOIECC TOPEHHUS B OCECHMMETPUYHOM KaHasie. Bpems BiayBa B pacderax COCTaBIISLIO 2 MC, a
BpeMs MEX]Ty BIyBamu 6 mc.

Jletau YMCICHHOW METOMKH U3JI0KEeHbI B [4, 5].

Crnenytomyie aHUMalIMOHHBIE (DAlIIBI MOKA3BIBAIOT PE3YNIBTATHI YUCICHHOTO MOICITUPOBAHUS
TEPMOTa30IMHAMUYECKUX TPOIECCOB B KaMepe CropaHUs ¢ MEePUOJUICCKHUM BIYBOM XOJIOJHOTO
BO3/IyXa!

1) T —ums arumMaiioHHoro ¢aitna s remneparypsi (B K);

2)  OH — ums anumanonHoro ¢aiina s maccoBoit momu OH,;

3) H20 — ums anumannonHoro (aiiaa s maccoBoit goau H,O;

4) M — ums aHuMaImoHHoro daina st yucia Maxa;

5)  Pres— uMs aHUMaMOHHOTO (haiijia JIs JaBICHHS;

6) O — ums anuMaronHoro ¢aiiia s maccoBoit 1onu O;

7) N2 — ums anuManuoHHOTO (haiina Ay MaccoBoi goau No;

8) H — uMs anuMarmonHoro ¢aina s MaccoBoit nomu H;

9) VX - ums aHUMAIMOHHOTO (aiiia 1yist mpoaobHo# ckopocth (Vy);

10) VY — ums anumanuoHHOro (aiina 1 nonepedHoil ckopoctu (Vy);

11) RO — uMs aHUMAIMOHHOTO (aiiia I TUIOTHOCTH.
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