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Analysis of Low-frequency Instability in a Hydrogen Fueled Scramjet Combustor

using High-resolution Numerical Simulation
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Fig. 2. Radial distribution of (left)normalized pitot pressure and (right)O2 mass fraction
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Fig. 3. Configuration of Direct—Connect Supersonic Combustor
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Table 1. Inflow, initial and fuel injection condition on DCSC
Al SUPEISONIC | o, 30| p~0.35 | d~0.40 | d~0.45 | d~0.50
downstream combustor
Mach # 0.01 0.0 1.0
Temperature 167.0 K 300 K 293.15 K
Pressure 17.25 bar 1.0 bar 5.0 bar | 5.9 bar | 6.7 bar | 7.6 bar | 8.4 bar
N2 60.5 78.9 -
volume (@] 21.1 21.1
[%] 2 . .
H.O 18.4 - _
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Fig. 5. Grid convergence test result of time—averaged pressure field distribution under the
condition of fuel equivalent ratio 0.30: (left) a point 70 cm away from the entrance of the isolator,
(right) a point 75 cm away from the entrance of the isolator
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Fig. 7. Time—averaged result for (left)OH mass fraction distribution and numerical schlieren and
(right)temperature distribution according to each global equivalence ratio case
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Fig. 8. Time—averaged result for Takeno flame index according to each equivalence ratio case
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Fig. 11. x—t diagram for (top)the pressure distribution on a lower wall and (bottom)the
temperature distribution on a upper wall of combustor region
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Figure 120l 8t =D HAZSHHO| OFI|E AlZ2t F22H0 Ot L&l =2tAIZ2E 2UWE A2U=22
T AIGIGCH 2Mo=E OIHEN M2t A~G RFULZ LISUCH R4, ARZHNA=E &8 &2 2HE
Sttoltl Os AL S22 FLEZ2 0IF0HA primary &% 0ls s3I &4, H2RZ2 <
MAMSl IS0 JUCEH HAIIUW M= cavity shear-layer 3 252 FXIoHH, = HAAS0] Hst
HAWA ST QUCH TetA AE O HAZEQ TN USS 2ol 4= JACH DL, oHE N
HADP RADE AR2UL= 2el, BRAUANA=E HSEAF S0 wWeto] Mg Il AIESHCH ANA
CHZH 2 ZME=, A FA 999 wet 2 EF O|HEN st &2 X, &F gHHo

AH=TE Figure 139 1401 22 TAIGHICH
CIREAR QIE XAMO LSS AN G =W H&E =l JIES SFBANAC EHI
MEGE wg JEE AN AR HOOR HEEQ. 0N, %2l Hoo UMM ESALG-HHE



ASEHESOZ (E CHlambda) 2001 E@AHECH 0 EJMS2 2A 0lF, IR ¢$2 dHE9
SEHE |AotH A AR 8HUHY FEHDH SHIEH Hgs AEZN wWetE2 ZLMAI2ICH Ols
2t HAZ/37| S22 |FEUSHH HAY as52 SATAIZICH 0 S92 X Hg AEEE &1
BAEH 2AF 29 F89o 2 ZSIOIAMZICH Z2uEoz A2 2AI2 848 A 520 &Y
DE HAUA HAL AS0l AT, SAN 0SS EE0l EUSECH OIS I99o =&, g
Sl 2AME H29] ZEHelE LAl SIHAI211, d2Es 2AF 25 S8/HADH =28 dAe
Als8 SESHCH O 014 cavity shear—layer 84 BE9 HA-KSESZ SN2 EECX L=C
[vpl: 03 0.6

(a), t=25.58 ms

(b), t =26.00 ms

—
Sy

(€)t=2619ms
(d), t=26.27 ms
(e), t =26.32 ms
(0, t=2640ms
(@), t= zs.aini;

(h),t=2658ms

Fig. 13. Instantaneous result for the (left) numerical schlieren and (right)pressure field
distribution at the time—rage of secondary upstream—traveling shock wave formation;
(a)the state of cavity—shear—layer stabilized combustion mode, (b)formation of lambda
shock and the start of disturbance on the fuel stream, (c)increasing pressure at backside
of bow shock, (e)~(g)pressure propagation into the isolator, (h) highly unstable state for
fuel injection region
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Fig. 14. Pressure field distribution on the upper wall at the region between stable state
and propagation of secondary upstream—traveling shock wave
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Fig. 20. (left)The instantaneous result for Mach number distribution on the fuel injection
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Fig. 21. The normalized (left)pressure and (right)temperature distribution on the upper
wall at the cavity shear—layer combustion mode, transition state and the jet—wake
combustion mode
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Fig. 22. The instantaneous result for temperature, density gradient, pressure distribution

and OH mass fraction at (A)the cavity shear—layer combustion mode, (B)transition state,
(C)jet—wake combustion mode
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Fig. 24. The Pressure history of each probe point on the lower wall of the computational
region; upstream and downstream of the isolator, fuel injection point.
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