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Consideration on Effect of Shock Waves induced in a Scramjet Engine
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Abstract
Japan Aerospace Exploration Agency has been investigating scramjet engines in Kakuda Space Center using RamJet Engine Test Facility (RJTF) etal. The
engine performance tested at the flight condition of Mach 6 in RITF showed very important characteristics depending on internal geometry.  Above all only the
strut height difference causes the difference of transition from weak combustion to intensive combustion. The transition is influenced by the shock waves
generated in the engine, so that to capture the factor inducing the intensive combustion can make it possible to establish a concept for engine designing.
Therefore authors have been analyzing a lot of data taken in RITF with the help of CFD and checking phenomena caused by the shock waves in the engine. In
the process it is found that the hot area “hot triangle” produced by both cowl shock wave and the strut shock wave can bring the desirable transition.  In addition
to the above, a theory has been reported that an incident shock wave to the downstream of a fuel injector can contribute flame holding in a scramjet engine. In
this paper a consideration is described on the effect of relation of fuel injection and incident shock wave on the engine performance. The authors found the

corresponding relation in the engine and propose a hypothesis that the hot triangle is effective for the transition to intensive combustion and the relation is effective

for holding the intensive combustion respectively.
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Fig. 2  Engine model and computational grids.
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3—2 M & RIS E oD BRI

YFRRROME 2D 2 IZBE LR 5 OB LR 2 L C
BLBEPA D, PR BT, Tt~ v K25, 4 0.5MPa, 42
T 520~879K D4 FCRUAR Hy B T2l Sx U CHEELL ST
LZ D Lt K O PSRN 2 A UG A ififoen gl 2 28
&85 2 L CRROME MRS 5 Fr a1 T 72", ZOfER
IR D&, R AL RN A U7 35-G 3L R
IR & 22 FBEEIROHAE b IO b PIRE TE R o723, 1
B AEGHLO TN AR L2813 Rk GEKASRK) T
DT ENIoTn, Beb BAFE SNANEIITHR 5 OIS
TCIIEROEES SO 7HEE FEHR I, 20 7421
METER AL T AR oD RIBRREIAN O FHIE BRI Z 31T 2 SR SR ST E
AR & T DI CTH D, T O 5 OME— B O T4
ROBEGFERZLUT TR LIRS 5,

ZOPHBUTR SN TOLBREZ AN TY = P OFiED
A RS,

3—3 W U/VER & o

LR - TR AT - 72T AT B TRREMESR Lo TS
T H R AS A L OV B0 CFD OfER 21 LTl
Tz, MR L VU TIE, REMER LI O & BEE O T
it 32mm OFEFNCZE RN T 12 AR STV D, Z ORI
JERINTITR IR & IR IS LTV D28, ZOWNRHIT-> &
D LT DD ULHIED B L T HRIDIERS (DL T
TVEEE] LWERD) T D, TS BRD 12 Ad HEREIERALAT
EHIRT LT EDBRC AR LT B 2ERIIZRA~ T2, X4 120k
MR LR OB % 1T,

Fuel Injection Point

Backward Facing Step Cowl

Leading Edge of Cowl
Side Wall

Top Wall
Center Line of Engine

Leading Edge of Strut

Fig. 4 Conceptual image of flow field around the fuel injection point.
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Fig. 5 Relative position of the cowl shock wave and the fuel injection

point.
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Fig. 6 Heat flux distribution obtained in RJTF engine test and the cowl

shock wave position calculated by CFD.
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Fig. 7(a) Strut shock wave trail in the 5/5-height strut engine (M6S43) — in plain of 150mm from the top wall.
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Fig. 7(b)  Strut shock wave trail in the 1/5-height strut engine (M6S40) — in plain of 150mm from the top wall.
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