MzEEEHE Y oL — ar B LR T 120055 SCEE 221

CFDIZ A AT T A =y NRITERROEFIENT
W EEL BR OEGE BB BE
FEMEEEREE ReBWTERR

oo

Pre-Flight Analysis of Scramjet Flight Experiment by CFD

by
Masatoshi Kodera, Tetsuji Sunami and Katsuhiro ltoh

ABSTRACT
In this study, CFD has been applied to the prediction of the characteristics of two scramjet engines that will be tested at Mach 8 in
JAXA’s flight program for 2005. The engines each has the Hyper Mixer (HM) injector, which generates streamwise vortices to enhance
supersonic mixing and combustion, or the Back Step injector (BS), which generates no streamwise vortices. CFD results showed good
agreements with data obtained from preflight experiments in the High Enthalpy Shock Tunnel. Comparisons between the CFD results for
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the two engines showed that the mixing ability of the engine with HM (HM engine) was much better than that o
engine), because streamwise vortices promoted the spread of H, distribution over the combustor flow path for HM engine, though the H,
distribution concentrated near the combustor bottom wall for BS engine. Therefore combustion occurred widely in the supersonic core flow
for HM engine, while ignition occurred near the injector within the bottom wall boundary layer and combustion occurred locally along the
edge of the /, distribution for BS engine. The total pressure and heat losses were larger for HM engine than those for BS engine despite the
larger amount of heat release. Thus the Thrust Potential (7Tp) was superior for HM engine to that for BS engine, though Tp for HM engine
decreased and approached to that for BS engine as going downstream of the combustor due to the losses dominating over the increment of
heat release. This tendency was more remarkable when the nozzle with a fixed expansion ratio was applied to the engines. The changes of
the free stream and wall temperatures proved to be sensitive for only the ignition point for HM engine. The change of the fuel equivalence

ratio largely affected the ignition point and the heat release distribution for HM engine, while only the heat release distribution in the down-
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Fig.1: Side view of a scramjet engine with Hyper Mixer Injector
for the flight experiment (Whole flow path is two-dimensional.)
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(a) Hyper Mixer Injector (b) Back Step Injector

Fig. 2: Injector configurations (Unit : mm)
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Fig. 3: Comparisons of wall pressure distributions along center-
line of combustor and nozzle bottom walls between CFD and
HIEST data for non-reacting and reacting cases
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Fig. 4: Contours of H; mole fraction for non-reacting case
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Fig.5: Velocity vectors with contours of ; mole fraction near
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Fig. 6: Contours of OH mole fraction for reacting case
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Fig. 7: Streamwise distributions of mixing and combustion effi-
ciencies for the both engines
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Fig. 8: Streamwise distributions of amount of heat release and
pressure increment due to combustion for the both engines
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Fig. 9: Streamwise distributions of total pressure and heat
losses for the both engines
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Fig. 10: Streamwise distributions of Stream Thrust Function
(Sa) for the both engines
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Fig. 11: Streamwise distributions of Thrust Potential (7p) for

the both engines
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Fig. 12: Effects of changing of free stream temperature at com-

bustor entrance on pressure and heat release distributions
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Fig. 13: Effects of changing of wall temperature on pressure
and heat release distributions
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Fig. 14: Effects of changing of fuel equivalence ratio on pres-
sure and heat release distributions
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