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Numerical Simulation on High-speed Scramjet Characteristics
at Flight Mach Number over 10

by
M. Takahashi, M. Kodera, T. Komuro, K. Sato, and K. lioch

ABSTRACT
To investigate hypervelocity scramjet characteristics, numerical simulation was applied to combusting flows in a M12-02 HM scramjet
engine at a free-stream stagnation enthalpy of SMI/kg and 7MJ/kg, which corresponds to the flight Mach number condition of 10 and 12.
The numerical results were compared with the experimental results obtained by using a large free-piston shock tunnel to verify the
numerical procedure. Good agreement was obtained between the numerical and experimental results of the wall pressure distribution. The
results gave detailed information on the ignition process in the combustor. To investigate influence of the uncertainty in the test flow
composition on the combustion process in the engine, numerical results computed assuming the free-stream condition with and without a

small amount of atomic oxygen were compared. At SMJ/kg condition, existence of atomic oxygen in the free-stream affected ignition
process and better agreement with the experimental results was obtained in the case of the free-stream condition without atomic oxygen
than in the case with atomic oxygen. The numerical simulation showed that the combustor gas temperature exceeded 2600K at near the
combustor exit and loss in the net combustion heat release due to thermal dissociation of the combusting gas was still one of major causes

to drop the combustor performance.
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Fig.1 Schematic of M12-02 scramjet engine

Fig.2 Photograph the yper-mlxer injector for the M12-02
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Table 1 Test flow condition

Stag. Enthalpy SMI/kg TMJ/kg
Density(kg/m’) 0.0219 0.0192
Velocity(m/s) 3000 3340
Temperature(K) 437 604
Mach Number 7.2 6.8
Mass fraction O, 0.2040 | 0.2052 | 0.1992 | 0.2030
6] 0.0012 | 0. 0.0038 | 0.
N, | 0.7948 | 0.7948 | 0.7970 | 0.7970
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Fig.3 Comparison of the wall pressure distribution at Hy =
5M/kg
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(a) With atomic oxygen (Mass fraction= 0.0012)

(b) Without atomic oxygen

Fig.4 Wall pressure distribution (Fuel ON, Hy, = 5MJ/kg)
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Fig.5 Comparison of the wall pressure distribution at H, =
TMI/kg

(a) With atomic oxygen (Mass fraction= 0.0038 )

(b) Without atomic oxygen

Fig.6 Wall pressure distribution (Fuel ON, Hy = 7MJ/kg)
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Fig.7 Comparison of the normalized combustion pressure rise
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Fig. 8 Mole fraction of the fuel (Hy=5MJ/kg)

(a) H,0

(b) H atom

Fig.9 Mole fraction (with atomic oxygen, Hy=5MI/kg)

(a) H20

(b) H atom

Fig.10 Mole fraction (without atomic oxygen, Hi=5Ml/kg)
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Fig.11 Mole fraction of H,O (with atomic oxygen, Hy=7MIJ/kg)

Fig.12 Mole fraction of H,O (without atomic oxygen, Hy=
TMJ/kg)
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Fig.13 Mixing and combustion efficiencies
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Fig.14 Static temperature distribution at the combustor exit
plane (x = 2400mm)
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