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Numerical Simulation of a Rocket-Ramjet Combined Engine Scramjet Mode

Masatoshi Kodera, Sadatake Tomioka, Shuichi Ueda and Kouichiro Tani

by

ABSTRACT

In this study, numerical analysis was conducted for the scramjet mode operation of a JAXA H, fueled rocket-ramjet combined cycle engine
called E3 under Mach 8 flight conditions. The objective of the study was to examine the effects of rocket chamber pressure, Pc and second
fuel injection on the engine performance and related flow physics before the engine combustion tests. The calculation results revealed that
the engine produced higher specific impulse as well as thrust with higher Pc; however, the thrust gain could hardly exceed the embedded
rocket thrust. This is due to the fact that the rocket exhaust increased the friction drag on the combustor walls over the thrust due to
combustion with the captured air and momentum addition of the rocket flow. On the other hand, the second fuel injection in the diverging
combustor had almost no impact on the thrust augmentation even at low Pc conditions with a large amount of second fuel, resulting in
reduction of the specific impulse contrary to expectations. This partially came from that at lower Pc the combustion efficiency was reduced
because of the lower temperature and larger amount of H radical production as well as poorer fuel/air mixing.
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Figure 1. Schematic view of the E3 engine.
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Table 1. Mach 8 conditions at RJTF.

Mach number 6.7
Velocity (m/s) 2549
Static pressure (kPa) 1.55
Static temperature (K) 330
Density (kg/m” 0.0147
Stagnation pressure (MPa) 10
Stagnation temperature (K) 2600
Air composition (mass fraction)

0O, 0.25578
H,O 0.19301
N, 0.55121

Table 2. Rocket nozzle exit conditions.

Pc (MPa) 0.6 1.5 3 5
O/F 7

2nd injection fuel rate (g/s) 275 23.7 17.4 9.2
Dy 0.91 0.79 0.58 0.31
Mach number 3.505 3.484 3.469 3.458
Velocity (/s) 3523 3577 3617 3646
Static pressure (kPa) 5.2 13.2 26.8 452
Static temperature (K) 1358 1446 1515 1567
Density (kg/m’) 0.0065  0.0157  0.0308  0.0506
Composition (mass fraction)

H, 0.0263  0.02548  0.02478  0.02422
0> 0.05368  0.04693 0.0418  0.03804
H0 0.77993  0.79579  0.80881  0.81892
H 0.00463  0.00393  0.00343  0.00307
HO» 0.00013  0.00018  0.00022  0.00026
OH 0.1145  0.11027  0.10602 0.1023
(0] 0.02082 0.0174 0.0149  0.01314
H,0 0.00001  0.00002  0.00004  0.00005
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Figure 2. Thrust increment from no fuel condition.
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Figure 3. Friction and pressure force increments.
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Figure 4. Specific impulse increment.
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Figure 7. Contours of several physical values at on y-z planes at Pc=0.6MPa for Case C.
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Figure 8. Contours of several physical values at on y-z planes at Pc=5MPa for Case C.
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