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ABSTRACT

In this study, numerical calculation was conducted for the analysis of the JAXA rocket-ramjet combined cycle engine called E3, which was
examined in the Ramjet Engine Test Facility (RJTF) to obtain data necessary for the engine design, under Mach 6 flight conditions. The
objectives of this study are to describe flow structures inside the engine in detail and to reveal the basic working characteristics. The
calculated wall pressure distributions agreed with the RJTF data, if the injected fuel flow rate was increased from the RJTF test condition.
Therefore it was confirmed that the numerical calculation well duplicated the complicated flow physics inside the engine at least
qualitatively. The calculation results revealed the details of the flow structures and the mixing and combustion mechanisms as follows.
With fuel injection in the combustor at a total equivalence ratio of 1 including the rocket fuel, heat release due to combustion created large
subsonic regions over the engine height close to the wall, while the core flow remained supersonic so that thermal choking was not
achieved yet in this condition one-dimensionally. In addition, a shock train was formed in the core flow and was emanated from the
position where a separation with a large recirculation zone occurred on the cowl wall. The fuel existed within the subsonic regions covered
over each the wall, and as going downstream of the combustor, it concentrated at the connecting corner between the side and cowl walls.
On the other hand, the supersonic air flow from the inlet was oriented toward the top wall side, resulting in forming of unburned fuel at the
corner of the side and cowl walls. Then, the ignition and combustion of the injected fuel was more likely to occur around sonic lines where
mixing layers were formed between the fuel and air flows. As for the engine performance, thrust augmentation due to the air-breathing
combustion was almost comparable to the rocket thrust in this condition. In addition, it was found that the formation of the shock train
increased the mixing and combustion efficiencies for the rocket flow, having a large impact on the thrust increase.
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Figure 1. Schematic view of the E3 engine.
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Table 1. Mach 6 conditions at RITF.

Mach number 53
Velocity (m/s) 1765
Static pressure (kPa) 53
Static temperature (K) 275
Density (kg/m’) 0.0699
Stag. pressure (MPa) 4.78
Stag. temperature (K) 1655

Table 2. Rocket throat conditions.

Mach number 1.0
Velocity (m/s) 1585
Static pressure (kPa) 330.6
Static temperature (K) 2965
Density (kg/m’) 0.1497
H, mass fraction 0.0681
0, mass fraction 0.0029
H,0 mass fraction 0.8850
H mass fraction 0.0043
HO; mass fraction 0.0000
OH mass fraction 0.0372
O mass fraction 0.0025
H,0, mass fraction 0.0000
N, mass fraction 0.0000
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Figure 2. Wall pressure distributions along center line on top and
cowl walls obtained from numerical calculation and RITF for
several cases.
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Figure 3. Contours of Mach Numbers.
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Figure 6. Contours of mass fraction of H, on y-z planes.
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