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Strut Tail Shape and Fluid Residence Time in a Scramjet Engine
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ABSTRACT
Japan Aerospace Exploration Agency (JAXA) has been investigating scramjet engines in Kakuda Space Center using Ram Jet Engine Test
Facility (RJTF) et al. The engine tested at the flight condition of Mach 6 in RJTF showed very important characteristics depending on
internal geometry. The authors found in the result of CFD research that a “hot triangle” is caused by 3-dimensional interaction of the cowl
shock wave and the strut shock wave and that the hot triangle contributes to intensive combustion transition. Based on this hot triangle, an
engine configuration with boat-tail strut is compared to that with 5/5 height strut that showed good thrust performance in the engine test.
CFD is carried out to solve the inner air flow, and the residence time distribution behind the strut is made clear. It is found that the

configuration with boat-tail strut can produce the outstanding residence time, improve the fuel distribution in the engine cross section and

be worth being calculated in full-detail CFD.
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Figure 1. Outline of scramjet engine tested.®)  The

engine is set upside-down on the test bed.
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(a) 5/5H Strut configuration
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(b) Boat-tail Strut configuration

Figure 2. Two types of struts. The 5/5H Strut configuration (left) and the Boat-tail Strut (right) are compared by means

of CFD.
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Figure 3. Engine model and computational grids.
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Figure 4. Pressure distribution along the side wall at the
half height.
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Figure 5. Pressure distribution along the top wall.
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(a) 5/5H Strut configuration
Figure 6. Fluid Residence time behind the strut.
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(b) Boat-tail Strut configuration

The outstanding residence time appears in the Boat-tail Strut
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(a) 5/5H Strut configuration

Figure 7. Strut base flows.

Side Wall

(b) Boat-tail Strut configuration

A longer recirculation region appears in Boat-tail Strut configuration.
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(a) 5/5H Strut configuration

(b) Boat-tail Strut configuration

Figure 8. CFD schlieren. The cowl shock wave is clearly seen in 5/5H Strut configuration (above left) and

Boat-tail Strut configuration (above right) as well.
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(a) 5/5H Strut configuration

Figure 9. Stream lines along the tail edge of strut.

(b) Boat-tail Strut configuration

The stream lines are going up to the cowl side in 5/5H Strut

configuration (left) and in Boat-tail Strut configuration (right).

(a) 5/5H Strut configuration
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(b) Boat-tail Strut configuration

Figure 10. Flow paths of stream lines coming through the points equally distributed in the exit cross section.

Flow distortion is small in Boat-tail Strut configuration.
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