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Consideration on Defining Strut Tail Shape in a Scramjet Engine

by
Shigeru Sato (JAXA Kakuda), Takahiro Watanabe (Hitachi East Japan), Masaaki Fukui (Space Service)
and Toshihiko Munakata (Hitachi East Japan)

ABSTRACT
Japan Aerospace Exploration Agency (JAXA) has been investigating scramjet engines in Kakuda Space Center using Ram Jet
Engine Test Facility (RJTF) et al.

important characteristics depending on internal geometry. The authors found in the result of CFD research that there was a hot

The engine performance tested at the flight condition of Mach 6 in RJTF showed very

area caused by 3-dimensional interaction of the shock wave from cowl leading edge and the shock wave from strut leading edge
and that the area “hot triangle” contributes to intensive combustion transition. Two engine configurations are compared to the
engine configuration with 5/5 height strut that showed good thrust performance in the engine test. One is a configuration with
tail-tapered strut (5/5 height) that are intended to reduce the engine inflow drag first, and the other one is a configuration with
boat-tail strut (5/5 height) that has a finite width at its tail edge to produce fuel residence time in the recirculation region after

itself. CFD is carried out in the case of the two configurations to solve the inner air flow, and the drag and the residence time

are made clear.

residence time in the recirculation region.
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Fig.1 Scramjet engine configuration for experiment and
CFD and horizontal cut of the strut.
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Fig.2 Engine model and computational grids.
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height strut in bird’s eye view.
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Fig.4 Residence time in the engine with 5/5-height strut.

Fig.6 The hot triangle in the configuration with
4. LRERIK tapered-tail strut in bird’s eye view.
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Fig.7 Residence time in the engine with tapered-tail strut
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horizontal cut of the strut.
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Table I Comparison of drags between the proposed
configurations with struts; 5/5 Height(M6S43), Tapered
Tail and Boat Tail.

5/5H Strut (Mesa3)| /%N T;pri;e” Tail | 5 /51 Boat Tail strut
Pressure | Fraction | Pressure | Fraction | Pressure | Fraction
Drag[N] | Drag[M] | Drag[N] | Drag[N] | Drag[N] | DraglN]
Inlet —457.57 -117.35 —460.32 —-117.24| -460.28 -113.88
Step 48.67 -0.02 47.36 -0.02 47.24 —0.02
Strut —-324.31 -15.98 -162.64 -16.82 —201.7 -13.31
Combuster
Extenstion 42023 -130.22 3535 -129.52 365.32 -128.33
and Nozzle
Outside of
Side Wall 541 6.38 54.74 6.34 54.73 6.35
Outside of |, 59 -1.09| -25.04 -1.04| -2499 -1.06
Cowl
Sub Total —391.71 —271.04 —301.88 —270.98| —-329.14 —262.95
Total -662.74 -572.86 -592.09
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Fig.8 Engine configuration with boat-tail strut and

horizontal cut of the strut.
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Fig.9 The hot triangle in the configuration with boat - tail

strut in bird’s eye view.

Fig.10 Residence time in the engine with boat-tail strut
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Fig.11 Residence time behind the boat-tail strut.
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Fig.12 Residence time behind the 5/5-height strut.
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