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Study on Flows and Combustion Phenomena in Scramjet Engine
Used by A Small Scale High Enthalpy Shock Tunnel

Takakage ARAI, Jiro KASAHARA, Takashi KOKUBO and Koji MUKAI

(FERsfdH PRI3#E5A7H

Abstract

HWCEEH  FRI34 8 H31H)

To investigate the flow and combustion in a Scramjet engine model at about Mach 7 condition, a small high
enthalpy shock tunnel was used. A couple of wedge was set in the test section as a Scramjet engine intake
and combustion chamber model. The compression process used the oblique shock systems, which was
generated by vehicle edge (fore-body) and cowl, was observed. H, and/or C,H,-air mixture gas was injected
normally to supersonic cross flow in the combustion chamber. A self-emission from combustion gas was
observed by using a very high-speed video camera (18,000fps) with image intensifier. The wall static
pressure in the combustion chamber was also measured. It was clarified that the wall pressure increased when

the supersonic combustion occurred.

Keywords: Scramjet Engine, Supersonic Combustion, Shock Systems, High Enthalpy Shock Tunnel

1. #&

it

HREECREEFEAEOFEEBEOMENE
Ao TETWABH, DRETHORIFLY =y by
DUBROHERELRH L eEE R OFEHE
BEOBE-RESEDLN TS, LLAERND, X
IILT b VI EE TREEEITIIY, =
VUIRATDEKDO R IRE, JEME, LT

* BT AT A TSR
) MRS AT AT EHEW K¥kAE

77

REEBNTOBETHREBRELDRE, B, RE
% BELOMBEELH L THBY. ZRb0fEE,
DT DIZIY, REORITREZEBRLEZZHT
TOMENEFICEELRD. EWTEKRETIT,
B EA BT TRIT T A EAY O E RS
T51-%, HAESE 60mm O/ HHE AN B &
VENE —BEBEIRORE ST CEL. TORKRER,
EE 30km, v/~ 7T~8 OFRITIREEERBIL, L& H
FUREE TR 3MI/kg DU INE—BFEAETHIEIC
RO,

WA TIL, HREERL AN DarFa—T%
AW BE EIR B B T AR M T Cna®,




it

R, SR

KEF, AR,

M =7

1. High pressure reservoir

T. Nozzle
8. Piston

2. Double diaphragm tube
3. Compression tube

4. Shock tube

5. Test section
6. Dump tank
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10. Solenoid valve

9. Vacuum pump
11. Injection reservoir
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12. Schlieren optical system
13. Data-Acquisition system

Schematic diagram of experimental apparatus.
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Fig.2 Details of hypersonic intake model.
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(b) with sidewall

Fig.4 Flow visualization of intake model.
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Tablel 1 Experimental data and theoretical data.

M2 B 2 [deg] M3 Pc [kPa]
Exp. data 3.00 43.4 1.77 62
Theo. data 79
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Fig.5 Wall Static Pressure distribution (no injection case).

Fig.6 Flow visualization of intake model with sidewall (H, injection).
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Fig.7 Wall static pressure distribution for Hydrogen injection case.
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Fig.8 Self emission of ultraviolet ray at the case of Hydrogen injected into air supersonic cross flow.
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Fig.9 Wall static pressure distribution for Acetylene—air mixture injection case.
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Fig.10 Self emission of ultraviolet ray at the case of Acetylene-air mixture
injected into supersonic cross flow of air.
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