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Trial for Performance Improvement of Scramjet Engine
— Flow Separation and Fuel Equivalence Ratio Distribution
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ABSTRACT

Japan Aerospace Exploration Agency has been investigating scramjet engines in Kakuda Space Center using RamJet
Engine Test Facility and another facility. The engine tested at the flight condition of Mach 6 showed very steep fuel
distribution. The fuel injected from the vertical injector on the side wall stays near the side wall and the tap wall along the
engine. The steep fuel distribution is an obstacle for the engine performance completion. In order to solve the problem,
the authors are focusing on the cowl shock wave influence having on the fuel distribution. In this paper the authors
describe results of fuel distribution derived from combustion calculation to compare with the test result. Some
disagreement is found and considered to be caused by capturing flow separation in the calculation, though the separation
promotes fuel mixing and combustion. The mixing process is shown.
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Fig. 1 Outline of scramjet engine tested.(4) The engine is set
upside-down on the test bed.
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Fig. 2 Two types of struts. The 5/5H Strut (a) and the Boat-tail
Strut (b) are compared by means of CFD.
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Fig. 3 Calculated equivalence ratio ¢ distribution at the engine

exit in the combustion flow.

X 3a %X 4 Extd 2 &, SEHECIHERIIEZ TV
LW ZEIEE R D, EOTHHABRAE Y OMFEIZA T
TWDEY B CH D, FHRIED T Z OFEIRIS K&
LUV U WIIZIEY HL TV D, 29 AR DIVEOIRI
VRO TSGR NS THRE LT D, BHSSTRS T
& OBBEICE & Lic, HBERLE ORFE DRI HEHRICE
W TR % OWG 2 X 0 PREICEI T 20BN H B,

7. BEHOAOFANE L FHEEDENEFTHO
BB O TR & RO TIEO R EL 3
RENWZ EVTRIE b~ T, FHRCIEN &L 1.0 % ERID6E
SR E BED HTRRCEN CWA, BHINE S A B
A Cd b, DR —BOBERZFIIGIRD, ok

Equivalent ratio ¢ aes

{mm)

02 S

-100 -60 -20 20 60

xmin=0.08, MAX=1.131
Lines from 0.1 to 1.1, step=0.1

1
(mm)

5/5-Height Strut configuration

Fig. 4 Measured equivalence ratio ¢ distribution at the engine
exit” This is the test result of M6S43 and corresponds to Fig.3a.
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Fig.5 Velocity vector distributions on the top walls.
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Fig. 6 Separation regions in the internal flows in the both engine configurations. The separation region is a region where the velocity is

less than -0.1mv/s, and the color gives the pressure on separation region surfaces. The separations appear on the top walls.
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Fig. 7 Separation origins and temperature distributions. The separation region is enclosed with white line.

temperature.  High temperature begins at the separation origin.

FELTUIZHEOLDHMELE S 2D, FEBE, FHHAER
ZIIC LT HEN CIEZ bSO RE AEZ R LT
AV L

PLE& Y Rikifm LORBEDREEAEHE L T BEET
DHERCTE T,

WEIOFIAT, [ P U AE D 1 7 VB )
FIUZ IR <300 IZHBEDE T, 2 OFIEEDS T TIRERS |
TAFN, BEEEN, JE STV D & OBLE BRI
[ EOFBRRIAAETIRD | & U TERETT208, 20
1 B IS BB < & 9 RPN T LEE
L<BRBERD L DT D,

RV, B UVEEREE PRI X, ZOEREOA
5 & BN X 0 RIROIBEEN B L, RERE KL, R
BEXGRAVET D, ZOBBERIRITRE BN S BT
DT, JeOEEEROMEE K& L LY micEhE S
Do ZOZELIZKVFEENS IR SD, BLT, £D
HIBESICBREID B | A E AL, 18FR, SEBOMEE S
PREEDNEFRALT D LWV TBRERICAD | ZAUDSRBEAAERF
T2,

RO 8 |ZHIBEBHAARS AT OBRERY & A 2R T,

The color indicates the

FIFEBRAAANRTR D 2 W OIS B3 208 9
T LT, HEEREN 5 X AR TR D, LAT. MO
BEAT O,

8. FHEBHAASR L IRERY Btk

HEEDHL Z o 72 Z 212 X 0 KR 7e 5240
R L TWDO0, FHEREREZ FIWT RO TRI
BER DRIBOT ¥ RS B 2R L, IR X
DEBHNEDL I L TNDDONELT 5,

8—1 55mEANT v MERE

HBEIEI T O R D 1044mm DAE Th
Do ZZIIm D OBRBERIL GBI LA S TEAET
bb, KTBE, M, UK 8 TH LA 7T IFRRK
T D,

S alTHEEA 1044 mmDERTEZD 3>, 1976.4
mm, @10264mm. @10764mm. @11264mmiZIiF
DV MR G B A A T D, FIBERTO 25T
CIIEGFL 12 AR5 725 & OIREND )37 Ol [ ik
L= ERE T & 2, D976 AmmALIE Tl 12 ARDYAE;
PHERTE, @1026 4mmE Tl 12 AF 10 A E THH-

This document is provided by JAXA.



126

xxxxx

0000

|

@ 976.4mm from the top wall leading edge

Equivalence ratio
X028 4

Inm

0000

]

@ 1026.4mm from the top wall leading edge

Equivalence ratio
X 10784

Inm

0000

]

@ 1076.4mm from the top wall leading edge

Cowl

L=
Iz _:.:.:__ AN, ‘_ A=

Topwall

Cowl

Topwall

Cowl

Topwall

FHIZEWT T BB R B E B JAXA-SP-20-008

xxxxx

0000

]

Equivalence ratio
PR

Inm

0000

xxxxx

0000

]

Cowl

Topwall

@ 876.4mm from the top wall leading edge

Cowl

Topwall

Cowl

Topwall

@ 976.4mm from the top wall leading edge

=iV Cowl =V Cowl
Topwall Topwall
@ 1126.4mm from the top wall leading edge @ 1026.4mm from the top wall leading edge
a) 5/5-Height strut configuration - the separation b) Boat-tail strut configuration - the separation
point is 1044mm from the top wall leading edge. point is 933mm from the top wall leading edge.

Fig.8 Equivalence ratio distributions before and behind the separation points.  Note that the top is the cowl in each figure.
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