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A Trial for Scramjet Engine Performance Improvement
- Improvement for Fuel Equivalence Ratio Distribution

SATO Shigeru (Kakuda Space Centter, Japan Aerospace Exploration Agency), FUKUI Masaaki (Space Service)
MUNAKATA Toshihiko, WATANABE Takahiro and TAKAHASHI Masaharu (Hitachi Solutions East Japan)

ABSTRACT
Japan Aerospace Exploration Agency has been investigating scramjet engines in Kakuda Space Center using RamJet Engine
Test Facility et al. 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 the
influence of cowl shock wave and strut shock wave on the engine flow field to search the engine flow field detail by using
CFD. In this paper the authors describe results of consideration on the cause of fuel distribution difference between the

calculation and the engine test.
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b) Boat-tail Strut configuration

Fig. 3 Calculated equivalence ratio ¢ distribution at the

engine exit in the combustion flow.

WA SIIEAITIE A TV A E NS T EIFEZ S,
TR O OmBEIZAE C T 5 Y & IbiE
WThD, HEMEOFNZ OEBENRRKEL =W

FIZHED H LTV, T 9 72 DAL ORISR T
ILSCERCIZ T LTV A, RIS W TR S #%
DOFNSEE L0 HEICHRT D2 0ER S H, FHEIC)
WTITIRAG N ED X IR A 6TV D0 7 #il
TR T,

Equivalent ratio ¢ ,cq

(mm)

200
T
X

100
T

ol

-100 -60 -20 20 60 100
) {mm)
xmin=0.08, MAX=1.131

Lines from 0.1 1o 1.1, step=0.1
Fig.4 Measured equivalence ratio ¢ distribution at the
engine exit.¥

6 —2 PRBEZhRSA

PRBERN R 547 D 3 FfE R T BRI SRS 3 72 T 5 0239,
. BiRER O CFD IZ T/ LN TWDRESHE L, 5/5
BEANT Y NERETTISN, R— b T A AR T v
MERET 825N TH D %EDHFNRERMEZE TR L TE
D, LB A HIRE ST D, RIS, SISES AT
N RE D [R5 45t D FBRAE B Tl 1052N TH Y @ CFD
M3/ NI £ > T D,

7. HEICTIRZ LN TV SRNE
IRBESRIEDE N AIFBEICREER A~ THY, =
VIBRIEAD 55 mEANT v MEREIZE W TR
—FH L TW\5eY,

7—1 YEWEOSMOR—E

WHERE CIT o 7o v ¥ B A R OIZ B LTI R
il I KRB HBEL OIFEN S DIV TW D, Z O
1O Bt IR HT b s 0T, fRldEERE O
FAEFEERD, ZOT U URREORNE L IX. £
HIBE ORI 2 AR LN TH Y . 2 ofing
W%t LT CFD DfE2MER—E L T\ 5 DT, CFD 33|
BEIABRDOFRNIG E K TR A TND E R TR,
B, FEEEOT T NERBEE C O KA i E oI
IREEOHIBITH R TV, BREET TOEEOHE
IIREECTH D,

This document is provided by JAXA.



55 51 IR Al /5 37 [z

RLIRNG, 20 5/5 mSA N7y MEfEDO=Z Y
NZBWTIEK 3 RO 4 TR LTZE Y CFDNC Y &
oA OAR— & TR H 5,

B4 51 Y w oy A —EE P B D i O ER &
AT, WA O KR E D O FTICE Y & ER 2 B Y
HT DI TS EIER A 2 O ERE- T2 TH D, =
OBEBXIC LD &, WA HEEIC 12 KT OB
WA ST BREHT, A N Ty MRS TRV
AR LTV D D, BRI EIC =D & Y
BILORY NENEE D,

7—2 HESHA-BUIEET DM

JRBESH RO T B LE S AR O R EF 0 (2B
AR > TIT < DITIEX R EOHEER OB S LT
WD DTERNDE ORI > TULFRF 21T 9.

K6z 55 mEA Ty MERBREKOAR— T A LB
AN Ty MERRIZNT 2 KRE ED~R7 VR % R
T, EHLOBRBICH KPR TE D, ZORIC
L2 & 55 mS A NT v MERETIXRBEREI A K < 4
WA, —FHOR— " TANEANT >~ MERETITHL
EWERTR R D,

ZIT, MR Bz EFET Db 05 R4 ~<
IR D=7 R VERX & R 7= 0835 < O Hskd™, &
DACTHBER AL &2 Uiz, K 7I2Rd, E3d
TV TTIRRIKTH B,

BN 7 DR A LD & BIBRE S Lo T CTRABERS
PEREBD L3 7T v & T2 & R OBl TR T
W5, Y BRSNS N TSR — T
ANFEARNT v NMEEDOF THiEEROBERABN
TVWDHR, REILBZIFNEIRICHZ D,

T2, ZORHLIETRICER R R RE Lo b o %
) L 247 5,

B 8 (2 KA 31T B VAR Al LK 2 7R, 2
DI BIZLD &, EHLOIREIC LR X IROHEEN
BNTRY, o7 MUK EEREED L, X7
MVEREINC 31T 2 Wik & 75 69 5,

ZOFENGT D L IR E il & fEiE b W
EREE L7 Th D ATREMEN G D, RN & BRI
RRT DHENE B,

R FA AT 2 FIBESEIR AN FRAV T AN IRIA T 5
FREL 2 B E AL Gy OB EN e, 2 ORI EfEE
ORI, BT OIR S FERZ O T ORRERY &b
DHiEEA L TCWD RS D EEZBND, HHE
TIHINEZEBELIVLREDIEZ D b Y
VIRBRAER E ORI BN ET DO TIX RV EE
ZTW5D, BB RE 1.0 2 LE D EAEVIES,
BEIDRRBROFEFHN SN D3 E L2, = YUk
BRI VIRV EN 2R 2 EC D, FICHF 2
oY AN

EN ZHE & b R B 22 BT MR oot A P

S =2 —a Hifi ROy LGs 103

D OFHZ—ET T8N T\, FAEREXIET D
HOPHEINIR,

BAID RASET DY B AT HIBED LA B 5
L E DI, FHBED T D KT 7 1) O HUAR S 5 2
LCWDAEREMENRH D, MIROEN DA E BB E 2 H
RO EAT O MEPNA D,

8. #Kbvic

RBEM B AOT VURELRBERRET D
SHE L AT T, R A IR D> © FEELICIE S 5 S04
DIRBEF A AT > T D, FHEITHWTERERY &5y
HED A —HEEZTEREZE -, Bk T
Z DO HBELOHIEDOHE 2 J7 BRI 72 > 1= /T REVEN
% ERTWD, TiaLEs O S 2 RO DO UAR F2 R 2 e
Db,

WEE

FHRICEI L Cidv N EAENITEHR B OB 5% 245,
X Fluent OFFEANZER L CTIIARF EENTERFE B OIE
ATz, MR 2 {0 BIEEHR L B 5,

BERR

(1)Rondeau, C., and Jorris, T., 44th International/SETP
Southwest Flight Test Symposium, 2013.

(2)Warwick, G., Aviation Week & Technology, September,
12-25, 2016.

(3)RITF &% 7 /L —7" NAL TR-1347, 1998 42 H, #it
22 BART BT TR AT &

(AVEilieft, RAMIZETH AR CE, 47 (1999).

(5)Kobayashi, K., et.al., J. Propul. Power, 20 (2004) .

(6)/IMRTEML,  AAMIZE T H 2w SCRE, 51 (2003).

(D)=, W22 T2 ALE SRS 1999 ARk =,
R ILAE3 B (iiA).

(8) “ A farfth, 2538 [EIASES VAR T A, R 12 4F 11
H (f&hd) .

(O)FE FE—, T HI AL 220 FE B S MR 2R 17 4R FZ BRI
g ES, PR 1THE12A7A.

(10) VA, 55 38 (Rl 2 I Eha - 5= di HEE e =,
TR0 T A (iA).

(DI A-JaUBEREfl, B AHTZE T 2 L SR 1999 42
S, PR3 A (IA).

(12)/N=F IR, UZE I Eha - TR T =, TRk 10
F1H (ia).

(13)Ueda, S., et.al., A., ATAA Paper 2006-1027, 2006.

(14)Kanda,T., et.al., J. Propul. Power, 13, 4 (1997) .

(15N FIEBU, L2 HEE S I = b—3a Ul e
AT T L (FA7)2001 7w SCEE, NAL SP-53, 2001 4,
L AT T

(16)Peiifrsetts, HAMLZE T 2R AL 2011 45T

This document is provided by JAXA.



104 FHMZETFIE M SE R I JAXA-SP-19-007

&, PR 2343 H (lE). Sab—va UEIFY URY T A 2011 (RFEH)

(17)VErsefts, SRk 25 FFEEMET S o o N O 0 Ak TR X, JAXA-SP-11-015, 2012 4E, FHEMZEHF5ER
SCAE, Rk 26 4R 3 A (AT FEREAE.

(I8P, 55 46 [IVEIAR ) FamisE /4 32 M2 (28) Veersett, 27 45 (RIS S5kl 2 M 2s 5 i JUiE
HHEIEY 2 2 b—v g VEIFY VR T T A 2014034 I ab—a VERY R Y T A 20130 ) iR
AN SCEE, JAXA-SP-14-010, 2015 4F, FEHiALZ2mr SCHE, JAXA-SP-13-011, 2014 4F, FHifTZEmF5EE
ZE R AR TR

(19)Sato, S., et.al., AIAA Paper 2014-2144, 2014. QOWERR S, 55 48 [BIVRIA ) Famis /55 34 [IffiZe

(20)Sato, S., et.al., ATAA Paper 2010-7037, 2010. HEME S I = L—va VTS AR Y T A 2016(4

(21)Sato, S., et.al., AIAA Paper 2011-2314, 2011. PR CHE, JAXA-SP-16-007, 2016 4, FHEHIZEHT

(22)Sato, S., et.al., AIAA Paper 2012-5836, 2012. JE PR TR

(23)Sato, S., et.al., AIAA Paper 2013-3750, 2013. (30)Sato, S., et.al., AIAA Paper 2015-3598, 2015.

QEHERM, AL 26 FEFEEEEERY O R T T KB (31)Sato, S., et.al., AIAA Paper 2018-0889, 2018.

AR, P27 E3 H O (FER). (32)Sato, S., et.al., AIAA Paper 2019-0678, 2019.

(25) Ll . 57 H AT 2% BF 20 B 6 B A T 20 B 6 s (B3)eikrktt, 55 50 BT FRliE/4 36 BIfiZeT
RR-04-011,2005 4= 1 H HEMEY I 2 L—va VET R Y T A 2017(E

(O SAh, 55 42 [BIRIAR ) P T M Ze i iE WRP)emSCEE, 2017 47, SEHTMIZZRT 72 BH 56 B A .

R b—va s AR T A 20100k )i GaEfEEn, TRk 30 FERERM S R Y AR
£, JAXA-SP-10-012, 2011 4, FHifiZEHFIERI EE, ERL3LAE3 A (IR
A (35)Petersen, E.L. and Hanson, R.K., Journal of Propulsion
QM 5B 43 [ ) FiiE S M2 e o & Power, Vol. 15, No. 4, July—August 1999.
<Cowl>

SN
N—1
I\

==

|_A—4v_.“
J WV NARF S
AV —

q i |
| \l,L :“ J_; ; J |
XS e ( | ‘
N ‘{J‘l: A ‘]" | ‘\ ; ‘
<Top wall>
(Dfuel injection point @strut tail position (®mid. combustor expansion @entrance of nozzle
@ @ / Cowl @
Equivalence ratio 1 [
Engine Exit g qfk
| / \450
I 1.000 ~ .
/
Side Wall 143(100
N\ S
13 RS A -
8_1._._ - o T — f\‘ = U~ ;[
H o~ — ]
| 618.4 200 58| 640 330
_ Inlet Isolator 'L Combustor Extension Nozzle
= Combustor
2100
0.000

Fig.5 Equivalence ratio distribution in engine cross sections in the 5/5-height strut configuration.
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Fig.6 Velocity vector distributions on the top walls.

V cowl leading edge cowl

flow— A backward-facing step top wall

a) 5/5-Height Strut configuration

V cowl leading edge cowl

flow— A backward-facing step top wall

b) Boat-tail Strut configuration

Fig.7 Oil-flow like distributions on the side walls.
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Fig.8  Oil-flow like distributions on the top walls.
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