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Investigation of Mixing Mechanism in A Scramjet Combustor Using Combined PIV-LIF Mea
surement System
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Scramjet engine is one of the promising candidates as a propulsion system for hype
rsonic flight vehicles and space planes. We developed a combined stereoscopic Particle Image Velocimetry (
PIV) and acetone Planar Laser Induced Fluoresce (PLIF% measurement system, to evaluate turbulent eddy diff
usion flux in the combustor, which physically means the averaged transport due to turbulent fluctuations.
We applied this measurement system to a transverse jet in a Mach 2 supersonic flow with/without pseudo sho
ck wave, simulating the scramjet combustor. The system successfully measured the eddy flux in the flowfiel
d. These quantitative data provided insight into the fundamental physics of the supersonic mixing.



# X C—19, F—19, z2—19 (@)

1. RSSO R

TAU OB FHEICRFESIND LI
BIFE, EWNS CEEERERCAN—2T
—VHAOHERE L L TA I T ALY =y b
DWFFEPITONTWD, ZDOx v P IEF
DYy bV X V@EMNITE N v
Bk CIEE) L, BRBERRN OJiE TS 2 E
LR D . FOIOMES LB O MTER I
D TS, BELOGEE 2 IRA B AR TH
L., ZOXEIBREAENS U OEE -
BEDm FIZIE, =P NS T A OEL
TRAG AN = ALEMRPL, = YU #EO
OO ER T EEET L ENERE
s,

INETRI T AT =y MBI A8E

OIREFHEIL, TARBUICE VT TET

ZDFIETIEE, HAGWIZLE R T A ZHREL
T DD ORI 23 5. ZiudlEE
WAVZBIT 2RERE L v ba@Eick <, &t
WS N EIXRRESE E 725, 20X o7
B, BlxIXe<dBE L TnengEs & sket
DA HIZHREUEICREI SN T, BAET AN
R E ST, ZOEWERXRIT S
Z LR W, FDm, ZTHBHBEFEDS
BICEDL L RN OBHRHE) 1ICES3 < BARE
FIEDOBRFE N KD LTV,

2. RO HB

ARKHFGETIL, BRBFOERES 2560 5k
F W B W o W F 9% (Particle Image
Velocimetry: PIV) CBREFDEER 25 O
A L — ¥ 6 15 (Laser Induced
Florence: LIF) Z#lAA R 77T AT A
EREEE L, WES T ADFHE T 2 By o AR
B L REAE A EEICET S, LT, 2
O OEBEN S IMILBT R ZFHm L, "ER
BREDTHFET NVEMET D LIS, EHE -
REEBOFEEZH5 2 LT, BEEHR
NRAZ T ATV =y MRNIZA G5 ELUE#
BENFIET D X5 RIS T 2 E iR
BDA =X LOfAZHE L.

3. WO ik

AWFETIL, 27Ty FNOBRRE
DL « REGZIESWZE IR S O %%
TNEREE, £ OMBEENGIRE A
B = RALERAT 5720, UTFIORTIERT
W & dE D 7=
(1) PIV-LIF [AIRFFHAIS A 7 A OHEHE

A2F LA PIV &7k F LIF 206D
7R« R ORIBEEHA S AT L &
U
(2) EBRZ L BT —XEE

R LRIV AT L%, BEHEKFT O
TEEMEFICE A L, BRREEE - PR A G
L. F&fFEE LCEER~ v 2.0 THEKY

AN 2R (PRAL K SRIREL L T 2 ) o~ U 7
I OKFRREMERE T ) BT 5. F7-FE%
B 2B W TS R e & Bt L 7= i
B L, T OWRNBIIBITHLERT —HZ D
P& 6179 .
(3) LES BHH & o ki
EREFESMFIZTT—Y 2T 4 - 3
2 L—3 3 (Large Eddy Simulation: LES)
HEAITO. BOIT-EERE A ERE &
L, WE - EEROEYE, Mo x
NERVLA VRIS & o T2 LR R R
DHEEITY . FHTTMEICBWTKbLE
FAMIABGRRICE L Ch 2175, Zh
LOIREEB LT, ERMEREMTT D &0t
2, FHRAEROZ YA REET 5.

4. MR
(1) PIV-LIF [RIREEHIIEEE 0BRSS

AW A B EH C PIV- LIF [AIREEHH
ATV, L) 3 plsy & IR E LB ORI F
WAEAT 5. Z ORREFHANE i C i
HSEEN S - 7o, BEE I TIE% PV,
LIF R ERCHEEL <, RIFFHIXTD
NI ERB . RIFE T ET b o r]
BRI T B RFFFHIEE O 21T o712, K 1
\ZHENT LT- EBEE oM R, M2 Ic5EY
IRT.AREFE CIE, SE OFHANZ A T LA PIV
ZEAL, WEHREEOFHIIZIEZT ' F> LIF
EBA L. BOOMZEETECIXLIF b L—
PIZPIVICHER+ 2 7 — o L —F TRl Al
BE7e NO, 2T 25 FETH - 728, HE%
KRN EEZFNITESI DA A= - 4
TV T ATHEHOBEMIEBTHTD,
fo—HZ2T7E® &Lz, TR,
PIVH® FL—Whi1-& LIF HOTE® F %
W HRMCE DY —FT 4 JHEEOR¥E
To7-.

delay/pulse gener:

......... =i 7
O O
R I | [o]o
Ol O PLIF cam > . 9_“. 2
=| |= - 1
pc| |pPc | | double pulse
— Nd:YAG laser
PIV cam1 { ? >\\ PIV cam2
.
- = ]
— =| [ To vacuum
.
plano-convex lens
(F250)
cylindrical lens
(F-30)
532 nm
266 nm
e mist glenerator ul s
air cylinder air/acetone mixer prism prism

1 REREE OB EX



fuFEmE

~

(2) IRPEEC R O FHH

WEEE LS D VT R & YR s & A5 )
BERHL, MEOMEE->TT U7
W EATH T L CiiEB R A F I L (K
3). KX VmyEB L, mhasm e &S
FmE bEK AL O ETIHEFICEWEE
Lo TWBZ ENGhot-. ZhEFII AL
JUTE BRI SR I B T D ME I R B AR i D
BHICED2bDTHS. x/D > 4 THildLHk
TR OMEOME L, EHERR TGO Z &
EMEMICE L TH B, EikIMzICBIT5 2
O fEIE O KBUEAEE OBIRIZ L D b
DTHD.

% 61 a) c'uleyvy 1 0.02
=

= 0.01
S 4}

8 0.00
£

E 5l

g 2 0.01
5 r 002
S .,

= 0—=% 3 3 6 & 10

distance from injector: x/D

61 b) c'viegvy lo.oz
) | W 001
= >

s
=
S
S 4
E 0.00
c
E 2 0.01
5 0,02
2o

0 2 4 6 8 10
distance from injector: x/D

B3~ 2 EEERETIOEN S mEE

VELJE O VRYL B, a) WAL MAST. b)

S AT .

(3) MEH T A FE D
IRALIK B IRIERL B T A CTH D ZEXME S O
FBRITINZ T, KEBREEET A TH L~
U LEWES LT ERE T, ZOREEX
4ITRT. Y U AR TIXZEOFENEL,
MR B SR O PRI T RS DAE DS, 22 50E
FEREIEIT D ENDIoTe.
(4) BRCUER I RIS fE 5 21b
TaTNVE—RK RTT LYy M,

~ cu/covy
oo

T

b) helium injection

T 2ld
a) air injection

B 4 WEH T AT OIS XS D R
(N TMRLSY) a) ZEXMES, b) ~U 7 A
WESF

PRBENE T D &, ZAUTLEVWRBERRN D JE
NEML, FEERENEL D, AR T
ZOHEUIE B A AR L, A PD 22 b
n—L4T57un—7F7 7% L, FhieRk
BREBIC U, FERRBEDRER T b RBE 2 Bl T
EAHARBREBEABEE L. FLTCZDOT7ar—
TS T e ARREREE ZE A L, PIV-LIF [
HMEITo 2. FOREEK 4R,
HELLET R NS LIS S D &,
TRV OB B 70 E FE A B - R RSB ASHEN
L, iBJEECRAROMIL, BROEER 23720
BLIERTIHEFICREL LD, LLLENRDS,
Z DO DAL T O EVER 20k 71X, BRDUE
BNOFEIZL D EDLRNZ ERGho

—.

= = = Mole concentration 50% == Mole concentration 1

y/D
R S
LRAAAL Anns LARs LAL) LALS L MR

uuuuuu

y/D
R -
LAAAAL AR AARS LAARS LAAMS LARAN AARAN)
L8] o A
& \
\
r 1
& \
A Jz))
L ! 4
| 4
§°8

0
zlD
(b) With PSW

X 4 BRSPS L7256 O YEHRL
TR (AN HFRRSY) . a) BEET, b)
BB BRI ST S Uiz ifiiL.

(5) LES & kb

HiR O EERIZN %, FEBR & [FSMC LES
ZATV, EEREROZY EICBE L CRE &21T
S, eIz REERT. KLY, 6k
[ =5 o[RS VOl 18 @i S e < [ e - e
EMEMICELS &L TRY, #B, KHEsHE
MG R DU ENRH LN E 7o 7.
6) IRAEET IV
PEDOXHIZELNTZBILEEIR RN S 27
T AV MREESGNOIRE T T /LIZON
TR 21T o772, X T IXIEER R~ 2 by
EFUEVRIREESAAN O FIcERTRT. KX
O BTEBR AN N VTR EE O B DMK
WHAENWTE D, I E AL OREE T
FICHEZLTWD Z LR NnD. E-ksp



NBIRANEE, EARENZ LD, ER
T —2 X EEEIRAEOKE S 08T
BRI T VNN T D Z E N B e
ol

EXP LES

a) Tue; a)cuey; 0.02

6

~

N

height from injector wall: y/D

o

0 2 4 6 g 1
distance from injector: x/D

®

b) Ve, 002

=~

N

height from injector wall: y/D

o

0 2 4 6 8 1

3
distance from injector: /D distance from injector: XD

X 6 ZZBRE LES Ok, a) Bk, b) LES.
log(c/c,)

S 6f n°

=

2

S 4r

3 A

§ 2|

5

20 5 )

8 10

distance from injector: /D

T WEEE T AJEREE FIHE DT R
Fb. (W H 2 225

5. TR ILE
(WFFERERE . WHFE A M ONEHERT FEA |
ES )

UdEsSamse) (BHo )

(@D T. Kouchi, S. Yanase, Y. Oka, and G.
Masuya, Combined Stereo-PIV and PLIF
Measurements of A Transverse Jet in A Mach
2 Supersonic Flow, APISAT2013 06-04-1,
2013. A HE

@ T.Kouchi, G. Masuya, K. Hirano, A. Matsuo,

-ersonic Crossflow with Different Injectant S
pecies, AIAA Journal, 50 (12), 2765-2778
(2012). [DOI: 10.2514/1.J051550] A&t

(FaxEk] (10 1#R)
@D T. Kouchi, S. Yanase, Y. Oka, and G.

Masuya, Combined Stereo-PIV and PLIF
Measurements of A Transverse Jet in A Mach
2 Supersonic Flow, The 2013 Asian-Pacific
International Symposium on Aerospace
Technology, Takamatsu, Nov. 2013.
PINPRFE, PIMER —BR, [ B g, A48 TRR,
G IR S\ F8 1T 2 SLI BE H o0 REAR D
728> @ PIV-LIF [FAIFFFHA, HAT, 2013 4 7
A.

PINPRFE, BIMER —ER, [ B g, 48 HRR,
FEEEE 5512351 F % PIV-PLIF [RIRFEHH
(2K DR RR OB, B, 2013 47
A.

i pE B, AVRIR, thUF R, INREE, Tt
AHER, PIV & PLIF [RFEHANC X 2%
T TS U 72 S o0 EL UL Bt SRR
fili, filive,2013 423 A.

T. Kouchi, and G. Masuya, Quantification of
Convection Velocity and Dominant Scale of
Large-scale Structures by High-speed Schlier
-en Imaging, 49" AIAA/ASME/SAE/ASEE
Joint Propulsion Conference & Exhibit, USA,
July 2012.

S. Lee, J. Watanabe, T. Kouchi, K. Takita,
and G. Masuya, Large-Eddy Simulation of
Pseudo-shock Wave in a Square Duct, 18™
AIAA/3AF International Space Planes and
Hypersonic Systems and Technologies
conference, France, Sept. 2012.

(XF) GFofth)

(P 26 M PEAE )
ORI (G0 1)

and S. Tomioka, Supersonic Combustion
Using a Stinger-Shaped Fuel Injector,
Journal of Propulsion and Power, 29 (3),
639-647 (2013). [DOI: 10.2514/1.B34524]
i

J. Watanabe, T. Kouchi, K. Takita and G.
Masuya, Characteristics of Hydrogen Jets in
Supersonic Crossflow: A Large-Eddy Simulat
-ion Study, Journal of Propulsion and Power,
in press 29 (3), 661-674 (2013). [DOI:
10.2514/1.B34521] #&#HA

S. Uramoto, T. Kouchi, and G. Masuya,
Turbulent Structure of Supersonic Flowfield
with Transverse Injection, Journal of Fluid
Science and Technology, 7T (2), 231-241
(2012). [DOI: 10.1299/jfst.7.231] EHH

J. Watanabe, T. Kouchi, K. Takita and G.
Masuya, Large-Eddy Simulation of Jet in Sup

L
FUE
MEFE
FHIE -

HT
HEEFEA A -
ENA DRI

OBAHIRIL (G0 1)

L
FUE
MEFE
FHIE -

HT
BSFA A -
ENA DRI

(D)



A Bt

6. MFSTHHAR

() W7 FRH

TN 27 (KOUCHI TOSHINORI)
[ 1L K5« B SRR AR IER) - HEHGR
WFoeE &5 40415922

(2) WFgEsr 3

F+4A  FBES (Masuya Goro)

WAL KT - REEPE L se ) - B
WHZEFE R 5 © 20271869

e #f— (TAKITA KENICHI)
WAL KR « KRR LR - R
oeEHE S © 80282101

(3) HEEFFT

B w©% (TOMIOKA SADATAKE)

PRNEAT BOE N T H MU ZE A 98 B s A A - /4 |
FiEEUH— RS TV — 4
WFgeE &5 . 50358553




