Rk 29 MEEFH S AR 7 A STCP-2017-030

BT U= ¥ ) AABRRY = v NSRRI RIT e

WO ME BT B O R oK B 2N B OFE XS
H B 5% 2Z%-:JuanC.Gonzélez Palencia™? - 7§ #& T —%2

TR RO LI B
2 BERRT: RS TAIT ARERa LR
e SR Ve e i

1. %% =

BT, FHATZETEB s (JAXA) 128\ T, Tim¥
— R MW (PCTY) o ¥ v a5 U 7 Wb 35 5 T 22 b
(HST) AWFEBIRETTH 5. KM 1ICPCTI =Py W13
BERS % 7”9, PCTI = Vi, BflED B~ » /5 TOKMT
FTCEHE DT DUV A I THERETLZERN Y
YTHD. WBEEEM A AR E LR 0d, &Y
BN E L, PEREEITE . T D7 s R O BRI
NREPEETH D, ABZETIE PCT] =2 YU ORREK
BT NNARE LT, BTy =7 ¥ ) X)VOTENG & R AT,

Variable External
throat ramp

After-
~ burner |

Hypersonic
intake

Hypersonic
nozzle

Precooler Core engine

El1 PCTJ =y ¥ Ml

R IR e b A 2R IR, R T D .
LasL, W R HE IR N 2 < oo, RO
INEWENRA RAFZ =R T 7 v /=R =y bV
~OFEMIHNETH S, Lord & 1%, BFHET VU
MNTDIXV s H ) AVEAEREZEL TS, IF
YV r X ) AL, V=7 AR AR R
VEBHHRMRICEA L, FKCe—7 8 2 592 CHlEEY)
—bEAITH. IMEREFIRIBICEATHZ LT, FH)
T A4 O B B MG R PO R, Zhic &
DHENIE T A2 2o, EIRERE 42T 5.

Oishi & 9%, BREEHE AT Y it f O g o 2 7 2 1517
IZBWTC, ¥V =7 ZOREEEB ROV TR
B EIT>TWA, =Py ) AVTRICRTZ K70
bV R LV INBER A EA LIEThRiE & IR G
T 52 LT, MEEEHEKRE CEEREAEITY. B,

KIFII= V=2 % R7T L, S5ICT9A4F =BT 0L
I RAMACERG T % Z & T, WEREE IS EICET 5. LES
EFTIC LD IX YRR ORI T I v 7 ABNE T A F
—BHENED N, 126 Ar—nxT oYU RERR LN
V1L A —)v ) ZVERBENFEfE S iz 9. Zhicky,
ViR SR i 18 EPNAB ({15 (sideline) ), # )48 9% LA
W RIT~ >3k 03) &V PEEE/RE I TWA. PCT)
TV DBETERET S RO WTIE, AAFFEE T 2
D157 010 2 Y MgS 1819 70 DORFTE T o TE .
AR TR Y =2 % 7 ZVBIRBSERS KR E T 5
B ONWTIRAD.

2. RBEER LUk

21 R A X 2 (R EE ) RV MR 2
YL ZVEEIMERNT, v, T U, RIBED DR
ENTWA. EE PCTI =P d )/ A Aa— b Efid
57U T E COBRBHHEN TS, PCTI =Y
YD AT RIEA T — MEEEZRRIT TN DD, ) AV
IMERITIE, /AN Aa— hOBREBIZEETHY, Ao
— MERIFBEREREOER (Ar— M) &leoTn5.
J XA a— FOSEFIBEW=20mm , / XL Aa— L5
S H=28mm Th5. FHUEEED FAILA UL T -k
THY, WA X, $hE FRE A y i, 230
Fz zdhE 35, 77 T x #hizxt L 6.2 deg Ofi
XEAT5.

BIWHE= Y =7 % ) AL (Ramp ejector) i/ METRIAENS
ot B X o, =Y L3 EEROT F L
ALVAVMIEY 2 KEESIZIALT A ATHD. EE
Tte 2 WHOREIZE Y FEROFTHA AR T =, 2 ki
DENZ LY EERELZERIES.

2T, UV URKENF IS B Em L R OHERFHE
UDFETH 2N 5.

F = mxU 1)

TV w ) 4RO BRI A T S5 b Y 12,

This document is provided by JAXA.



Rk 29 MEEFH S AR 7 A STCP-2017-030

Side wall <

=
o|
=t

/ A-A section

2 HEEE RGBT

side wal I
Ramp Fo

Spacer

SR

N
&
&

N
N/
2

]|
!§%

Y o) /

\\ /t'
N -
_— RS

A-A section <|

(a) Side view

(b) Front view

3 WY xr & AL (Ramp ejector) i/ IMEAUABEIE

y Area of
visualization

5.9 mm

at cowl exit

Extomal b

tamp, xIH

4 FEREEE S AVHREOE Y 2 ) — LB

Sidewalliwindow  Cowl

Wi/-shroud
Pl Te
4
30.48
2N
W/O-mixer Wi-mixer
5 RAMRET A 2

BREREmZEMSED 2 e TH D2 —EICHRT 5. S
B Lighthill OFEY o o— 30 FoOiR S IIPeSEE U
7 8 FlZ LLfil % @020,

I o« US )

ZIT, IIEDMITHD. =V 5D Lick
D HEXGRUDME T L, BRI 5.
Mool B ) ANVET T, A—H—, (B, 7B
TANLIRD . AFRTIE, BBEOLIIT/ A Ar— |
TWRO T TREFICT U — R KT 2%, 2205 2 Kif
FHlx oG ABA L. AV An—, J XL AnD
— M EWEOVERTZRIE, BB E I XU/ IMER L R C
Thd. FUoEMBECHENTRKEEZ 2 KAET 5. 2
KMOFH S, EWPROTL F LA AL ML &
AENDERKE 2 K& 35, A=Y —DFEEE
k&g Licky, SUT7DOMEEZTLESED Z ENT
BThsd. ZHIZEY 2 WO DEEMEA, =242 T, 2
KROEEREEZE(LIE D, EER AL Aa— NEiE

iz Ay, BEEZ v a VlERZA; & 5. 2O 3 D0
B DBIfR & LU TSR T
As= Awi + A2 (3)

Richard 5213, Wik fitL731.4 < (A3/Awmy) < 34058,
HEDFRIRDY 9 % LINTH Y, 2 RIEOE & &I WrmfE bt
A /AR E LR HICONTHINT 5 2 L &2/ LT 5.
% ZCAMZETIL, %ﬁﬁ%tt%AdAM]:l.O, 2.0, 3.0, 4.0,
6.0 & L7z, 7ok, WiEfitL3A3/Am=1.0 OHE, 7 A
FEIRIZHEAB S ) AN A/ MR & [ —12 72 5.

4 \HREE ) AVNEHOYE Y 2 ) — L AR
. A AB— N E@EE L2 EERIEANE T 7o
T, 727 T b REAS LT 5. W L7
FOBRESAL LTI THY, 7o 7AANREBIZR
W72l E AR S D, AFEETIE, ZOEREE
B A& R GIE R OB IRIRAEW 2 L L T & 7z,
ZORER, TR AWENICEERERERN S D Z &N
MR ENTW5. 7=, 727 AWE O 551 & 5%
RMMIZT D 2 ENBEERBIZZIRNTH D Z L 1L, wED
AV v MEFHZ X R EEIMCHHEIES T g 18 19,
AWFRETIE, / ANVAa— TR0 T v 7R HAGED
2 Wit EAL, EERERAET DL CHEAR DOEM
b Himde.

HS TIRARHET /N A AN AR 3. EMEE & 2 Rt
SERIIRA LRI AVINDEHT 52 ENEBTHD.
ﬁ%"f@/ BEIRET D702, 2 DOF S, R a ERICH:
Lz, 1203V o FHMCCRAE L 72 shroud (7S 40 mm,
M8 30mm, JES 1mm) THD. ZHIZLY 2 AVANR T
BB DOFFARKDT S b LA A MEHIL, T
OFEER RN 2 KFIZOHZ DI NDE L HICT 5.

This document is provided by JAXA.



Rk 29 MEEFH S AR 7 A STCP-2017-030

N
\II\_I'

e

6 HEEHHIALE NS

B9 1o1%, mixer T 5. mixer 1T MR/ RFEATLED
ZWRINT L7ZbDTH D, mixer & AWVRWEAE, T
W2 WA Z EARCM T L2 b 02T 5.
mixer IXRNLT v 7 AV 23 L—Z L LTHERTS. 2z
L0 EEGRE 2 RIROMICHERmA R AR LIREAMEET 5 Z
LiCEY, BREEB7 varEEficEsEEILND.

2.2 #EIF 6 (CE RGN, EARNS AR 3. RN
WX 18 A FvwA7m7 4+ (B&K,4138) 2 L 7.
F, M r7uarvrFxTarrsvary sy RENLE
WHRECHAT 2. ~A 7 a7 4 OFEEFHEDRRID,
Hohie T — & OEWEE ER%Z 140 kHz & L7z, BREEHRIER
BEF SN S 05 m TH D, LD OMAFE 0 ine % 7HHIA
FEL L, Oine = 90 ~ 150 deg D#iPH CREE FHAZIT 7=,
ERESIIv A /e 7 r ko THRBEN, 20T 4
a =777 (B&K, 2690) ([ZXkVHES LD, BIET
T UH )N F v a R a—7 (LeCroy, 64Xi-A), (TELEDYNE
LECROY, HDO4034) |2 54, AID i S Ltk S i b.
FOENFn R a—TF DY 7Y 7 JEEEE 500 kHz,
1 [ENZHR Y ATes — & £1% 1,000,000 S THB. T4 F Ak
O 0 W UJEWEE S 250 kHz £ THRENRT =2 L7 5.
L FET —ZICH L 8,192 Sl kicEE 7 — Y =%
# (FFT) %2175.

2.3 EBEM £ 1 CEMESMERT.  AVEARIE
NPR = 2.7 CTHEMOBERESIFIC IR S 72, (BB 2 1XIEM
BERTHD. K2R =7 ¥ ) ANEMERT.
712 mixer JEIRBERS % 7~

F 1 MR

Main jet total pressure  Po,ms 0.27 MPa(a)
Nozzle exit static pressure 0.10 MPa(a)
Nozzle pressure ratio NPR 2.7
Total temperature  Tom3 298 K
Working gas Air

#z2 R sz ) XVENE

Area ratio Mixing enhancement device

As/Av shroud mixer
W/ W/O

(a) (B=3.0, 1 =6.66)

(b) (B =4.5,1=10.0)

20,30 (c) (B=3.0,4=10.0)

4.0,6.0 w/ (d) (B=15,1=3.33)

(e) (B=3.0,4=3.33)

(f) (B=3.0,1=1.66)

(9) (B=3.0,1=20.0)

B : amplitude mm
2> wavelength mm

FRFNITAs/Ayy = 1.0, W/O-shroud, W/O-mixer @ 5:fF
&, As/Awy =2.0 ~ 6.0, W/-shroud, W/-mixer 0 5ef ¢ F5r %
{To7=. 4Bl A3/Ay; = 1.0, W/O-shroud, W/O-mixer @ Zeft:
BT BENNLDE L, REBROEAESM: L5
%. mixer FERIT 7 D D FNE R ORE B &
WREINERD. K20 ()~ @) FZENENRXTD (d)~ (9)
WG LTV 5.

(b) (c)

n
I
o
|
A=10.0
(o]
1
w
(=}
T
A=10.0

/—\
@
Z
A
—_
o
=

A
A

1.66

ey}
]
(]
o
t
20.0

o 4

1 t

by

P .

i VAW

A

A

7 mixer JEARAMENE

This document is provided by JAXA.




Rk 29 MEEFH S AR 7 A STCP-2017-030

3. EBRRBLUBE

3.1 FEHAKER X 81T Gt = 135 deg T SPL (Sound
pressure level) JEWE A2, RRlbIEE RS, Medhix
SPL CH 2. 7 T 7ITITHIESRM & A3/ Ayy = 2.0, W/-shroud,
W/-mixer (B = 4.5, 2= 10.0)DfE R &2~ 7. MMz THELA~Z
MVYDT 4T 4 THITH> TS, F AT MV KRE
FEELTEREE D DI AT DHRE, G AT MU/ IR
LRETHBEEZRLTNAD. F+G A7 FUEF A~
hLE GARY MVERLAEDLEZBDOT, ZhubidEE
AT MLl @ Z DR AALY MV EFHERER L 7
AT 4T THIET, EEFTENRET HEEOEFIRES
BRE & R EER T A v CTX 5. BRAY Mkt
BIse, E—=ZI3ETLTWS., ZudzV =7 Z 83
IZL Y EEFEOFRHSMET L, ILARABREN/NEL 2o
b ThHEEZLND. T, HEAXZ brovy—
T IEOT NN BRI 7 FLTWD. 2R
5, 2 WEANCHEWEERESHE K L 2 & TR
Kok E25. UEXY, =m0/ ¥R LT- L
ExBND. Az/Aw; = 2.0, W/-shroud, W/-mixer (B =4.5, . =
10.0)D G4 TI& 0 ~ 10 kHz £ THIELA X2 kv g SPL A3
ﬁkbfw5$\#%é.:nm%&%%&tw%ﬁ@¥

L - TEUEREMEER T THD. =¥ X
w%%wtﬁu,Zﬁ@mDME&m@#k kv, 707
BEH N EMEF BRI N D, T D=, FBRIE/AEEN
T VT REEIC LD WAIN SRS, BT R RS
X2, LoT, MEERE /L OTHIC X DE R
BEBR S N RAETHEZ 2L ONS.

B 9 (T BR AR A o 3. B X R B, fEih i A OASPL
Thd. HEpoTWerry ML 0LITHLTERLTWS.
FEHELMETO Y —2 OASPL 7> 5, TEFHHNC THRIS L7245
FETOE—2 OASPL DZEEZE ST b D THD. £l /'m
v hOEWTHELE AR L TRY, ErbimfEitl 2.0, 3.0,
40,60 KL TS, FLZOMOKIZEBNTH B Y I
ORICE Y, mfkERT LT, KLY @D
LT vy MTELDENRD Y BHAMER 22
AOASPL DfE % th~2% & mixer (B = 4.5, 1 = 10.0)DFZIKR D3,
BT ERBEN SN ENDbND. RLEEEREEN S VL
1% A3 /Ay =40 TH Y, AOASPL (£594dB TH 5.

X 10 |ZH AW _EEE X2 X D mixer DR ERT. AH
s T A WS EEE S, St XL R AR E R ETH D .
AW LR S &L, MR RIEATEER D D ERE RO
SFN T T TENEICN 2D ETORMTH D, TANE
FHESZHEATAHE LT, mixer DIRBEOHESICLY
EEROEHAER R DNETHD. EMHAENRRRD
HELELTXS :n‘é‘ mixer IZ2BWT, Ze—hL0D BT
IR T AN » THERENBLT A0 TH D, 2B,
@mwzeo@xﬁaﬁA,7/7%nﬁ#£@mﬁ%@

NN RY SYIEYAR

110} Ramp direction -

SPL dB

0 inlet=135deg
I ——W/O-shroud, W/O-mixer, AS/ W =
A=

100_ WI/-shroud, W/-mixer (B = 4.5 )A3/AMJ 20 |
s ——F-spectrum
r —F+G-spectrum
6 L L P TR | L L PR R |
Qo0 10" 10°
Frequency kHz

AOASPL dB

Reduction in turbulent mixing noise dB

4 8 SPL JE B

T T T T
' Ramp direction
0 _">;("""""""')'('A;/A;,U"'1'6'W76'sh%h&'\?\/76'rﬁfx'er
. v A
2F . A
i o
: @ v &
: A
! [}
4+ g . v .
: a v 4
H ° L
: a M
6 v A
'
H © O v A W/O-mixer 1
! ©® B Vv A mixer (B=3.0,\ =6.66)
! © B v A mixer (B=4.5 A =10.0)
8+ © B V A mixer (B=3.0, A =10.0)]
| © B v A mixer (B=15 A =3.33)
' 0 O v A mixer (B=3.0,A =3.33) |
' QIVAmlxer(B=30,)\ =1.66)
! © B v A mixer (B=3.0, A =20.0)
10 1 1 1 1 1 1
1 2 3 4 5 6
Arearatio Az/Ay;
B9 BEE{RREE
T T T T T T T
! Ramp dII’eCtIOI’l
R e .
X Ag/Ay = 1.0, W/O-shroud, W/O-mixer
: O  W/O-mixer
H ® mixer (B=3.0, 1 =6.66)
! © mixer (B=4.5, 1 =10.0)
2 - . ® mixer (B=3.0, 1 =10.0) 4
' ~ @ mixer (B=1.5, 1 =3.33)
! B O mixer (B=3.0, 1 =3.33)
: a
' . o
4+ B R
: E)
H "
: & —p v &
6 i P e ——
! = o
H [SI
B A
: *'JVV\“
' - v
8- . z i
: .
: B
10 1 L 1 L L 1 L 1 L 1

0 10 20 30 40 50
Upper shear layer length mm

10 HAWE EEE SI2X % mixer OhR

This document is provided by JAXA.



Rk 29 MEEFH S AR 7 A STCP-2017-030

S DR RV, EEFROMNER T S IRIvE & 5L
ZL7eW mixer £UERHD. FOEE, T mNAEEE
MEUE NS IR R S ¢ T A > & EEFOIMNE AR =T
LETORIZEAMB FHEI L Lo, RIZELIRIRA B
BRI &L, EESGOMIESRERKME L, &/ X
N DETRIEE R E R KEDOEEZ M7 bDTHD. =
NETOEBRBERNO= T =7 ¥ ) XV TE, ELIREE
FEOERBICHREN S D Z RN ho TS, Lo TERENT
mixer DR ZE 572 DIZ, Hith &2 SR Gl E s E & L
7o BAE Y mixer Z A L7254 Tlidk W/O-mixer D5 &
n %7’11' v PR TIZETRY, mixer (2 X0 EMWEH & 2 Rt
REMEEINTEBEZONE. KLY, FAWE LS
Eéﬁ)§< R BTN, ELREAREEHENRELS 8D
ZENRDLNL. L LEEERES LTS &, ELikE
EERE M EDOEKKEN NI Ro TN 2 ENgn5b.

ZDlHHHR S THARGBEIKBEL, HbIZhs
LEZOND., BB ERDTA v a%{Tny FEFRTA

OMTRL TV, KLY IR RS KR O b~
% &, mixer (B =3.0, 4 = 6.66)DHAIRAS, ELUEIEA BRI
BRRENZ ERDLNS. RLELMESREEEBEN KX
WEfFIEA3 /Ay =60 THY, 7.85dB Th 5.

B4 1112 mixer JEIR A 12 K220 E2 7R3, BEhiT R, #t
IR SRS IR E L R T, LR SREE kT 5
mixer JTEARD L DB RA R 572912, B=3.0 & LIEEE2Z1L
éﬁﬁn\é [ L 1 mixer (B = 3.0, 2 = 6.66) DR T, EL¥

AERETERBEOR FRELoTWnDHZ Ebnd. 20
kjﬂ%ﬁ=6%®%%#%%%gﬁﬁmﬁbfwék%
ZBND. ZHUE mixer 12X 0 IBRT D HERO R E S8,
BREREICE L W et BEZbND., J AV AR — O
EIFEW=20mm , /AL Ao — MNEI H=28mm Tk
5. ZDOl= mixer (B=3.0,A=6.66)Ti%, 7 A~7 LS
LITIEWVHERBTER SN D . Z DT IR & 2 IEDIR
AVREL, EHROMEZZEMEB X552 5
na.

4. #&

il

AWFFETIE, PCTI =0 P ~DBEEIRRT S 2 & LTHE

Wrxy = ¥ ) ANVEREZE L. MR 27 X ) XLE

RASBR TR M2 A4 L7,

1) HAWEEBEINEL 2HICo4, GRS
IREL D,

2)  mixer JEIR DO R & Ll L7256, 1=6.66 25 b ELIT
RABREIERICE L TV 5.

Bk el

1

2)

3)

4)

5)

Reduction in turbulent mixing noise dB

AWFIEIE, FHTAZE
JeE LTHEMS NI
HRE B BEREREC D fh /) 2 TV M=
T5.

ol Ramp direction
® mixer (B=3.0, A =6.66)
@ mixer (B =3.0, A =10.0)
O mixer (B=3.0, A =3.33)
© mixer (B=3.0, A =1.66)
7L @ mixer (B=3.0, A =20.0) i
4+ -
6 L -
8 L -
10 . . : ;
10 20
Wavelength mm
11 mixer JEIK LI L D0 HR
Eil 22

JEPAFEREAE & BES R & oL R
AMFFED FEil ’%7‘: D, BERFF
TRLTHEER

BEII

Takayuki Kojima, Hiroaki Kobayashi, Hideyuki Taguchi,
Katsuyoshi Fukiba, Kazuhisa Fujita, Hiroshi Hatta, Ken
Goto and Takuya Aoki, "Design Study of Hypersonic
Components for Precooled Turbojet Engine," 15th AIAA
International Space Planes and Hypersonic Systems and
Technologies Conference, AIAA 2008-2504, Dayton, OH,
2008.

Hiroaki Kobayashi, Shujiro Sawai, Hideyuki Taguchi,
Takayuki Kojima, Katsuyoshi Fukiba, Kazuhisa Fujita and
Tetsuya Sato, "Hypersonic Turbojet Engine Design of a
Balloon-Based Flight Test Vehicle,” 15th  AIAA
International Space Planes and Hypersonic Systems and
Technologies Conference, AIAA 2008-2620, Dayton, OH,
2008.

Hideyuki Taguchi, Kenya Harada, Hiroaki Kobayashi,
Takayuki Kojima, Motoyuki Hongoh, Daisaku Masaki,
Shujiro Sawai, and Yusuke Maru, "Firing Test of a
Hypersonic Turbojet Engine Installed on a Flight Test
Vehicle,” 16th AIAA/DLR/DGLR International Space
Planes and Hypersonic Systems and Technologies
Conference, AIAA 2009-7311, Bremen, Germany, 2009.
Takayuki Kojima, Hiroaki Kobayashi, Hideyuki Taguchi,
and Ken Goto, "Design and Fabrication of Variable Nozzle
for Precooled Turbojet Engine,” 16th AIAA/DLR/DGLR
International Space Planes and Hypersonic Systems and
Technologies Conference, AIAA 2009-7312, Bremen,
Germany, 20009.

Hidemasa Miyamoto, Akiko Matsuo, Takayuki Kojima
and Hideyuki Taguchi, "Numerical Analysis of
Rectangular Plug Nozzle Considering Practical Geometry
and Flow Conditions,” 45th AIAA Aerospace Sciences
Meeting and Exhibit, AIAA 2007-0031, Reno, NV, 2007.

This document is provided by JAXA.



Rk 29 MEEFH S AR 7 A STCP-2017-030

6)

7

8)

9)

10)

11)

12)

Katsuyoshi Fukiba, Shou Inoue, Hidetoshi Ohkubo, and
Tetsuya Sato, "New Defrosting Method Using Jet
Impingement for Precooled Turbojet Engines”, Journal of

Thermophysics and Heat Transfer, Vol. 23, No. 3 2009, pp.

533-542.

Shunsuke Nishida, George lanus, Hisashi Taneda,
Shonosuke Kita, Hideyuki Taguchi, Masafumi Utsumi.,
Takeo Okunuki, Mikiya Araki, Shuhei Takahashi, Osamu
Imamura, Mitsuhiro Tsue, "Measurements of Combustion
and NOx Emission Characteristics in Afterburner of
Pre-Cooled Turbo Jet," 28th International Symposium on
Space Technology and Science, ISTS 2011-a-46, Okinawa,
Japan, 2011.

Hiroaki Kobayashi, Shoji Sakaue, Hideyuki Taguchi,
Takayuki Kojima, Shunsuke Araki, Takakage Arai and
Ryosuke Saito, "Mixing Enhancement on the Afterburner
with Fuel Injection Struts for Hypersonic Vehicle," 17th
AlAA International Space Planes and Hypersonic Systems
and Technologies Conference, AIAA 2011-2328, San
Francisco, CA, 2011.

Mikiya Araki, Masayuki Fukuda, Takayuki Kojima,
Hideyuki Taguchi, and Seiichi Shiga, "Feasibility of
Aerodynamic-Tab Jet Noise Suppressors in a Hypersonic

Nozzle at Takeoff," AIAA Journal, Vol. 50, No. 3, 2012, pp.

751-755.

Mikiya Araki, Masahiro Tsukamoto, Takayuki Kojima,
Hideyuki Taguchi and Seiichi Shiga, "Thrust Measurement
of a Rectangular Hypersonic Nozzle Using an Inclined
Baffle Plate," Journal of Propulsion and Power, Vol. 28,
No. 6, 2012, pp. 1258-1267.

Mikiya Araki, Yasuhiro ljuin, Shunsuke Nishida, Osamu
Imamura, Takayuki Kojima, Hideyuki Taguchi, and Seiichi
Shiga, "Mean-Flow and Acoustic Characteristics of
Cold-Jets Issuing from a Rectangular Hypersonic Nozzle,"

Journal of Propulsion and Power, Vol. 30, No. 1, 2014, pp.

221-232

Mikiya Araki, Yasuhiro ljuin, Shunsuke Nishida, Osamu
Imamura, Takayuki Kojima, Hideyuki Taguchi, and Seiichi
Shiga,” Acoustic Simulation of Hot-Jets Issuing from a
Rectangular Hypersonic Nozzle,” Journal of Propulsion

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

and Power, Vol. 30, No. 3, 2014, pp. 820-833.

Mikiya Araki, Kohei Motita, Yasuhiro Takahashi,
"Experimental Invetigation of Jet Noise Sources in a
Hypersonic Nozzle at Takeoff," .AIAA Journal, Vol. 53,
No.3, 2015.

Lord, W.K., Jones, C.W., and Stern, A.M., "Mixer Ejector
Nozzle for Jet Noise Suppression,” AIAA Paper 90-1909,
(1990).

Oishi, T., Tsuchiya, N., Nakamura, Y., Kodama, H., and
Kato, D., "Research on Noise Reduction Technology," IHI
Engineering Review, 38, 51-57 (2005).

Fujitsuna, Y., and Tsuji, Y., "Research and Technology
Development of Environmentally Compatible Propulsion
System for Next Generation Supersonic Transport (ESPR
Project), " 24th International Congress of The Aeronautical
Sciences (ICAS2004), (2004).

AR, "R U UERE O T ¢ — v REHA, "2
7341, 26, 29-34 (2007).

MARERE, iR, NeZFZ, HoFz, SE%E—

"2y NS EIERRE EE S A D OPE R ERE
WCRIET R, " [ AW EETH 72 X4, Vol. 61, No.
5, 2013, pp. 141-149.

FRERE, FeARwt, NeZFEZ, HAFHZ, SEE—

APV Ty o, AUy MEFAEE SR X
I in B 2 8 E T O RN EMEIC RIT TR,
Y AT S X, Vol. 63, No. 2, 2015, pp.
53-59.

Lighthill, M. J., “On Sound Generated Aerodynamically,” 1.
GeneralvTheory, Proc. R. Soc. Lond., A 211, (1952), pp.
564-581.

Lighthill, M. J., “On Sound Generated Aerodynamically,”
11. Turbulence as a Source of Sound, Proc. R. Soc. Lond., A
222, (1954), pp. 1-32.

Richard, V.D., Richard, D.W.,, “An Experimental
Investigation of the Use of Hot Gas Ejectors for Boundary
Layer Control,” WADC Technical Report, 52-128, PART 2,
(1953).

Christopher K. W. Tam and K. B. M. Q. Zaman., “Subsonic
Jet Noise from Nonaxisymmetric and Tabbed Nozzles,”
AIAA Journal, Vol. 38, No. 4, (2000), pp.592-599.

This document is provided by JAXA.





