HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L 227
oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

J&»

JAXA’s Engineering Digital Innovation Center

TAEOS YR IIL R — )L R1ESS
BESHEETFAFEDIRE

SR BT B S
8 FH Tt 5 —

) OXFM &.1#5F Fit. UFE HA

R OSYrIODURRS

2

This document is provided by JAXA



258 LRI BRI 2R, JAXA-SP-12-014

AR BENEEN

[ BERNOEH h

> INSIEE NEREZRLLENSCETmERENT S
> A—RRU TR THHDIRILT—E55D
(ZXRINF=T—KHA9)L)

J

Prog. in Astronautics and Aeronautics,
Vol. 200, AIAA, 2004.

closure (Ni etc...)

Injector
elements

Severe conditions electro-formed

Temperature ~3600 K copper
Heat flux ~160 MW/mZ
Heat flux Copper inner liner
BAEapnRgs= MR EER s HER

AR BENAERPAICHLTCFDOER

[ BERNOEH h

> INSIRENEREREENCEmE ST S
> A—RRUTEBITHOHDIRILT—E55D
(ZXRNNHAE—T)—FHA4H)L)

J
Prog. in Astronautics and Aeronautics,
Q Vol. 200, AIAA, 2004.
[ IUOUBRICE RBERNAOEY: N
> BEZENERMITHEL . NEMIZIRIILF—FFD
vV RSN OYERREEBR I IDENDHS:
PABEN R . mEAIM RN, BMRE R

v BAESEMEREZTRIT 4!

o BRGEST ZMA. S EN#A B D B E EGR

- BEERE
\_* AHMRLOEHBALRRE W

— =

CFDZR AL THEMEEREFRZEL L

This document is provided by JAXA



FIRRSE 0nlry b2V rET7T YV 7 IRT U — (JAXA (Rl ) Ry D A 229

oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

BR LRy ILBESHNRTFRARITTORE

- YEE

[#ARF AR ERBARFAORE]

—

TI)U

- EMEBEETILORE
- YEETILOES
— FTEEBEDL—FA D

« AT HR—DE
- STEETEER

<

TR DL

Rectangular duct flow

Backstep flow

VERBORE = PEETILORAE

heated w.

a1

»

(b) Conyex heated wal [1111
Curved duct flow

Supercritical &
Turbulent Coaxial flame

Supercritical coaxial jet

= -4

Radiation

Heat
conduction

Backstep flow

, 3 o

Turbulent
boundary layer

Nozzle flow

6

This document is provided by JAXA



FLZEAITZE PR SRR AR DI R JAXA-SP-12-014

IRy — I ERBTI-HDDE 101030

INAT—VRGESR ISR B AR DUV 1)5%F:D
=>BmERNELN(EE12F, —&f4.508)
HROMEL. BREFENBR

Vulcain 11, the booster stage engine of R[N V = & >
BRBIUERLRAT
o JIART—ILIRBESR DB A SENEREZ BUBR CTEMEiT A F A

7

[E+Z]

ERRT D,
- FHEEE AERAR. EEEE. AHMRNENBESR

[ —Hfir]
- BHOYEETILOFEEFM
— HEAHEON—FAT > JAXARH & EE
o AT A—FRILFiE
[;EENA]
o PR RIBEE BV RAREE S A
-%mﬁxmﬂﬁﬂmﬁﬁﬁﬁi
© DEMLET V) DRSSV INAT-VIRER A~ DBERGR




HREAKT oy b rE®T V7 I8 7 FU— (JAXA AL EEERIE) Ry T A 231
oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

&iiEﬂE* RELTYTHR)

Basic cases Slngle element Multi-element mm

| Boundary layer |— -5| Supercrltlcal jet
I

= erd T s [ > Supercritical flowfield ]
Backstep flow > Coaxial flame

> Recirculation flow
» Heat Flux

Water-cooled
chamber

7I Demonstrator engine |
I

[ > Fullscale phenomina ]

> Heat Flux

> Interaction between flames 4
» Effect of geometry & conditions

]

1| > Heat Flux T

'(" > Combustion flowfield ] LH2 or LCH4 cooled chamber |

|
)

» Effect of geometry and conditions

E > Heat Flux and wall temperature
S S . > Effect of entrance, curvature, surface roughness
! . > Influence of manifold

i Cooling channel

->| Heated tube flow |—>| Heated rectangular duct flow

Validation and study

» Compressible flow
» Heat Flux

Heat condution

RELT7YTAR
[FIR)E#LANIILDOEHANRE#ETHSIEE
[RB )R BETLMrBENGEWNRRDRIEE

| Computational speed | | Combustion model | | Conjugated fluid and heat transfer | Red:works now in progresg

R F &

» Solver: CRUNCH CFD developed by CRAFT Tech.
» Governing eq.: 3D compressible RANS

Real gas model Radiation model

[Tool development][

» Convective terms: 2nd order upwind

» Viscous terms: Central differencing

» Turbulence modelj Low-Re-type k-& model papp, srr, 2011

> Combustion model:|Laminar finite rate (8species and 21 reactions)
Shimizu and Koshi, JPP, 2011

\

» Equation of state: Soave-Redlich-Kwong EoS g2
RBET IV

» Transport properties: Ely and Hanley model

This document is provided by JAXA



S LRI BRI 2R, JAXA-SP-12-014

BEWNIFERET L ORKE

Turbulent

_ : Boundary Layer Turbulent Boundary
Recirculation flow on on Heated Flat Layer with Pressure

Heated Expansion Tube Plate Gradient

EERRRICSEALEEIEEEET ILOFTEEEE

11

= _ | St Il
= L
Basic cases 4 Single element Multi-element mm
Boundary layer | » Supercritical jet Water-cooled [ N - |
T :[ I — ] chamber | Ii)emonstrator engine
S 1| > Supercritical flowfiel I
> Uand T profiles : f
-g i > Interaction between flames 7 [ - RlEEE AiETamlis ]
-l‘-nl f E > Heat Flux
s Backstep flow > Coaxial flame > Effect of geometry & conditions
| = q . v T T
ol RECIFCLIHBtIOI'\ flow ] | || > Combustion flowfield LH2 or LCH4 cooled chamber |
- > Heat Flux i| > Heat Flux T
'| > Effect of t d diti
'..2.. E SUTT LR AR > Heat Flux and wall temperature
© Nozzle flow D e e e .| > Effect of entrance, curvature, surface roughness
=) ! - > Influence of manifold
= |Bl > Compressible flow | Cooling channel
S [\ > Heat Fiux |
-,>| Heated tube flow |—>| Heated rectangular duct flow
Heat condution — !~ .
I | > Supercritical heat transfer > Effect of entrance, curvature, surface roughness
[ > Temperature profile ] E > Heat Flux and wall temperature > Heat Flux and wall temperature
! > Difference between heated tube and rectangular duct
(i )
c 1 1 Feedback 1 1 1
()]
§_ Basic features Key physical model
L~/
g | Numerical scheme | | Turbulence model | | Heat condution |
[)]
= Grid system | Real gas model | | Radiation model |
© ;
|2 | Computational speed | | Combustion model | | Conjugated fluid and heat transfer | Red:works now in prog;?ess
—

This document is provided by JAXA



HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L 233
oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

BEWNIFERET L ORKE

DOZRILAR

DOFRILKRE

?‘ .r‘
[
* Exp.
25 T+= Y+ . 50 . . . T T
----- T+ = 110.482"In(Y+) + 3.8 ® EXP. " ® EXP.
20 | ——CFD Model 1 <1 = 40| Bartz({%Ea =) i | ——CFD Model 1
CFD Model 2 E  [—CFD Model 1 i — CFD Model 2
15 1 = 30|——CFD Model 2 iah {13
+ g. ; =)
T 5 ' 5
- >
2 20} E
©
5 1 £ 10}
o 0 0 0 w0t O B 01 006 0 o 40
+ 02 -015 -01 -0.05 0 0.05 0.1

X [m] X [m]

(Near-Wall Model | ME#THR | /X)L | BHAE
ad

Model 1 (Low-Re) Fair Good B
Model 2 (Two-layer) Good Fair Good

« ANGORHICEOT, BULERIEEENELD,

13

T b GH2/GO2YY) MILAVMRIER

r—

=y _ N e
Basic cases 4 Single element Multi-element mm
| Boundary layer |— » Supercritical jet Water-cooled [ | -
I [ T — ] chamber 1 Ii)emonstrator engine |
1| > Supercritical flowfiel I
> Uand T profiles : f
i (> Interaction between flames 4 [ > CllEele phaznil ]
Backstep flow Coaxial flame |— L> Effect/bf geometry & conditions
| T
> Recirculation flow > Combustion flowfield LH2 or LCH4 cooled chamber |
> Heat Flux N > Heat Flux : e e

» Effect of geometry and conditions
9 v > Heat Flux and wall temperature

L reeeeeeeeeTTTTTTseseeeeeee? | ________ . > Effect of entrance, curvature, surface roughness

| i > Infl f manifold
i Cooling channel nfluence of manifo
'I’| Heated tube flow |—>| Heated rectangular duct flow

i
| > Supercritical heat transfer > Effect of entrance, curvature, surface roughness
E > Heat Flux and wall temperature > Heat Flux and wall temperature

! > Difference between heated tube and rectangular duct

1 1 Feedback 1 1 1
Basic features Key physical model

| Numerical scheme | | Turbulence model | | Heat condution |

j

Validation and study

» Compressible flow
» Heat Flux

| Heat condution l—

—

» Temperature profile ]

Grid system | Real gas model | | Radiation model |

[Tool development][

| Computational speed | | Combustion model | | Conjugated fluid and heat transfer | Red:works now in prog;‘r‘ess

This document is provided by JAXA



fift

H‘}

TEPRFERRAE R B JAXA-SP-12-014

E}}

234

BEWIERET VN GH2G02YY) MIVIVMRIERER

o XZR: GH2IGO2 YUy VIL AU MRIGEE BR

v & Marshall et al. (Penn. State Univ.),
- JRBEE J1 =5.2MPa AIAA-2005-3572, 2005.
- PRRLRE =800 K] -
- BREFIRE =711 K] ol

— BAFHRE = 3.31 X 10-2 [kg/s] t ™
- EAEFIFEA = 9.04 X 10-2 [ky/s] |
- BERE-TMAGHYETE ERSE) £ _|
' *%% 400 N
— 322000 ;= 0 005 01 )?.[1;] 02 025 03
— FwDEFIE =0.3 um (Y+ < 1in all zone)

Constant mass flux ”
No-slip adiabatic wall ="

No-slip iso-thermal wall Symmetry

Super
sonic
outflow

70
Points

15

Single Element Injector Expansion Tube
25 T T T 7
® EXP. 5 ® EXP.
=~ 20 — CFD Model 1 i CFD Model 1
E ——CFD Model 2 5 ——CFD Model 2
= 151 1 m
= Q4
pas =
= 10} - E 3
3 2y
I St 7 1R
0 1 1 1 O
0 005 01 015 02 025 03 0 5 10 15 20 25 30 35 40
X [m] X [m]
L | —
Temp. with Stream line Vel. with Stream line
o YU WIVIVMEATRER S i (EModel 2 DA DY, Modell kY HBULMER
LTS,
- IRELRICIERZRED.

o YUY MVIVAMNTIEBRERBEISE T OBRRL N )L @) <5
TEHEEmE ﬁéﬁh%ﬂbéﬁ WENDS.

16

This document is provided by JAXA



HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L 235
04y hZrPr I alb—3 g OERE. F L TEDR~ %Ik

REDEREDLE: GH2G02YY) MIVAVMHRBR

No-slip iso-thermal wall Symmetry

Constant mass flux

No-slip adiabatic wall <=~ Super
A sonic
e \?
outflow

Axis
Penn State GH2/GO2
Single Element Injector

® EXP.
25 ; ; ™| —RANS(JAXA)

— a0l /- U EEEES LES(SNL)

P~ Y ---= LES(GIT)

= 5 o e --e--RANS(MSFC)

= i

3 49

L

k5

T .
0 - - -

0 005 01 015 02 025 03

E ——— + RANSERATICL TIEZEHTZAY,
— i - D - TNAT-IVERGERR T ILEIR/NSLY
Temp. with Stream line =>J:U7lbx’r—}bl:_5&l,}*)‘7 A=
PABEAF COBRREDN LR

17

v

..... I 5 ~ 1 >
T P
g = Radiation

(a) Concave heated mnr 11 * . T{”

= | Rectangular duct flow =
-------- Heat
(b) Convex heated wall 1111 conduction
Curved duct flow

¥

Supercritical &
Turbulent Coaxial flame

Ss
~
S~
~.ae

Supercritical coaxial jet

Lot i R, L,

Turbulent Nozzle flow
boundary layer

Backstep flow

18

This document is provided by JAXA



236

FHMTZEWFTE B AR AR RIS B JAXA-SP-12-014

RETIL GH2/GO2YY) MILAVMRER R

1
3.600e+03
2. 8258+
2 050e+03
1.2 FGe+0]
5.000e+012

U

Laminar finite rate T )L (+ SR IGETIL) ED HLER,
— BREESR TRICTEHEMRICET IILEYBBREEEEHAVELY,
— BEmEAE. /JAILATHTOREZILICZENELTINS,

t

l

Detailed Chemistry

..__ﬁ

J

Laminar Equilibrium Flamelet Model

- [(FI=]

Turbulent Non-Equilibrium Flamelet Model

FlameletET ILZEA LG EATRDIERZHE-T-,

o ARRDOHSFMRSELEL T,
5+2+8 K MDH5+2+2 KIR =1 E &
BRI TIEHEINEIHALET 5,

- [R=]

-
>

#215

« BEX EALREZHEIRICERTHICIFHRNDE

19

Axlpl Locationx =0

— X=150mmLLfE Tl

Mixture Fraction

Puial Location x = 50

2 0
i 15| -
E :|5
] i
8 1ol &
3. : r
LR 2
| I
) gl
[i [ o4 1] 08 1 o oz n4 1 tE
Mlisrirn Fraction Bk Frction
Fuxial Location & = 150
0
S 15
=
4
&80
k-
] [ |
o 0z i 0E 08

Mistiira Fractor

Copedinie

Hadia
w

oSN it

i

Fadial

I'rl.

PIRETIL GH2/GO2YY) MILAVMRER R

5

o

=

o

o

=

-

« Laminar finite rate®TIL (+EHMRIGETIL) ED ELER
BENEN—FELYRIGEITMNIEES,

02

forlal Location x = 160

f
In'

If

o4 0B

Miture Fractiae

L] 1

fodad Locationx = 200

0z 0.4 aE
Miriurs Fraction

0B 1

20

This document is provided by JAXA



HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L 237
oy Ny Py Ialb—a O, FLTEDTR~ %RlE

RETIL GH2/GO2YY) MILAVMRER R

Table Look-Up from Flamelet Model

Detailed Chemlstw with Eh-s.-rrus‘tr:,.ur Frozen for x > 100 in T

3.600e+03
2.826e+03
2.050e+03

1.275e+03

Table Look-Up from Flamelet Model 5.000e+02

I .

oy
o -

I - _
Detailed Chemistry with Chemistry Frozen for x > 100 inys; 120

1.000e+00
» Laminar finite rate B 7 /L (+EHIRIEETIL) ED L, oo
— X=150mmLUFTILEE R BN —EELY RIGEITHIEES S ?505*‘-‘91

000e+00

— FEMRIGETIVIZTXx=100mmLLE CTRIGZ R HEIMIZEIE T 5.
Flamelet®ET )L CEERIN-EEBRTZBIETES,
=[FlameletETIILDRRALEENEILHENERIGHEITMRIEFES,

21

WIRETIIL FlameletETILOFER

* FlameletET ILZE AL EARDIEBFIHEH-T-,

—[FI=R]
o AREXDOHMFHRICELLERL TR,
5+2+8 AR M L5+2+2K (IR = 5T E R EL2E
« BIRITIEHANBITNEET S,
—[k=]
« BVEL EHAZILETHSIRICERATHICIIHENDE
 BENREILGWERIGETMNIEFS,

V

R E N EIZER T = (ZFlamelet®T ILZFAL.
R CIIEMRICET ILEFEH
= BITICHDBEEREHFI1/3IER

22

This document is provided by JAXA



238 FHIAL 22T TEBR SR AR RO JAXA-SP-12-014

¥ 27-MRERICSI SR LML FRRY

F*'-

In""-l-

r ] ] I | \
l Demonstrator engine |

Basic cases Multi-element

Water-cooled

| Boundary layer |—
chamber ‘

|
Backstep flow > Coaxial flame

I [ > Fullscale phenomina ] J

» Heat Flux
» Effect of geometry & conditions

> Interaction between flames 4
| || | | |

Q)
o
3
=3
C
&
5
3
=
5
=
3
@
a

> Recirculation flow
» Heat Flux

LH2 or LCH4 cooled chamber |

1

>

» Heat Flux T
>

g
[}
ol
Q,
u
o
o
3
[0}
o
<
o7}
3
(=%
0
o
3
o
=
o
2
"
J

> Heat Flux and wall temperature
b e e e e . > Effect of entrance, curvature, surface roughness
! . > Influence of manifold
[ » Compressible flow ] E C00||ng channel -

» Heat Flux !
->| Heated tube flow |—>| Heated rectangular duct flow

| Heat condution |— [; — ] : N
o>

Validation and study

T Supercritical heat transfer > Effect of entrance, curvature, surface roughness
Heat Flux and wall temperature » Heat Flux and wall temperature
> Difference between heated tube and rectangular duct

1 1 Feedback 1 1 1

Key physical model

[ » Temperature profile ]

| Numerical scheme | | Turbulence model | | Heat condution |

| Real gas model | | Radiation model |

| Computational speed | | Combustion model | | Conjugated fluid and heat transfer | Red:works now in progress

Y27 MR IS SIRAE S ML F RN

> ¥RIEEH: 5.0 MPa
> BAH: 6.5
> EEHEEL: 50

> IEEHEEE: 99 K for GH2
97 K for LOX

[Tool development][

i

Inner liner; Cu

=i ===l —4+=-=“E{z=-4‘\==ii=ﬂrx&t==“==i
ALY Aim”-

R Ll
| Outer Shell; SUS

22 circumferential water cooling channel

y»l

12 co-axial injector elements Throat Diameter

Face plate to Throat

This document is provided by JAXA



HHKRFE vary hmy VU ET V7787 b U — (JAXA fE&EERIE) v R YT A 239
o4y hZrPryIal—3i g L OEE. FLTEFDOR~ %l

Y27 MR IS SIRAE L MR FER N

> B BEARKRICKEGEETEIHSHRNEAILAVINDHAERE
> B2 ILAVINETEER

=1 x x2
O[ / / 7
H2 Combustion gas Combustion gas

25

CASE1 CASE2 CASE3 CASE4

CASE1: £ EMBEHRES ., LZRIGE

CASE2: £EmMABH REST . L2 RIEH

CASE3: &/EATL AVNEE. RAIIXABEN A THES. LERIEH
CASE4: EWIK. LFREHE

26

This document is provided by JAXA



240 LRI BRI 2R, JAXA-SP-12-014

Y27 MR IS SIRAE L MR FER N

Temperature Mo

0.333 7.000 0.333 1.000

0.000 0.667 0.000 0.667

H2 mass fraction H2 mass fraction

> REITL AV MERTEL2ARGER IR TE TS
> BEAEORBAKREEICEESHY > BEBARRIMICEHET HrIaEMEH Ly

Y27 MR IS SIRAE S ML F RN

70 , : , .
e EXP. CASEZIZJ:U%;’EIIEﬁE
60 | ]
g 50 | / . CASE1,2
2 40 " -
=
= 30 ]
®
2 90 : | | CASE3
10 A ]
0 <~ CASE3IC&YFRImTaE
0 100 200X [mm]300 400 500 CASE4
» Case 1vs 2: EERIEDEEIINHAE
= BEBRERV/AIVEERTICEKDIEZEERNEE
> Case 3 vs 4: NA|TL AV MER(ZKSHFEITER T i TO1E K
= BEAEZRNIERBKREDFANEE 28

This document is provided by JAXA



241

HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L
oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

Basic cases
| Boundary layer |— » Supercritical jet Water-cooled ‘ - )
i monstrator engin
I [ o Id] chamber *| Demonstrator e e|
S 1| > Supercritical flowfiel
> Uand T profiles : f
-g 1 > Interaction between flames 4 [ 2 RUEZE S ]
G | [ Backstep flow |— | 7 Ector
e Backstep flow > Coaxial flame > Effect of geometry & conditions
c > Recirculation flow O
(] > Heat Fl ||| > Combustion flowfield LH2 or LCH4 cooled chamber |
[ elsLDs 1| > Heat Flux T
'| > Effect of t d diti A
-g E TS EE A A e e > Heat Flux and wall temperature
© m S S > Effect of entrance, curvature, surface roughness
=] ! . > Influence of manifold
== | | » Compressible flow § Cooling channel o
g > Heat Flux |
-,>| Heated tube flow |—>| Heated rectangular duct flow
| Heat condution |— b . ~
T 1| > Supercritical heat transfer » Effect of entrance, curvature, surface roughness
[ > Temperature profile ] 1| > Heat Flux and wall temperature > Heat Flux and wall temperature
! > Difference between heated tube and rectangular duct
=) g
c 1 1 Feedback 1 1 I
()]
§_ Basic features Key physical model
o
g | Numerical scheme | | Turbulence model | | Heat condution |
[)]
=) Grid system | Real gas model | | Radiation model | 29
© ;
B | Computational speed | | Combustion model | | Conjugated fluid and heat transfer | Red:works now in progress
—

IVAT-MIRIRE WMB{EFE0OEA

@ 2ULAT-LIRIRSR (LE-X)

> WRIEIE 71: 12 MPa

> BSLk: 612 E

30

This document is provided by JAXA



242 FHMZEHIE S RIRE  JAXA-SP-12-014

IVRT-MRIRE MME{LFEORR

Y11}

Lower Computational Cost
31
BNARADOIL A RNEE1 —SHEELSETRARICSHTINBOEELAE

ILRr-MRIRAE MME{CFEROER

> BTt R EREFRALI-A D235
> BT R 910005 B (Y < 1.8)
Wall: Non Slip + Temp. Profile

Outflow: Supersonic
Symmetry

This document is provided by JAXA



WHKYE 0oy bV rET Y7 TRT MY — (JAXA 2 R 0 RY T A 243
sy hZmoPry I ab— g OFRER., F L TEDKR~ %RIE

IVRT-MRIRE MME{LFEORR

1 row | 3 | 3 rows | | |
2 rows /] | I S— , B T / W S ]
3 rows 3 | | 5 rows | |
x Noinjectors| // \ = | Noinjectors| ~ /| = |
L " : ; ; ;
= | |
') * :
Ty TS ? |
Sy 1y 0033 0.100
\ \ \ \ r [ ’ 0.000 0.067 ,

OH mass fraction distributions

o MM HABF|EEET HETHRITERITINET 5,
o WEREBED/ZXIVEBDEA DY 3FEE LG 2RITEhx R AENTHE
Y labline e
— JRILED2RTE RBHTIER DISHEMITH T RV THERF A
= IVAT—IVRIBERREVR R TR (E5F DBITHREZ RN

7»1#—»7&‘&5 Mlﬁ‘ﬂ:*id)ﬂﬁﬁ

Iso-surface of H2 Iso-surface of H2
r ~ (H2 mass fr. =0.8) Rl (H2 mass fr. = 0.4)_

1 row o - .' 5 ros .-
> BEAEICFEET SRBDKZ=Z=IX1FIDAH. 4-55]LLEL T

> RIOKREN VBN EEREEED
BENBBRYRBRRNEED

Aux

———

4

This document is provided by JAXA



” LRI BRI 2R, JAXA-SP-12-014

HENGET YT ICLSRITRM DGR
(I—=FFa—=27) | (AIRARIER) (REEHFRAIATEA)

4.5 A 93 fi] 33 fi] 18

2t N\t N/t

07 .

[B4E])
© DILRT— VBB OB LRI REE AR THME T S
FEEHRFET D, I
= BEIFIFZERR
CHHEIEDHYT) T %R EH
AIAA JPC 2013IZTHRERFE)

FEH

o [DJILRT— LIRS DBESHEREXHUE M Ca i 51400
SBEICEML., YIBEETIVEHE. RN, FBRRIEFEDB
A RABIEREmBREANDEZERETZFITo1=,

— YEET)LEHE
- BEEEHNOEEETIV
« MRETIL
— FREEfEAT
o EBREIEMBETRN
« U RILFA DI ABREEAER
— fBRIEFiE
« REIA S TH40BIRIE
— IVAT—IVIRBEER A~ DE R = BTh

36

This document is provided by JAXA



HERKF vy b VT VU7 IRT U — (JAXA RESE ) R YT L 245
oy Ry Vv al—3a rOEER, £ LTEDOR~ #%il%E

Ro-BRELSEROBANR

- ERERSTIALE
SHHALET L. ERRERHOBA G EEERR)

- FERIRRIEM

SRODFERA (JAXARILEK)
>RCCELGESHLGHFITERRMBRFENDEE (HEAERER)
SEREEBTOMRBIGE~NDEE (FELERRK)

EEREDMNR NS5 EMAERE (RR)

37

This document is provided by JAXA





