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® Koichi YONEMOTO (Dr. Eng.)

m Tokyo University of Science (Commissioned Professor) ff
Faculty of Science and Technology, Dept. of Mechanical Engineering -
Space Systems Laboratory "
m SPACE WALKER Inc. (CTO: Chief Technical Officer) ‘.
Personal Data ‘ !

Date of Birth : July 28th, 1953
Place of Birth : Tokyo

Education and Career

Commissioned Professor at Tokyo University of Science (TUS)
Founded SPACE WALKER Inc.
Professor at Kyushu Institute of Technology (Kyutech)
Visiting Researcher of ISAS (Institute of Space and Astronautical Science)
£ Ministnl of Education (Current JAXA)
Kawasaki Heavy Industries Ltd. (Aerospace Company Company)
| Commercial and Military Aircraft Development ;
| Reusable Space Transportation System (HIMES, HOPE-X, RVT etc.) , . HIMES
Graduated Postgraduate School of Engineering at the University of Tokyo \akegntry, Test
= 1978~1980 University of Stutt artillnstitute of Aircraft Design)
and DFVLR (Institute of Turbo Machine at KéIn: current DL g
= Doctor of Engineering (the University of Tokyo/ Aerospace Engineering)

Major = Aerodynamics = Flight Mechanics
= Navigation, Guidance and Control = Cryogenic Composite Fuel Tank
= System Engineering of Aircraft and Space Transportation System

Current Research Next Maritime Patrol
= Reusable Space Transportation System (Suborbital Spaceplane) Aircraft P-X Reusable

Rocket RVT
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SPACE WALKER Inc.
S DA NE ps://space-walker.co.jp/corporate-profile
Establishment December, 25%, 2017
HEAD QUARTER:
Shimbashi 3-16-12 3FIr, Minato, 105-0004 Tokyo, Japan
SPACE TRANSPORTATION DEPT.:
+ Office in TOKYO UNIVERSITY OF SCIENCE
Noda Campus, Building No.3, 2" Fir
Business (Yamazaki 2641, Noda, 278-8510 Chiba, Japan)
Locations Composite Materials Technology Dept.:
- Office in KURE INDUSTRIAL PROMOTION CENTER
KURE SUPPORT CORE
(Agaminami 2-10-1, Kure, 737-0004 Hiroshima, Japan)
Manufacturing Plant in NIHON TAISHOKU Co., Ltd
(Tashiromen 198, Tabira, Hirado, 859-4812 Nagasaki, Japan)

m B 1,116 Million ¥ (including CE Stock Acquisition Rights and CB
as of June 30t", 2022)
Design, Manufacturing and Operation of Reusable Suborbital
Activities Spaceplanes
Manufacturing and Sales of Space Development Related Components
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Agenda

1. Suborbital Spaceplane Development
2. Experimental Winged Rocket

3. Aerodynamic R&D Issues
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1. Suborbital Spaceplane
Development

SPACE J/WALKER 5
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® Development of Suborbital Spaceplane
v Unmanned Dual Mission for Science and
Small Satellite Launch
v" Common Shape for Space Tourism Service

2027 2029

TSTO
2025 (Two-Stage-To-Orbit)

Spaceplane

Space Tourism
Cargo Transportation —

Experimental
Winged —
Rocket....oms s

VIRES#015 Dual Mission

u Gravity / Small Satellite
Science Launch 2=
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® Expendable Rocket and Reusable Spaceplane

Expendable
Rocket

Direct |

Operational
Cost

Manufacturing

Disposal Cost

(Environmental
Pollution)

SPACE / WALKER

Reusable Space Transportation System ¢ « -
B Sustainable Social Infrastructure
W Reliability and Safety for Passenger

Transportation ‘-'

Expansion of the New Frontier to Space
* Living on Moon and Mars
* Point to Point Hyper Speed Transportation
(Airbreathing Engine)
Reusable Space
Transportation Syste,

Indirect
Operational Cost

Refurbish and Direct
Operational Cost

Fuel Cost

Depreciation Cost
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Reusable System

v’ Composite Structure and
Cryogenic Tanks

v’ Automatic Flight Control «
SPACE WA
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100,000 i i 65—
RaiJin () Mission 050 of o -_ ----- S
i y 0 . -
® Small Satellite of 200 [!(g] g 1090 —Searink(SpaceX) and — - S
® Sun-synchronous Orbit of [ OneWeb Satellite | ¢ agget ma
. i atelllte
700 [km] Altitude % 1,000 I
g .
E I
2 100
l l
10
M=10kg 10kg<M=100kg \Jookg<Mszsokg /250kg<M5500kg 500kg<M=1000kg
—_— . — - - 10’000 < PO BN RN BN RN B \
5 | Altitude Lower
g 1000 | Iz than 750km
s : |
[ 1 .
s 100 . I
3 I .
Elon Musk’s Starlink § 10 . 1
Satellite-Internet Service z | .
https://www.wsj.com/articles/elon-musks-starlink- . |
satellite-internet-service-battles-dish-over-airwaves- 1 l .
11657359181 . H=500km 500km<H=750km/ 750km<H=1000km 1000km<H
SPACE / WALKER 0

55t FDC/41t ANSS [ HT7F —ERIRN—X 7L — > DEF R LR EE DT/

FuJin & RaiJin RaiJin

M Gravity / Small Satellite

Science Launch NagaTomo

[ Wass fkgl | Fuin® | Rain® [ NapeToma”]
By | sosi | 1315

| 24687 | 16844
Propulsion H__lm
N2 |

Gas

Composite
Airframe

SPACE WALKER

Composite LOX Composite LNG
Tank Tank LOX/LNG
Engines

Total Initial Mass | 47,510 54,009 | 36,204 |
No.ofEngines | 7] 5

“1100kg Payload to 150km Altitude

“2 200kg Satellite into Sun-synchronous Orbit of 700km Altitude
"3 6 Passengers with 2 Pilots/Crews

*4 Carbon Neutral Bio-methane Propellant

"5 Payload and External Carrier

"6 Expendable Upper Stage 10
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® Engine and Propulsion System Integration

Composite Composite
Avionics A B LNG Tank

v LNG
7 1 Engines

View C-C“V' 7

Inter-tank Propulsion System (Rear Propulsion System)
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® Cockpit and Cabin Design of NagaTomo

cremrsEeAl
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® Vision of Future Space Transportation System

2020 pu I 2030 W 2020~

Industry-University R&D Manned Orbital Spaceplane with

) 'S - Combined Airbreathin
5 Experimental Sy borbital Spaceplane and Rocket Engine -

% Winged Rocket

rip
on the Earth
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HIMES HOPE/HOPE-X WIRES
(Highly Maneuverable (H - Il Orbiting PlanE (Winged REusable Sounding
Experimental Space vehicle) eXperimental) vehicle) Tokyo University of Science
Space Walker Inc. & Partners

National Aerospace Lab. Kyushu Institute of Technology
ntjAgency

HIMES s the Roots of
Suborbital Spaceplane

JAXA (Japan Aerospace Expl, "
and IHI Collaboration

WALKER

This document is provided by JAXA.


https://www.bbc.com/news/science-environment-27591432
https://www.bbc.com/news/science-environment-27591432

32 FHIMZEIFIE B AR R B B JAXA-SP-23-009

55th FDC/41st ANSS [ T7F — ERINIAN—R L — > DEEG I ZH LT EREIC DU T/

Suborbital Spaceplane “FuJin” &, “RaiJin” & :

and “NagaTomo” &k &will be operated at the
Spaceport of Hokkaido/ Taiki Town
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® Technology Issues and Challenges

Technology | ssues |

1 Integration + Airframe/System Integration & GSE’s, Operation

+ System Optimization Methodologies
(Vehicle/Propulsion System/Trajectory)

Manned/Unmanned Fault Tolerant System (NGC,
Structure, Engine-Propulsion System,
Mechanical & Electrical Equipment,
Communication System)

Reusability (Reliability, Health Monitoring, Thrust
Augmentation, Reignition),
Clean Propellant

+ Failure Tolerant Navigation System
Real-time Optimal Trajectory Generation and
Guidance

+ Adaptive Attitude Control Theory

2 System Design*

Fault Tolerance
System

LOX/LNG Engine*

5 Autonomous
Flight System*

Composite
6 Airframe &

Propellant Tanks*

+ Complex Airframe Composite Moldln?2
+ LOX Compatible Composite Tank (CFRTP-PC)
+ Super-pressure Composite Gas Tanks

Public-private council led by Cabinet Office/
7 Legalization _l:[lini§try of Land, Infrastructure, Transport and
ourism

SPACE / WALKER
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Powering your potential
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Partner’s Responsibility
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Science

Toray Carbon Magic
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Realize your dreams

ST
$

Tokyo o
Un|vers|ty of B Kawasaki
Science Powering your potential

B Kawasaki

Powering your potential
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Toray Carbon Magic
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Since 185

® Legalization

B Commercial Manned Suborbital Space B Political Survey Committee on Space and Ocean
Transportation Research Group Development (Liberal Democratic Party, Special
(2018 Nov. — 2019 Mar.) Committee)
Organizer : SPACE WALKER, PD Aerospace
Secretariat  : Japan Space Forum Fifth Recommendation (:\
Chair Person : Ms Naoko YAMASAKI (Former Female Astronaut) (Issued on 2019, May 14) 'g ;
Issues : * Current overseas and domestic Development “2.2 Expansion of space utilization V‘ '. A
: . . s (\ )
status of reusable space transportation in industry and science”
. Legal issues and Ieglslatlon process <Summary>

¢ In order to promote commercial sub-orbital flight, a public-
private council is organized by the Cabinet Office, Ministry of
Land, Infrastructure, Transport and Tourism, JAXA and other
related ministries and agencies

B Public-private council for
B Commercial Suborbltal Flight Legalization

* 2019, June 26 . The 1t Committee Meeting
* 2020, May 28 . The 15t WG Meeting on Future Issues
* 2021, July 14 . The 2" Committee Meeting
* 2021, May 27 . The 2" WG Meeting on Future Issues
« 2021, September 1 . The 3" Committee Meeting
SPACWALKER + 2022, December 7 . The 4th Committee Meeting 1 7
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2027 2028 2029 2030 2031 2032
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Vince 168>

Toal v P 0 AENEOEDDDG
Exgenmental W‘ng dRucket WIRES#O 5 Wln ed REusable Soundln vehicle,
[
Sustaining Design

Prefiminary Design Detall Design

"FuJin/RaiJin/NagaTomo" (Science Mission/Small Satellite Launch/Space Tourism)

[ [ POR. [ GOR#
Preliminary Design Preliminary Design Preliminary Design Detail Design Detail Design Sustaining Design Sustaining Design
(Part2) (Part 2)- Extention - (Part 3) (Part 1) (Part 2) (Part 1) (Part 2)

WRESH016-A

Wind Tunnel Tost) 44 Wind TarmaT Test

® Development Plan
(Propeliant a7 Propeiiant Test } DLRQOQEGH!.OH L

Mota! Jig. D;s:::l:ﬂ Fabrication LOXILNG Engln‘

g o assamy osite Tank :
@—1 . igation énd Guidance
Software Spoc. !@M— ' ! i
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2. Experimental Winged
Rocket

SPACE J/WALKER 19

Initial Mass 1,000 [kel ounding rocke

Max. Thrust 17.8  [kN] .

Combustion Time 30 [s] = — — 9
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B Experimental Winged Rocket WIRES#015 (2/6)
® Nominal Trajectory & Fauding Pott
2000 1
z \&
E‘D 1500 | ’ ' 4 Deceleration
g \ Chute
; 1000 F Deployment
E so0t /
D
(Ground Track) | | | Release
Enocine e . /0 1000 2000 3000 D%ﬁﬁlltta;alt)ion
. Cute- off _}{_}(&ch)peranonfaumh P oin: Do:vn range [n:] ' 3RS ;ydsté’m
£ 5000 F ] O Main Chute
—4000 Drogue Chute Deployment 5
< 3000 ¥ Main Chute Depl t /
2 2000 o POyment
= ‘]' 000 T Air Bag Deployment
< 0 hd A A A A A ’ 3-Rings
0 50 100 150 200 250 300 350 B e
SPACE J/WALKER Time [s] (Time History) 21
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B Experimental Winged Rocket WIRES#015 (3/6)
® Onboard Subsystems

.. Deceleration
Avggcs P,,"::',',’m Hfaﬁzs LNG Tank LOX Tank Chute

—n——— R —

Flush-type = PO i |
Air Data N2 Gas N '
Sensing System Tankx2 FrontAirbag LOX/LNG Engine
v Composite Airframe and Tanks
SPACE J/WALKER 22
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B Experimental Winged Rocket WIRES#015 (4/6)
® Telemetry Command and Down Link

Communication Flow

1 Uplink

@Nominal Downlink
(Emergency Uplink
@Command to Launch Site
(®Data from Launch Site
(®Ignition Command
(@Monitoring Data (Control Center)

® 1® 1D @ @ @

| Parabolic Antenna | | Parabolic Antenna | %&:::::3;&:?"@
A Video Monitoring
©01 v v AT Mobile Launcher
| 1 | | 1 | | 1 | T = = = > Wireless
Emergency _| 1 v v —> Wird
T PC y D@6,

A
(for Telemetry) I:;fmm,) ) @ Roser | ©D.®.® PC
Al > (Server)

Contr¢l are.
Monitoring PCs
@ © @,@ 4 Ry 4 Launch Site
Rocket Status Prop.System PWeb camera)
Mobile Flight
Controller 1 _ficy Propulsion Flight
tect by | Proputson o Control Center
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‘5 Experimental WinN ed Rocket WIRES#015 (6/6)

Flight Demonstration in Germany ;-

Demonstratign Flight will be
conducted at German- g
Military Area’at Meppen 5 4
WTD 91 (Wehrteghnische =
Dienststelle) in "c26m &
collaboration with DRL .
(German Aerospace Center) /

from 2025 to 2026_ -’.r':- ::' KleiniBerRen "=

Sogel

SEVE)

EMMELN

Wehrtechnische /

Dienststelle (WiID 91)

™
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3. Aerodynamic
R&D Issues
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3. Aerodynamic R&D Issues

3.1 Aerodynamic Characteristics Estimation
Using CFD

3.2 Aerodynamic Interference and
Separation Analysis

3.3 Highly Maneuverable Supersonic Airfoil

3.4 Multi-disciplinary Design Optimization
(MDO)

SPACE J/WALKER 27

55t FDC/41t ANSS [ Y7 F — ERNRN—X T — > DEF I FH) G H R R FEIZ DU T/ @g
| A ps

<
Snce 168>

3.5 Differential-Pressure Type FADS (Flush
Air Data Sensing) System with Two-
stage Reference Pressure Chamber

3.6 Thermo-fluid Analysis of High Pressure
Gas Tank

3.7 Release Behavior of Deceleration Chute
in Wake Vortex

3.8 Landing Impact Mitigation Airbag with
Multi-vent Holes

SPACE J/WALKER 28
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O
3.1 Aerodynamic Characteristics Estimation Using CFD
B Trim Capability and Flight Profile (1/2)

Fujikawa, T., SW-R-SD-2021-001Fb #{k+4 4 &> S 8(L 4 77 }), Dec. 31, 2021.
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Return trajectory
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B Trim Capability and Flight Profile (2/2)
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B Comparison of WTT Results with CFD Analysis (1/6)

Piran, A, et. al. “Comparison of Wind Tunnel Test Results of
o WTT MOdeI and C FD MeSh Suborbital Spaceplane FuJin with CFD Analysis,” IAC-22-D2.7.6,
Sep. 21st, 2022.

P
v o
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e —— — e — — —mm— —
s 1
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Bl Comparison of WTT Results with CFD Analysis (2/6)
® WTT Flow Visualization

oKY0y,
Py, = O
8
)
A
SONFT6>
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Bl Comparison of WTT Results with CFD Analysis (3/6)
® Flow Solver and Meshing

Flow solver : FaSTAR (unstructured CFD code)

Meshing : Mixed-Element Grid Generator in 3 Dimensions (MEGG3D)
CFD Parameters Selection
Discretization Cell-centered, finite volume
Accuracy Unstructured Monotonic Upstream-Centered Scheme for
Conservation laws (U-MUSCL, second order accuracy)
Time integration Lower-Upper Symmetric Gauss-Seidel (LU-SGS)
Advection term scheme Low-Dissipation Advection Upstream Splitting Method

(SLAU, M<=1.3);
Harten-Lax-van Leer-Einfeldt (HLLE, M>=1.6)

Turbulence model SA-noft2
SPACE J/WALKER 33
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Bl Comparison of WTT Results with CFD Analysis (4/6) b

® CFD Flow Visualization

97m
Elements

SPACE J/WALKER 34
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Bl Comparison of WTT Results with CFD Analysis (5/6)
® Lift and Drag Characteristics
L5F : : : - B —f- M1.3 CFD. oo M2 DLR WTT ' /l
- 1.4 o—=--M1.3 DLR:WTT ». .. M3.-CFD 1 ’ s
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ol | 12 i M2 CFD e M DLR W ,./..._
d 0.5 4
0.0 i ~ < ML3CFD = M2 DLR WTT ]|
p e—e MI1.3 DLR WTT = =+ M3 CFD
E « « M1.6 CFD =—s M3 DLR WTT
Py ¢—s M1.6 DLR WTT = -+ M4 CFD 1
—osl % + = M2 CFD >— M4 DLRWTT |
-10 0 (] 20 30 40
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® Pitching Moment Characteristics
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Bl Comparison of WTT Results with CFD Analysis (6/6)
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3.2 Aerodynamic Interference and Separation Analysis
B Definition of Satellite Launch Configuration

Otsuki, T., et. al. “Aerodynamic Interference and Separation Analysis of a Two-
Stage Spaceplane for Small Satellite Launch,” IAC-22-D4.2.8, September, 2022.
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3.4 Multi-disciplinary Design Optimization (MDO)
B Gradient-based Optimization

Fujikawa, T., et. al. “Application of Multidisciplinary Design Optimization to the Development of an Unmanned
Suborbital Spaceplane by Industry-Government-Academia Collaboration,” IAC-22-D2.7.9,x71209, Sep. 21st, 2022.
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B Aerodynamic Characterlstlcs Estimation by Multi-fidelity

Method
Cbaseline(M: a) + EZ (x, M)az + El(x: M)a + Eo(x, M)

Cmod (X, M ’ C()
Aero coefficient of

Aero coefficient of

modified shape or baseline shape from

mated vehicle wind-tunnel test
Aerodynamic analysis using panel method is applied to

x © Vehicle design variables

M : Mach number

a : Angle of attack ‘
C,,C4,C, are constructed

Modification
(quadratic function of «)

300 different shapes before optimization

Cp M3.0, a=10deg Cp
05

MO0.3, a=10 deg

Panel methods

Subsonic ! Linear potential flow theory
with compressibility correction

Supersonic : Modified Newtonian for windward
Prandtl-Meyer expansion for leeward
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3.5 Differential-Pressure Type FADS (Flush Air Data
Sensing) System with Two-stage Reference Pressure
Chamber

B Pressure Ports (1/3)

Tsunoda, T., et. al. “Differential-Pressure Type
Flush Air Data Sensing System with Two-Stage
Reference Pressure Chamber,” The 2022 Asia-

ery : r Front View View A-A
Pacific International Symposium on Aerospace
Technology, Oct. 12-14, 2022. @® Air Data Pressure Ports 9 Ports
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B CFD Analysis of Reference
Pressure Chamber

CFD analysis conditions.
Reference pressure

Solver p Simple Foam measurement points :
Turbulence Model RANS (k — g)
Pressure-velocity Coupling SIMPLE method
Method
Kinematic Viscosity 2 5
Coefficient v [m”/s] 1.0x10
Density p [kg/m?3] 1.25
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B Air Data Estimation Algorithm
Differential pressure at each port, Ap;
P—D Reference-chamber pressure, p™
v

—— = &(a, B, M) sin? 0 + cos? 6

P
b

o

R

q I Construction of absolute pressure at each port, p; = Ap; +p™
& : Calibration Coefficient | Estimation of angle of attack, a,, from p; ‘
¥

| Estimation of sideslip angle, S., from p; and a, ‘

Ref. Whitmore, S. A., Cobleigh, B. R. and
Hearing, E. A., Design and Calibration of Estimation of Mach number, M, static pressure, p,,, and
the X-33 Flush Airdata Sensing (FADS) compressive dynamic pressure, q., from p;, a,, and ,
System, NASA/TM-1998-206540, 1998. ¥

Correction of aerodynamic attitudes,

a=a,—da(a,), . B =B —0B(Be)

Establishment of health-monitoring flags, fi and fiow ‘

¥
OUtpUt: a, ﬁv M, Poorqcs ffail and flow
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B Nominal Flight Profile and Pressure Error Model
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B FADS Error Analysis
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3.6 Thermo-fluid Analysis of High Pressure Gas Tank
B Experimental Winged Rocket WIRES#015

Deceleration

Avionics LOX Tank Chute

Flush-type
Air Data
Sensing System
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B High Pressure Gas Behavior at Exhaust/Adiabatic Expansion
Temperature |§  Velocity Temperature Velocity
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3.7 Release Behavior of Deceleration Chute in Wake

Vortex
B Parachute System Deployment Test of Experimental Winged

Rocket WIRES#015 —
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Parachute System Deployment Test
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B Kinematic Model of Deceleration Chute (1/2)
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. s ~ 3 .\_ J ‘/ 74 .1’ ‘ :r ~ -
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B Kinematic Model of Deceleration Chute (2/2)
d*r
mc dtzc =F.+F,c—mg G
d*r
m, dtzr =F.+Fy—m.g (32) > X
Fre=—F¢ 33
r, =21, 4
L =Irl (3.5)
m, = ul, (3.6)
dZ
(mc + %) dtrzc =F,+F,—(m,+m,)g (3.7) Kinematic Model
m., M, : mass of chute and riser F., F,  :force of chute and riser
Tc,Tr : position of chute and riser Fre,Fer - internal forces
9 : gravity acceleration
L, : riser length
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B Deceleration Chute Behavior Simulation Result
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Trajectory of Deceleration Chute in Wake Vortex
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3.8 Landing Impact Mitigation Airbag with Multi-vent Holes
B Airbag Ventilation Mechanism
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B Equations of Motion (1/3)

® Vehicle Equation of Motion: (P—Py)S
d
—Mg + (P - Pa)SMd—': =—-Mg+(P-P)S (1) | |

o0y,
3
p Q
N1

. . . Mg
® Gas Differential Equation: o=
PV = mRT (2) Ventilation
dpP Pdv RT dm mR dT 2
— =t =+ —— (3) | |
dt V dt V dt V dt
i i i . P: Airbag Pressure P,: Exit Pressure
® Gas Adiabatic Exp anls fon: S: Airbag Cross Section H,: Exit Entropy
dU = —-PdV +dH, + = deE (4) P.,: Atmospheric Pressure T,: Exit Temperature
2 Area p.: Exit Gas Density
vadT + dvaT (5) V: Gas Volume S.: ExitArea
_ 1 2 m: Gas Mass U.: Exit Velocity
= —PdV + dmeTe + 2 dee T: Gas Temperature M,: Exit Mach No.
1 1 m C,: Specific Heat a.: Exit Gas Sonic Velocity
dr —PSv(k—1)+ {(KTe —T)R+ 5 (k — 1)Ue}m (Volume Const)
e C,: Specific Heat
dt mR (Volume Const)
(6)
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B Equations of Motion (2/3)
® Gas Ventilation Equation: (P—Py)S
dm
P eSelUe (7) | |
. . . M
® Compressible Bernoulli Equations: 9
P q o=
Pe =P, (8) Ventilation
) | |
. 2 P\
Me - k-1 [( P e) 1] (9) P: Airbag Pressure P,: Exit Pressure
S: Airbag Cross Section H,: Exit Entropy
1 P,,: Atmospheric Pressure T,: Exit Temperature
Kk—1 2 2 \k-1 Area pe: Exit Gas Density
pe = P (1 + TMe) (10) V: Gas Volume Se: ExitArea
m: Gas Mass U,: Exit Velocity
P, T: Gas Temperature M,: Exit Mach No.
a e = K— ( 11 ) C,: Specific Heat a,: Exit Gas Sonic Velocity
Pe (Volume Const)
C,: Specific Heat
Ue = a, Me (1 2) ' (Volume Const)
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B Equations of Motion (3/3)
® Choke Condition M, > 1; (P—Pg)$
| |
M, =1 13 Mg
e . ( ) (D:>
2 \x—1 14 Ventilation
p.=P(%)
e K+1 (14) | |
1
2 k-1
p e = p (—)K 1 (1 5) P: Airbag Pressure P,: Exit Pressure
K+1 S: Airbag Cross Section H,: Exit Entropy
P P.,: Atmospheric Pressure T,: Exit Temperature
a, = |k=£ ( 1 6) Area pe: Exit Gas Density
e Pe V: Gas Volume S.: Exit Area
m: Gas Mass U,: Exit Velocity
U, =a ( 1 7) T: Gas Temperature M,: Exit Mach No.
e e C,: Specific Heat a.: Exit Gas Sonic Velocity
(Volume Const)
C,: Specific Heat
(Volume Const)
SPACE J/WALKER 69
55% FDC/415t ANSS [ Y 73— ERNRN—R 7L — > DER ERI LR RTREEIZ DU T/ A
I

Top-view

ooy,
H
3

“ONss »

Caster

70

This document is provided by JAXA.



60 FHIMZEIFIE B AR R B B JAXA-SP-23-009

550 FDC/41t ANSS | ¥ 74— EXNIN—Z L — > DERFHI G R R ERFREIZ DL T @
B Drop Test

W %252 kgf

SPACE J/WALKER 71

55t FDC/41t ANSS [ HT7F —ERIRN—X 7L — > DEF R LR EE DT/

Thanks
for Your attention |

Y, g
P~
&

= 4
'

,r,ﬁ

1 = “I_-'..I

Space Systems Lab. https://space-systems.me.noda.tus.ac.jp/en/
SPACE WALKER Inc. (https://www.space-walker.co.jp)

SPACE / WALKER 712

This document is provided by JAXA.





