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ATLA's Effort on Early Deployment of Scramjet-powered Hypersonic Weapon
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Hypersonic weapon can fly at hypersonic speed (over Mach 5, 100 km/min) with in-flight maneuverability.
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What is hypersonic weapon?
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HNRLESE
(Scramjet-powered Hypersonic Weapon, SHW)
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(Hypersonic Glide Vehicle, HGV)
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After boost phase using rocket motor, vehicle is powered by scramjet engine and
sustains its speed with horizontal maneuverability.

EHAM

Vertical
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KEFRICHIEZERE Powered flight

Horizontal maneuver

KEFE

Horizontal

al-news/2021/05/russias-
tsirkon hyp sonic-missile-to-start-state-trials-in-june/

» Zircon(A<,7) zircon, Russia
o BELRHGE  Sea-launched
- 20224E5 A IS5 RERE R

Flight test in May 2022

http Ilwww navalnews.

> HAWC(%I&) HAWC, U.S.
o ZrhREE  Air-launched
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Flight test in July 2022
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After boost phase using rocket motor, vehicle glides with vertical/horizontal
maneuverability decreasing its speed gradually.
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Vertical/horizontal maneuver

EEAM

Vertical
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Horizontal
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What is scramjet engine?
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In scramjet engine, hypersonic air flow is compressed and decelerated to supersonic by inlet, fuel is injected into supersonic airflow,

*Ejj jé éI/ p/ mixed with air, and burn in combustor.
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Air compression by oblique shock waves Fuel injection into compressed supersonic air flow,
fuel-air mixing, and combustion \_/
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Scramjet powered Hypersonic Weapon, SHW
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- SHW is capable of hypersenic flight and.in-flight
Eﬁm LJ:" = maneuverability resulting in unpredictable

E.L E g E trajectory. -
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Hypersonic vehicle
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\ Solid rocket motor
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Consequently, SHW can survive interception by surface-to-air
missile at a higher rate than conventional cruise missile.
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Game-changing, advanced missile
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https://youtu.be/6ttpixOZjtc
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Research on major components of SHW (JFY2019 — JFY2025, ongoing)

2.

¥ Defense Technology Symposium 2022

Bhfdidslmrikifi s VRO D L2022

B SHWORR[CHALGHERRIMTDEFD=OHDHMRERTEF

ATLA have been working on research to acquire two major component technologies needed for hypersonic vehicle of SHW since JFY20109.
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Principal objective of this research is demonstration of scramjet engine system using ground test facility.
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Scramjet engine technologies
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Jet fuel is absolutely necessary for
simplicity of operation at room temp.
and compact vehicle. High combustion

*ﬁ%ﬁi?ﬁffﬁi efficiency of jet fuel at hypersonic flight
Airframe technologies ~ condition is required for vehicle.
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Airframe configuration/geometry to enable
efficient hypersonic flight
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Heat-resistant material/structure to protect
vehicle from high aerodynamic heating
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Airframe
technologies
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Scramjet engine technologies
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Characteristics of scramjet engine
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Total pressure loss associated with compression and
deceleration of air flow by inlet should be minimized
so that engine generates sufficient thrust at
hypersonic flight condition. Consequently, heat
addition to supersonic gas flow occurs in combustion
chamber.
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Since residence time of gas flow in combustor is

short (less than 1 ms), fuel injected into combustor
should be mixed with air and burn quickly.
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Enhanced capability of ignition and flame
holding by longer residence time due to gas
flow recirculation

Air flow _ — 7
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Inlet (cowl side)

JBE&{RHE Enhancement of fuel-air mixing
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Advanced fuel injection method to enhance
fuel-air mixing
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How to overcome technical barrier of scramjet engine
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Focused on scramjet engine

Nozzle
Combustor

Isolator

PR¥IS b  Fuel gasification
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Enhancement of combustion by injecting
gasified jet fuel heated by regenerative
cooling of scramjet engine
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Test-firing of scramjet engine using ground test facility (1/2)
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Combustion characteristics of designed scramjet engine were evaluated using ground test facility which can simulate hypersonic flight condition.
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Test data were used for feasibility study of hypersonic vehicle of SHW and improving combustion performance prediction model.
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Setup of test-firing (free-jet configuration)
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Test-firing of scramjet engine using ground test facility (2/2) JSASS-2022-0067, 202243 A.
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https://youtu.be/Bvn-F5uSRlY
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ATLA Airframe configuration/geometry of hypersonic vehicle of SHW
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Airframe design in terms of efficient component arrangement for volume-limited application and long-range/duration hypersonic flight capability

Heat-resistant structure design o EeEEE

Outer surface MEELS Control surface
structure structure
SRS
Nose structure \ IR VIEE

ﬁﬁiﬁﬂﬁiﬁ e Nozzle structure
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Baseline airframe of hypersonic vehicle of SHW
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Inlet structure W

Space for payload (seeker, battery, autopilot,
inertial navigation system, warhead, etc.)
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___ system
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Design iteration i
On-board component arrangement Aerodynamic
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Wind tunnel test of hypersonic vehicle of SHW
ense Technology Symposium 2022 Pl oRoH L2022
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Aerodynamic characteristics of designed airframe were evaluated.
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Test data were used for feasibility study of hypersonic vehicle of SHW and improving CFD model.
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personic wind tunnel of JAXA

+wyhFwFS Setup of wind tunnel test BRI EREAEIR IR  Video of wind tunnel test

Angle of attack ¥fH: 0 deg = -10 deg = -5 deg => 0 deg = 5 deg = 10 deg => 0 deg 10



https://youtu.be/OFCsQhWrt0E
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Feasibility study of hypersonic vehicle of SHW

Bhfdidslmrikifi s VRO D L2022

e Technology Symposium 2022

ERETRETHZKY RUSLD VNI VD UNEHNZEREL. SHWDBE T ERL LK
Feasibility study of hypersonic vehicle of SHW reflecting results of component tests have shown that scramjet
engine can generate thrust greater than drag and hypersonic can fly in expected speed range.

Thrust estimation
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Engine
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ﬁﬂij-%)ﬁj]&%l'l Thrust generated _by_ scramjet engine was estimated using CFD and
performance prediction model validated through component tests.
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Ly MERESTE Combustion performance was Nozzle performance was

estimated using CFD.

estimated using combustor model

Inlet performance was
validated through test firings.

estimated using CFD validated
through wind tunnel test.
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Drag estimation
EnEHE
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Airframe
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Drag acting on hypersonic vehicle was estimated
using CFD validated through wind tunnel test

Scramjet engine can generate thrust
greater than drag acting on
hypersonic vehicle
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Development of SHW (JFY2019 — JFY2025,
approx. 185.7B yen)
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Present status and outlook of SHW R&D in ATLA
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Flight demonstration of SHW {
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—— Output of other
= = = programs and
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existing technolqggies

SHW development will : o
SHWIL R T L complete in 8FY2031 Seeker Warhead Rocket motor will be utilized
SHW system -
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Scramjet engine 4 0) ﬁb&?%ﬁﬁ@ EJE LEEE@
system — > Feasibility of hypersonic vehicle of SHW have been confirmed.
ik B SHWERBEFTOHRRRZERBRL,
(i 441 24 - RIS & 2 E0) SHSEEICSHWOHEIZEF
g ) T v Airframe (heat-resistant Therefore, ATLA will start development of SHW in JFY2023.
o material/structure included) .
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by cooling system -
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Inlet & Z > 5] 7'(-/ ATLA will utilize output of other programs and existing
combustor A Present status technologies to full for SHW development for early deployment.
/ ¥ Research on major
Combustor "\ components of SHW
Regenerative cooling SHW;%HWG)E}% (JFY2019 — JFY2025,
Inlet %Hﬁ%téﬁg) channel (overall) EiE - SMix~756E approx. 16.2B yen)
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Fuel supply system
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Scramjet engine
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Scramjet engine and
airframe (heat-resistant
material/structure included)
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