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National Aeronautics and Space Administration

Outline

•NASA
•Air Force Research Lab (AFRL) ceramics research
• JHTO (Joint Hypersonic Transition Office)
•BOLT (Boundary Layer Transition) flight experiment
• Stratolaunch Talon A
• Sierra Space Dream Chaser
•US Air Force collaborations

Distribution A.  Approved for public release.  Distribution unlimited. 2



National Aeronautics and Space Administration

Enable Routine, Reusable, Airbreathing Hypersonic Flight

*Mach 2-5 cruise vs subsonic3 Distribution A.  Approved for public release.  Distribution unlimited. 3



National Aeronautics and Space Administration

Research Topic 1.1 (RT-1.1): Multidisciplinary 
Design/Optimization and Uncertainty Quantification 
(MDAO & UQ)

RT-1.2: Fluid-Thermal-Structural Interaction (FTSI)

RT-1.3: Power and Thermal Management Systems 
(PTMS)

RT-1.4: Vehicle Design

RT-1.5: Aerosciences Capability Development

RT-1.6: Design Fidelity Enhancement

RT-1: System Level Design, Analysis, and Validation

Design and analyze civil-relevant reference vehicles and inform programmatic decision-making

Vehicle analysis

UQ results

Reference vehicle designs

Tool 
development
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RT-2.1: Enhanced Injection and Mixing

RT-2.2: VULCAN-CFD Development

RT-2.4: Advanced Pressure Sensors for Adaptive Controls 
and Health Monitoring

RT-2.6: Isolator Dynamics Research Lab (IDRL)

RT-2.8: Turboramjet Technology Development

RT-2.9: Aether Subscale Ground Test Propulsion Database 
Development

RT-2: Propulsion Technologies

Maturing airbreathing propulsion technologies necessary for  hypersonic TBCC vehicles

Injectors for 
enhanced 

mixing

TBCC Tech Dev

High Mach (M2.5-M3.5) 
bleed research

VULCAN CFD

Advanced sensors
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RT-3.1: Flight Testing / Program Support

RT-3.2: Boundary Layer Transition Validation and 
Computational Tools

RT-3.3: Fluid-Structure Interaction

RT-3.4: Shock-Shock/Shock-Boundary Layer Interactions

RT-3.5: Flow Control Applications

RT-3: Vehicle Technologies

Foster development of tools and technologies from fundamental to applied hypersonic vehicles

Swept Fin Cone Study in the 
20-Inch Mach 6 Tunnel

Concave surfaces

Swept 
leading edges

BOLT

BOLT II

BL Transition
Predicted

Measured

Swept Fin Cone Study in the 
20-Inch Mach 6 Tunnel
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RT-4: High Temperature, Durable Materials

Provide demonstrated high temperature material and component solutions/ data/ lessons learned to enable 
reusable hypersonic vehicles

Seal dev & test 
capabilities

CMC HEX
RT-4.1: Ceramic Matrix Composite (CMC) Heat Exchanger (HEX)

RT-4.2: High Temperature Seals

RT-4.4: Additive Manufacturing (AM) for Hypersonic Engines 

RT-4.5: High-Temperature Fiber Optic Sensors

RT-4.6: Materials and Structures for Hypersonic Airframe 
Components

RT-4.7: Materials and Structures for Hypersonic Propulsion 
Components

CMC HEX

Seal 
development & 
test capabilities

Ceramic 
spring

Fiber optic sensors

AM nozzle prototype
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Scientifically Calibrated in Flight Imagery (SCIFLI)
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Summary of NASA Activities

• NASA hypersonic investments are 
addressing major technical barriers
• System analysis and uncertainty 

quantification
• Propulsion technologies
• Fundamental aerothermodynamic 

research
• High temperature materials

• Strong partnerships and workforce 
development

Working to enable routine, reusable, hypersonic flight
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AFRL Ceramic Materials and Processes Research

Develop, understand, and deliver ceramic technologies to enable future aerospace systems

Technical Thrust Areas
• CMC Constituent Development

̶ Novel precursors
̶ High-temperature matrices
̶ Coatings
̶ Process modeling

• Environmental Effects on CMCs
̶ Degradation at constituent level
̶ Simulated service environment

• Exploratory M&P
̶ Additive manufacturing
̶ Multifunctional ceramics
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(UCAH)

FFRDC (Federally Funded Research and 
Development Center)

UARC (University Applied Research Center)
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Boundary Layer Transition (BOLT)

• The Boundary Layer Transition (BOLT) flight experiment research effort seeks to 
advance scientific knowledge of boundary-layer physics in the hypersonic regime
• Research prioritizes diverse teams including academia, a university affiliated 

research center, government, industry, and international partners
• Though the first BOLT flight experiment did not achieve the desired experimental 

conditions, it did result in:
• New experimental databases at ground conditions
• New computational tool development for complicated hypersonic flows
• Re-discovery of flight dynamics physics issues for asymmetric vehicles
• Significant new workforce development through the inclusion of students in the program

• A repeat of the flight experiment (BOLT-1B) is planned for 2024 in Australia
• BOLT-1B experiment will occur at Koonibba Test Range enabling potential payload recovery

Distribution A.  Approved for public release.  Distribution unlimited. 14



BOLT-1B Flight Research Vehicle

Transition Support Module (TSM) 
New contoured design with flexible ballast 
scheme

Cold Gas System Module (CGSM), Attitude 
Control System Modules (ACSM), Recovery 
Module
Provided by DLR MORABA

Black Brant VC Mk IV Motor
Provides Mach ~7 ascent phase 
experiment conditions with only a 
single stage configuration

BOLT-1B Flight Geometry
(length 0.866 m) 

Payload Support Module (PSM) 
Similar to BOLT-1 design
(APL to design and fabricate to AFRL/RQ 
specifications)

Distribution A.  Approved for public release.  Distribution unlimited. 15



Vandenberg  Space Force 
Base

Mojave Air & Space Port

Wing Leading Edge Material ExperimentsInlet Flow-Path Experiment

Nose Cone 
Hotspot 
Test Location

Rudder Extension 
Experiment

Payload Access

• Hypersonic testing and re-testing of hardware
• Onboard telemetry, data acquisition, and onboard 

power for experiments 
• Payload recovery for customer analysis

Engine Tests and Swaps

Stratolaunch Talon A Mission
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Wings fold 
inside fairing

15+ Missions per Spaceplane – Highly Reusable

90 Day Cycle for Re-Flight

1.5 G Force Upon Re-Entry

6+ Tons of Capacity for Pressurized and Unpressurized Cargo

CARGO  DREAM  CHASER
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US Air Force International Collaborations

• Basic sciences – AFOSR investing world-wide (BOLT)
• SCIFIRE (Southern Cross Integrated Flight Research Experiment )
• Collaborative S&T for air-breathing hypersonic systems

• AUKUS (Australia, United Kingdom, and United States) Pillar 2
• Developing a collaborative S&T project for future hypersonics

• NATO (North Atlantic Treaty Organization)
• Multiple efforts in hypersonics and defense against hypersonics

• Early discussions with multiple European and Asian partners
• Collaboration on applied technology for future capabilities
• Collaboration on instrumentation, diagnostics, and controls for ground test 

facilities
• Joint utilization of unique RDT&E infrastructure
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Concluding Remarks

•Significant US efforts in hypersonics R&D
• NASA
• Air Force Research Lab (AFRL) ceramics research
• JHTO (Joint Hypersonic Transition Office)
• BOLT (Boundary Layer Transition) flight experiment
• Stratolaunch Talon A
• Sierra Space Dream Chaser 
• US Air Force Collaborations
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