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What’s all the Hype?
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Media Coverage Underscores Growing Awareness of the Challenge

“China's most recent successful test of a nuclear-capable hypersonic 

missile has shaken American military officials and politicians, putting a 

fresh focus on America's own hypersonic programs which appear—at least 

publicly—to lag those in Russia and China.” - Newsweek

“The Russian navy is getting hypersonic missiles in 2022 in a bid to 

outpace Washington in the next missile race…Beijing’s FOBS delivery 

system could provoke an arms race—or a more stable deterrence 

relationship.” - Foreign Policy Magazine

“The push towards hypersonic military technologies has never been as 

pronounced as it is now. After years of being on the fringe, the capability is 

now receiving major pushes from the Pentagon, the U.S. Congress — and 

potential adversary nations.” – National Defense
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Hypersonic Weapon Systems Are a National Security Imperative

» Hypersonic demonstrations by China and Russia have 

emphasized a national security mandate for the United 

States and its allies.

» To address this imperative, the Department of Defense 

(DOD) has stated that the U.S. will deliver hypersonic 

strike capability to its warfighters in the early- to mid-

2020s, as well as a layered-hypersonic defense capability.

Pictured Above: Chinese DF-17 and Russian 3M22 Zircon

“What we saw [from China] was a very significant event 

of a test of a hypersonic weapon system. And it is very 

concerning…

close to a Sputnik moment.”

General Mark Milley

Chairman of the Joint Chiefs of Staff

“Hypersonic technology needs to be cost-effective and 

mixed with other systems to be a useful tool in the Air 

Force's arsenal.”

The Honorable Frank Kendall

Secretary of the Air Force
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The Threat – the Ability to Flight Test

» China has flown 60+ hypersonic flight tests over the 

last two years – averaging one flight every two weeks.

» Chinese and Russian hypersonic flight-testing pace 

prompted the U.S. to initiate several prototyping efforts 

– HAWC, TBG, ARRW, LRHW, CPS

» The U.S. 50% flight-test success rate, low pace of 

testing,  and lack of formalized CONOPS will not deter 

China or Russia.

“[The U.S.] has conducted nine hypersonic tests in the 

last five years, while the Chinese have done hundreds.

Single digits versus hundreds is not a good place. Now it 

doesn't mean that we're not moving fast in the 

development process of hypersonics, what it does tell you 

is that our approach to development is fundamentally 

different."

General John E. Hyten

Vice Chairman of the Joint Chiefs of Staff
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What is Hypersonic Flight?

» Flight greater than Mach 5?

– Ballistic missiles reenter at numbers above 

Mach 20

– The Space Shuttle reentered at Mach 25

– The Orion Spacecraft reentered at Mach 30

» The reentry vehicles quickly decelerate at high 

altitudes

» They required thermal protective systems to 

survive the harsh reentry environment

» They generate plasmas which block radio 

communications

» Is this what we mean by hypersonic flight?
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Mach Number

Zone of Action Zone of Silence

Mach Cone

Zone of Action
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Mach Regimes
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Shock Waves
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Hypersonic Weapons

Breaking the Heat Barrier!
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Hypersonic Flow Features



Historical Perspective
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1959-1968 X-15
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1966-1967 Precision Recovery Including Maneuvering entry (PRIME)
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1979-1981 Advanced Maneuvering Reentry Vehicle (AMaRV)
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X-43A (Hyper-X)
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2010-2013 X-51A Wave-rider
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2011 Advanced Hypersonic Weapon
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2021 Hypersonic Airbreathing Weapon Concept (HAWC)



Hypersonic Aerothermodynamics
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Hypersonic Flow Characteristics
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Thin Shock Layers
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Entropy Layer
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Viscous Interaction
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Quantifying Viscous Interaction
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Newtonian Flow
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Modified Newtonian Flow
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Comparison of Modified Newtonian Law with Computational Fluid Dynamics

Ref: Anderson, Fundamentals of Aerodynamics, Figure 10.10. Surface-pressure distribution on an 

axisymmetric body of parabolic shape, M=4.
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Mach Number Independence Principle

Ref: Anderson, Fundamentals of Aerodynamics, Figure 14.13.Comparison between Newtonian and exact results for the 

pressure coefficient on a sharp wedge and a sharp cone.
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Mach Number Independence Principle

Ref: Anderson, Fundamentals of Aerodynamics, Figure 14.14.  Drag Coefficient for a sphere and a cone cylinder from 

ballistic range measurements.
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Hypersonic Flow over a Flat Plate

Ref: Anderson, 

Hypersonic and High 

Temperature Gas 

Dynamics, Fig. 3.6, 

Newtonian results for a 

flat plate as a function of 

angle of attack.
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Directional Stability
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X-15 Vertical Tail
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1950’s Hypersonic Challenge
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Estimating Heat Flux
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Estimating Heat Flux
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Pete Knight’s Mach 6.7 Flight in the X-15A-2

B-52 

External fuel 

tanks Hypersonic research 

engine model 

X-15A-2

As a point of reference, the entire

output of a moderate-size nuclear

power plant would be required to

provide this heating rate to a 1-m2

piece of material.

van Wie et al

If there had been any question that the

airplane was going to come back in that

shape, we never would have flown it.

Jack Kolf

X-15 Project Engineer

Ramjet
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High Temperature Effects



Design Considerations
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Design Challenges



42 |   Stratolaunch LLC Approved for Public Release

Systems Engineering Approach

Requirements 

Definition

Mission 

Definition

Wind Tunnel

Arc Jet

Propulsion Test 

Stand

Structures and 

Materials

Hardware in the 

Loop

Ground Test

Reduce Uncertainties

Captive Carry

Free Flight

Flight Test

Throughout the design 

process, we need to ask

• Does the design close?

• Do we need to modify 

the requirements?

• Do we need to modify 

the mission?

Aerodynamics

Propulsion

Thermal 

Protection 

System

Stability and 

Control

Structures and 

Materials

Geometry and Mass 

Properties (Shape, 

Size)

Analytical
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Propulsion

Advantage

Spillage drag Axisymmetric

Bleed drag Axisymmetric

Wetted area/corner flow Axisymmetric

Angle of attack sensitivity 2-D Planer

Airflow capability with variable geometry 2-D Planer

Mechanization for variable geometry Axisymmetric

Leakage and spilling Axisymmetric

Reentry closure 2-D Planer
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Vehicle Shape

» Physics drives the vehicle shapes

– Liquid rocket-powered vehicles can be cylindrical, 

although a low drag profile can be used

▪ Fins sufficient for control.

▪ A wing is needed for a reusability.

– Boost-glide vehicles use a solid rocket motor for 

acceleration and have a low drag profile

▪ Von Karman ogives provide the lowest drag profile at 

hypersonic speeds.

▪ The bottom of the vehicle is usually flat, giving these 

vehicles a wedge shape.

– Air breathing vehicles are tightly integrated with the 

propulsion system

▪ The forebody of the vehicle is also the engine inlet

▪ The aft body of the vehicle is also the nozzle

▪ Requires a rocket to get to scramjet start box
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Critical design issues for a hypersonic air-breathing aircraft

Integrated design of the propulsion system and the airframe is critical with hypersonic vehicles
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Aerodynamics
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Stability and Control
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Ground Test

» Infrastructure upgrades provide opportunities to 

reduce flight test risks

– Aerodynamic performance

– Static Stability

– Store Separation

– Vehicle Staging

– Flutter and Aeroelastic

– Inlet Performance

– Material Sampling

– Thermal Mapping

– Shroud Separation
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Ground Test Limitations

» Wind tunnels test around the boundaries of the hypersonic environment

» No single ground-test facility can fully simulate all aspects of hypersonic flight.

– Flow duration, velocity, gas chemistry effects, Mach number, altitude or Reynolds number, model surface 

temperature, ablation effects, and the quality of the freestream flow cannot be controlled simultaneously 

in any single facility, if at all. 

– Nearly all tunnels suffer from noise levels much higher than flight. 

– All tunnels simulating gas chemistry effects also have freestream chemistry contaminants. 

» Tunnel time and scheduling are a challenge

– Tens of thousands of dollars per hour in government tunnels

– Years-long backlog and growing

– Von Karman Facility Tunnel A (VKF-A) at the Arnold Engineering Development Center (AEDC) has a 3.5 

year wait

“Ground test simulations are an exercise in the art of combining partial simulations each having 

different advantages and disadvantages.”

Steven P. Schneider

Hypersonic and Hypervelocity Ground Test Facilities: A Brief Informal Summary; 2007
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Flight Test

» Options are limited and typically expensive

» Sounding rockets can get to the necessary speeds 

but typically do not fly operationally relevant 

trajectories

» Air-launch provides more operationally relevant 

trajectories, but usually at an increased cost over 

sounding rockets

» The B-52H is the typical threshold platform for 

hypersonic weapons

▪ Undergoing engine modifications, radar, and 

electronic warfare upgrades

▪ Multiple conventional programs

▪ Limited number of B-52Hs dedicated to flight test

» Other low-cost options are needed to increase the 

frequency of flight test
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Questions?


