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Abstract

Aerospace plays a key role in the United States'
economy and national security. The recent Gulf
War is a good example of the importance of aero-
space systems. In the commercial sector, air travel
continues to thrive. Aerospace technology and sys-
tems development capabilities existing in the
United States today can be linked to the significant
infrastructure investments between 1945 to 1975.
These investments were made not only for sub-
sonic and supersonic research and development,
but also for a test and evaluation (T&E) infrastruc-
ture. This infrastructure consisted of wind tunnels,
propulsion test cells, and trained personnel to
operate them. These facilities have been crucial for
reducing technical risk during the system develop-
ment process. By identifying design problems early
in the development cycle, huge costs for redesign
or fixes have been avoided. Aerospace, no doubt,
has played a significant role in the United States
becoming a "Super Power."

Aerospace systems development will continue
to play a key role in the 215! century. The desire to
get to a target quicker (global engagement) and
take payloads into space cheaper is now driving us
towards the need for hypersonic systems. These
hypersonic systems, like the subsonic and super-
sonic systems of the present, will require wind tun-
nels and propulsion test facilities to reduce devel-
opment risk. The technical and financial challenges
in acquiring and sustaining future hypersonic T&E
facilities are impacted by the current environment
of downsizing, partnering, and privatizing. This
paper will address the system requirements that
are driving us towards hypersonic systems and the
issues associated with building hypersonic wind
tunnels or aeropropulsion T&E facilities suitable for
system development.

*  Member, AlAA.

This paper is declared a work of the U. S. government and
not subject to copyright protection in the United States.

Introduction

For more than 30 years, this country has
invested in several programs attempting to develop
air-breathing hypersonic vehicles. However, in
general these programs have been ‘research
efforts and technology demonstrations. The most
ambitious program was the DoD/NASA National
Aerospace Plane (NASP) program of the 1980’s.
The goal of this program was to achieve orbital
flight with a single stage for airplane-like opera-
tions.! This was the most prominent hypersonic
program in this country during that time. Although
the program produced a number of significant tech-
nological advances, the NASP never reached frui-
tion in part due to the lack of adequate tools. How-
ever, we learned enough from these previous
hypersonic programs that many feel that we can
now develop a small hypersonic vehicle powered
by an air-breathing propulsion system for Mach 8
flight. Some even suggest that Mach 10 is attain-
able in the near future.

At least two programs are developing Mach 8
missile-size scramjet systems under DoD sponsor-
ship. These programs are the AFRL Hypersonic
Technology Program (HyTech)2 and the DARPA
Affordable Rapid Response Missile Demonstrator
(ARRMD).2 Both programs are aimed at develop-
ing a scramjet engine that burns hydrocarbon fuel*
for flight line-type operations. NASA is also devel-
oping scarmjet propulsion systems, but that
agency is concentrating its efforts on hydrogen-
fueled systems. The government and industry are
also involved in developing space lift systems, and
air-breathing propulsion may play a role in some of
these systems.

These hypersonic propulsion technology pro-
grams and the need for fast response weapon sys-
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tems to kill time-critical targets place a new, stron-
. ger emphasis on hypersonics. In addition, several
national studies®® provide credibility for develop-
ing adequate ground testing capabilities to mitigate
the risk in developing hypersonic systems.

Unfortunately, current ground test capabilities
are not available for developing air-breathing pro-
pulsion systems that will fly at Mach 8 or greater.
This paper will describe a few of the systems that
will challenge our ability to adequately develop
hypersonic air-breathing systems with the existing
T&E infrastructure. The paper will discuss existing
ground test capabilities, gaps in the existing T&E
infrastructure, and some of the ongoing efforts to
mitigate these shortfalls. In addition, the paper will
discuss some issues associated with building
hypersonic wind tunnels in the current environment
of reducing T&E infrastructure by about 25 percent.

Hypersonic System Requirements

A number of futuristic systems have been iden-
tified in the literature, such as the Air Force’s New
World Vistas study.” These are manned and
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opment program in the near term. However, in plan-
ning for a new wind tunnel that takes 10 to 20 years
to build, all the potential futures must be considered
in its development. Figure 1 shows that major facil-
ity acquisition time at the Arnold Engineering Devel-
opment Center (AEDC) is very long. This figure
shows that a new wind tunnel takes an average of
11 years to build. Therefore, the facility acquisition
must precede a weapon development program by
several years, prior to Phase 0. Hence, the futuristic
systems that are only in the minds of the visionaries
must also be included in the facility development
plan.

Once the systems are defined, the T&E capabil-
ities required to support their development can be
defined. This is done by performing a gap analysis
where the existing capabilities are compared with
the T&E capabilities required. The process is
shown in Fig. 2. In this process, the system
requirements information is gathered from studies,
long-range planning documents, and mission need
statements. The system requirements, along with
the mission information, will identify the types of
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applications beyond the Mach 8 missile, such
as access to space. Rocket propulsion is cur-
rently the only logical means of providing space
lift;"! however, hypersonic air-breathing propulsion
still holds an interest for these systems in the
future.

These futuristic concepts are visionary ideas
with research being done only for demonstrating
the technology. None of these concepts are real
system development programs with sufficient fund-
ing to produce a weapon system. The hypersonic
air-breathing propulsion missile is the only potential
concept that might evolve into a real weapon devel-

Fig. 1. Major AEDC test facility acquisition time.

&um/.) Sys Reqmnts Identily I gustems
Sources < Alt Vs. Mach | Determine ~_| « Aircraft
+ MNS «Alt Vs, Time « Missiles
« MAPs .
« TAPs Type of Test Analysis
» AF2025 + Aerothermodynamics \
+ NW Vistas + Aero-optics
+ Etc. + Jet Interaction Facility Requirements
Customer Needs * Propulsion * M-, P-, Temp Range
i . Then:mostructurcs » Run Time
« Staging » Size & Flow Quality

+ Productivity
+ Measurement Capab.
» Cost of Testing

Fig. 2. Process to determine test facility
requirements.
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testing that will be required. An analysis of the sys-
tem requirements and the types of testing required
to evaluate the system will lead to identification of
the test parameters that must be duplicated on the
ground. These required test parameters (e.g.,
Mach number, thermodynamics, flow path size,
facility run time, etc.) can then be compared to the
existing T&E capabilities to identify the gap or
shortfall.

The systems will be divided into three types or
classes of vehicles. They are tactical missiles,%°
interdiction/reconnaissance vehicles (manned and
unmanned), and fully reusable space lift vehicles
(also manned and unmanned).’!

Typical tactical missile concepts are the
ARRMD and HyTech. Of course, HyTech is not a
flying system. However, this technology would pro-
vide the basis for a future tactical missile. These
missile concepts are for a system to be launched
from an aircraft and cruise at Mach 6-8. The weight
of these systems must be in the weight range for
bomber rotary launchers and fighter aircraft under-
carriage installations. These would be fixed-geom-
etry scramjet propulsion systems with endothermic
hydrocarbon fuels. The range of these missiles is
from approximately 800 to 1,200 nm.®

Future tactical missile systems may include
larger air-launched guided vehicles. These sys-
tems may fly at Mach 10-12 and would have a
range similar to the Mach 8 systems. A typical tac-
tical missile mission profile is shown in Fig. 3.2 The
smaller missile system would likely be used on
time-critical targets, whereas the larger missile sys-
tem may have a similar mission profile, but for
hardened targets.

Interdiction/reconnaissance-type vehicles are
discussed in New World Vistas.” These systems

a

Mach 6 - 10

Altitude

k—ﬂ

Mach 0.7-0.9
Launch

Target

>
L

Range
Fig. 3. Typical hypersonic missile mission profile.
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may be manned or unmanned and cruise at Mach
4-10. The systems that would cruise at the lower
Mach numbers will likely be powered by air-breath-
ing engines burning conventional JP fuels (endot-
hermic hydrocarbon). However, liquid hydrogen
fuels will likely power the systems that cruise at
Mach 10.

The X-30 is a space launch vehicle concept
(Fig. 4) suitable for assessing test facility require-
ments. This single-stage-to-orbit (SSTO) concept
and other follow-on derivatives continue to be eval-
uated. These systems are powered by very compli-
cated propulsion systems using rockets, ramjets,
and scramjets. A number of simpler two-stage-to
orbit (TSTO) launch vehicles have also been stud-
ied over the years. However, the role of air-breath-
ing propulsion systems for space launch is not
clear. Rocket propulsion systems will likely con-
tinue to be the power of choice for these systems
for the next 10-20 years. However, the test facility
requirements for a future hypersonic wind tunnel
must include these systems, since the acquisition
time is very long.

The United States is not the only country inter-
ested in developing hypersonic vehicles. Hyper-
sonic system development and research programs
are also in progress in Japan, France, Germany,
the United Kingdom, and Russia. Many of these
countries are investing in their hypersonic test
capabilities to support the programs. Therefore, the
United States must invest in technology and
ground test infrastructure to remain a world leader
in hypersonics.

Fig. 4. Space launch vehicle concepts (X-30).

Hypersonic Test Requirements

The components of a typical assymetric hyper-
sonic aeropropulsion system are shown in Fig. 5.
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¢ Inlet s Afterbody
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Fuel Injection Stages —7\
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* Inlet distortion (steady state & transient)
* Flight transients (maneuvers/atmospheric)

* Nozzle instabilities

-’M/

» Thermal management

Aeropropulsion system durability entails

Inlet Isolator 'Combustor Nozzle

Fig. 5. Hypersonic aeropropulsion system components.

Development of the aeropropulsion system is
accomplished by testing the individual compo-
nents, multiple components, and the integrated
system. Several different facilities are typically
used in the development of these individual compo-
nents. For example, the inlet may be tested in wind
tunnels where true temperature conditions are not
provided. However, true temperature conditions
will be required for developing the combustor and
associated combustion system (e.g., fuel injection
stages). Aerothermodynamic flight simulation
capabilities (encompassing aerodynamics, aero-
heating, fluid dynamics, and physical processes)'?
are essential for development of advanced hyper-
sonic systems. A developmental hypersonic
ground test capability must be able to evaluate the
integrated aeropropulsion system performance,
operability, and durability. This is the most
demanding requirement for a wind tunnel.

Aeropropulsion system performance entails
measuring/assessing:

e Net thrust,
impulse

specific thrust, and specific

* Net lift and moments

measuring/assessing:

¢ Temperature limits

» Thermal stresses and gradients
+ Acoustic loads

* Mechanical stresses

* Joints, fittings, attachments, etc.
e Laminated material layers

The aeropropulsion test requirements are
shown in Fig. 6. This chart shows the types of tests
required and the needed capability to do hyper-
sonic aeropropulsion testing on the forecasted
weapon systems/programs. The near term is a 5-
to 7-yr time frame. Mid term is ten years following
the near term. Long term is for a time frame of 17+
years. These types of tests are usually done in pro-
pulsion cells that simulate true flight conditions
(Mach number, pressure, and temperature) and
are typically conducted on a full-scale model or
even flight capable equipment. Typical measure-
ments are thrust, engine internal pressures
(dynamic and static),and temperatures. The stress-
ing requirements are size, run time of the facilities,
high Mach numbers and the quality of the flow (in
the process of providing the correct conditions in
the test cell, sometimes the air properties are
changed where the propulsion simulation is not
valid).

* Mass capture

* Thermal balance

Aeropropulsion system operability entails

measuring/assessing:

« Off-design operation

» Inlet starts, unstarts, and instabilities

¢ Lightoff and blowout

* Combustion stability and control

* Fuel control

| »  Performance

. Operabihty

Types of Tests APTU
: Ducted
- Integrated Engine Performance Rocked
~ Integrated Vehicle Perl'ormnnee Test
. Staging of Boester ~ Altitude Start Needed Capability

- Endothermic Fuels ~ Transmom
- Controllability ~ Missic Cycle

PARAMETER\TERM| NEAR

MID

FAR

~ Off-Design Operation .
— Propulsion/Airframe lntegmhon

-+ -Durability

MACH NUMBER <80

ALTITUDE (ft) 70-120K

s10.0
70-140K

S$16.0
LEO

~ Sustained Ignition/Comb
FACILITY SIZE |2150t L | 215ft L] 2I5ft L
50% Blkg | 50% Blkg | 50% Blkg
- Mission Cycle Suitability RUN TIME 510min | 5-10min | ? minutes
~ Structural Durability ‘ FLOW QUALITY v v v
-~ Flight Weight Hardware . | prODUCTIVITY v v v

Fig. 6. Aeropropulsion test requirements.
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The aeropropulsion test capability -
gaps are shown in Fig. 7. AEDC’s
hypersonic aeropropulsion capability
consists of the Aerodynamic and Pro-
pulsion Test Unit (APTU) with a
planned upgrade. This facility is
unique because of its large size, long
run time, and fuel handling capability.
It has supported past hypersonic pro-
pulsion research programs and the
development of weapon systems that
used its structures/structural dynamics
capability. AEDC works closely with
NASA and their counterpart facilities
under a recent memorandum of
agreement (MOA) to cooperate on tech-
nology, investment planning, and process
standardization. There are serious gaps in
the capability to meet hypersonic aeropro-
pulsion test requirements with the current
national capabilities. For tactical missile
systems that fly up to Mach 8 the APTU
needs upgrading to provide higher Mach
number and longer run times. There is no
capability to test aircraft scale engines at
hypersonic Mach numbers. Also, there is
no capability to test missile or aircraft
scale engines at Mach numbers greater
than 8. Gaps in test techniques for endot-
hermic fuels and total system assessment
exist, a sign that it is not able to meet the
needs of the development community.

SRR

The hypersonic aerothermodynam
requirements are shown in Fig. 8. Thi

shows the types of tests required and the

capability to do hypersonic aerothermody-
namic testing on the forecasted weapon
systems/programs. These types of tests
are usually done in perfect/real gas wind
tunnels that simulate the correct Mach
number and Reynolds number/pressure
altitude, but do not simulate the true tem-
perature. Typical measurements are force
and moment, pressure (dynamic and
static), heat transfer, vehicle motion, flow-
field characteristics, etc. The tests are
usually conducted on scale models of the
weapon system or subsystem.
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‘4 ‘Missile Scalc Flight Weighit HW, Higher Tcmp, Lower
= Ne Aeropropulsnon Tm Capabxhty for. A/C at MS 8 or

'« 'Endothermic Fuels Test Techmques

Large Volume Hl Press. Air Stomge, Io 10 min run tlme
. Large Test Section,’:~ 16 ft dm x40 ft length
. Aeroproy I D

Perfnrmance, Operabxhty, and Dumlnhty
- Solid propellants, Hydrocarhon, Endothermic
Cryogenic Fuels L3

Aerothermal Structures
Structural Dynamics (Flutier)

*  Ducted Rocket, HyTech, AMRAAM, NSM, ATACMS

SUPPORT AGREEMENTS:: NASA/DoD MOA ;
¥ : DoD (APTU - long duration) - NASA'(short duraﬂon)

GAP: Tactical Missiles, TMD, Airerafi
Altitude, Longer Run Times, Ms 8

= AnySystematM2 8

* Integrated System Assessment & Advanced Faclllty
Development Technology

Fig. 7. Aeropropulsion test capability/gap.

. Types of Test
«  Aerodynamic/Stability & Control
¢.. Powered Effects
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" Aero-Optics Performance
s Aerothermal Heat Transfer
«  Multiple Body Separations (CTS)
« Jet Interaction Controls

Needed Capability

PARAMETER\TERM

NEAR

MID

FAR

MACH NUMBER
FACILITY SIZE
RUN TIME
FLOW QUALITY
PRODUCTIVITY

© <160

231t D

‘} Cont.

v
v
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231t D
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v
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2151t D
Cont.

v

v

Fig. 8. Aerothermodynamic test requirements.

The hypersonic aerothermodynamic test capa-
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s figure
needed

g
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ALTITUDE KFT
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bility gaps are shown in Fig. 9. AEDC’s aerother-
modynamic capability consists of hypersonic wind
tunnels B, C, and 9 (located in White Oak, MD).

High Mach (4-16.5), High Tenix; (500- 3500R)
Large Smle'(‘t-s rtdia,), Lonu Run times

namlc Stablli(y

+ NAIG, RVAP, RSAP, NSM; THAAD, ARROW

MBQ_BI_AQKEEMENE NASA/DoD MOA
On all Wind Tunnels with 13+ft le.st sections or
nozzle dinmeter

QA& TMD, Tactical Missiles.
Jet Interaction Controls (ﬂight duplication -
temps, scales, dynamics, re
Advanced T&E Methods for

.- Advanced T&E Methods for: Aera-Opfics:.

Advanced T&E Methods for Acro Heafing

(=3
o 1

15

MACH NUMBER

‘Advanced T&E Methods for Plasnia
Aerodynamics .

Fig. 9. Aerothermodynamic test capability/gap.
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These facilities are unique for their hypersonic test
capability due to their size, flow quality, and long
run times. They have supported the development
of all the nation’s previous hypersonic systems and
continue to be used sporadically for current devel-
opments. AEDC works closely with NASA and their
counterpart facilities under a recent MOA to coop-
erate on technology, investment planning, and pro-
cess standardization. The significant gaps in capa-
bility to meet the forecasted system/pro-

AlIAA-99-0819

requirements are in larger scale projectiles at
higher velocities. These requirements could be met
with newer larger launchers in G Range, and with
development of the counter-fire capability in which
the relative velocity of two approaching projectiles
(as opposed to one approaching and one station-
ary) is used to achieve higher velocity require-
ments. Also, technology in model design, on-board
data systems, and impact diagnostics is needed.

gram test requirements are supporting

" _ o Types of Tests
Ballistic Missile Defense Organization | Imp:}:
(BMDO) with their jet interaction and aero- ~ System Performance |
optics testing and pursuing advanced T&E - Code Validation:

. Lethahty Assessment
methods. ~  Kill Probability -
. . ‘- Damage Validation Needed Capability

Impact/lethality test requirements are | . survivability PARAMETERTERM| NEAR | MID | FAR
shown in Fig. 10. This figure shows the - Damage Asséssment VELOCITY (/s) 7 15 15
types of tests required and the needed v;,'ﬂﬁ:‘:;‘::;ii“”’ MODEL DIA (in) 8 12 16
capability to do hypersonic impact/lethality - Rain, Sriow, Dust LAUNCHLOADS (| 0K 50K | 20K
testing on the forecasted weapon sys- | + WakePhysics PITCH ANGLE 30deg | 30deg | dSdeg
tems/programs. These types of tests are - Signatures PRODUCTIVITY |/ v v

usually done in aeroballistic ranges where

the projectiles are launched down a

closed-in range in free flight to impact tar-
gets. These tests simulate the correct envi-
ronmental conditions and the correct projec-
tile velocity. The projectile is usually a scale
model version of the weapon system with
attempts to match structural characteristics.

Fig. 10. Impact/lethality test requirements.

CAPABILITIES;
Soft Launch < 80kg’s (for “fraglle” models) -
Large model scales (Up to §-Dia Profectile)
Full Range Track and Recovery System (9674t}
Impact/Lethality Studies (velocities {0 7:km/séc) -
:-Orbital Debris Effects/Counterfire(vel,

14 km/sec)

'S: NASA/DoD Mifor
Faclliﬁes MOA -

Stressing requirements are for larger pro-
jectiles to be launched with low launch loads | _
and at higher velocities. These types of test [+~ ¥’
facilities also provide capabilities that do not
require impact, such as measuring wake

T« DoD (Large Bnllistic(}um, 142 NASA (Siiall
Guns) :
QAL TMD, NMD

Requires Large Scale, Higher Velocities (15 Km/s),
~ Soft Launch

¢ " High Fidelity Model Design Methods'
+ On-board Model Aéio-data Systems
+ Lethality Physics M&S:

physics (signatures) of the projectile while in

«  Prajectile Flowfield and Debris (,loud Dlagnosucs

free flight and capturing the model at the
end of the test without destruction.

The impact/lethality test capability gaps are
shown in Fig. 11. AEDC’s impact/lethality capability
is its 1000-ft aeroballistic range G. This facility is
unique because of its large bore diameter, low
launch loads, and high launch velocities. It has
supported many hypersonic impact weapons
developments in the past. AEDC works closely
with NASA and their counterpart facilities under a
recent MOA to cooperate on technology, invest-
ment planning, and process standardization. The
gaps in capability to meet the forecasted test

6

an 11. Impact/lethality test capability/gap.

Materials/structures test requirements are
shown in Fig. 12. This figure shows the types of
tests required and the needed capability to do
hypersonic materials/structures testing on the fore-
casted weapon systems/programs. These types of
tests are usually done in arc heated facilities that
simulate the correct temperature and pressure, but
may miss the Mach number. The test article is usu-
ally a sample of the weapon system materials/
structures that would be encountering the severe
thermal environment of flight. Stressing require-
ments are for longer run times at higher pressures
and temperatures. These test requirements are for
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flow facilities such as the ones located at

AEDC. Other test requirements for materi-
als/structures evaluation can be met by
non-flowing facilities where high-power
lamps apply the heat load, and the pres-
sure load is applied by hydraulic jacks.
These types of facilities are located at
other sites.

The materials/structures test capability
gaps are shown in Fig. 13. AEDC’s materi-
als/structures capability consists of the arc

Types of Tests
+. Nose Tips _
~ - Ablation

« Erosion

= Survivability

. Coupon Samples
- Durability °
~ Sutvivability

+ . Engine Panels -

heated facilities H1, H2, and H3. These

= Durability

"+ Seeker Windows
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= Performance

Needed Capability

facilities are unique because of their high-

pressure and high enthalpy operation.

They have supported many hypersonic

developments in the past. AEDC works
closely with NASA and their counterpart
facilities under a recent MOA to cooperate
on technology, investment planning, and
process standardization. The gaps in capa-
bility to meet the forecasted test require-
ments are in test article size, higher pres-
sures, and longer run times. Continued arc
heater research into higher pressure/
enthalpy operations is needed. Test technol-
ogies in structures testing are also needed.

A summary of the existing hypersonic
test capabilities is shown in Fig. 14. This
figure summarizes the capability shortfalls
(gaps) that have been identified by com-
paring the forecasted future test require-
ments with the existing test capability.
Based upon the schedules of the fore-
casted systems/programs and their operat-
ing envelopes, some of these shortfalls
present critical deficiencies. For instance,
the need to conduct aeropropulsion test-
ing, aero-optics testing, and jet interaction
testing at Mach numbers lower than 8
needs immediate attention. The other
shortfalls are noted for higher Mach num-
ber test requirements, but are not as

PARAMETER\TERM NEAR MID FAR
‘[l MACH NUMBER 2200 2200 2200
PRESSURE (atm) 70 120 200
POWER (MW) 30 50 100
RUN TIME 2-5min | 5-10 min 10+
FLOW QUALITY v v v
PRODUCTIVITY v 4 v

Fig. 12. Materials/structures test requirements.

QABAB!LI.T.IE& H1 and H2
ngh Pressure (70 atm)

* High Total. Enthalpies (M=5-20)

«  High Productivily Model Imectlon System
{up_to 6 models/run) ..~

« Materials Development/Ablation and Eroslon

+ - Structural Durability/Thermal L oad cycling

BES:EET PROGRAMS SUPPORTED; ’
 HyTech, RSAP, RVAP, THAAD, Hypér-X

sszzmsum&mmm NASA/DﬂD M&i"l‘
Facilities MOA i

~“"DoD (High Pregsur 25 atm) NASA (Low
Pressure 10 utm) ; ’

GAR;-RY, TMD, Tactwal Missilw

.- Larger “Fest Articles,’ ng,her P

i “Longer Run Duration:

L T&E Methods for Acllve Slructural Cooling

" HighSpatial & Temporal Resolution Heat .

Transfer and Sfructural Measurements A

ULES,

Fig. 13. Méierials/structurés test capability/gap.

m Adequate

[ Limitea

- Inadequate

I 2010 Requirements

Aerothermodynamic
» Aerodynamic

» Aerothermal

* Aero-Optics

» Jet-Interaction

Impact/Lethality

Materials/Structures

Aeropropulsion
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pressing from a schedule perspective. However,
the approach to solving some of these shortfalls

may require such large advances in the state

art for facility design, construction, and operation

that research in the near term is required
ready to meet the test needs in the far term.

of the

to be

10

15

20 25

Mach Number
Fig. 14. Summary of existing hypersonic test capabilities.

Hypersonic Test Facility Planning

The desired hypersonic T&E capability future
must consider system requirements, existing capa-
bilities, and the state of the art of facility technol-

ogy. Current state-of-the-art facility technology
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cannot provide adequate design informa-
tion for a ground T&E capability that
resolves all the current shortfalls. There-
fore, integrated T&E will play a greater
role in hypersonics than in the lower
speed regimes. Currently, hypersonic
system developments must depend
much more on flight testing® than devel-
opments in the lower speed regimes.
However, since flight testing is more
costly, the desired future is to increase
the dependence on ground testing and
modeling and simulation (Fig. 15). This
figure shows qualitatively that the depen-
dence on flight testing can be reduced by
a significant amount, while maintaining a
constant confidence in the system perfor-
mance.

Confidence In

The AEDC hypersonic propulsion test-
ing support plan is shown in Fig. 16. This
is an integrated plan that connects the
proposed ground test facilities to the sys-
tem requirements and the system tech-
nology development. This plan shows
only the potential systems out to the year
2016. The plan also identifies the ground
test technology required to upgrade facili-
ties or build new ones. Just as the system
technology is essential to the system

development process, so is the facility technology
that provides the basis for new or upgraded facili-

ties.
Future Hypersonic Wind Tunnels

This paper provides current insight of
the hypersonic system requirements. In the
near term, we need to provide a Mach 8
missile test capability by 2010. The far term
needs are less clear, but projected needs
include a test capability to test space launch
systems and interdiction/reconnaissance
vehicles.

Tactical missiles are the most logical
systems to be developed in the near term.
These are the endothermic hydrocarbon-
fueled systems that will cruise at Mach 8.
An upgrade to the AEDC Aerodynamic and
Propulsion Test Unit (APTU) will satisfy this
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Fig. 15. Desired hypersonic T&E future: increasing depen-
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Fig. 16. USAF hypersonic propulsion testing support plan.

requirement (Fig. 17). APTU is a large size (16-ft-
diam test chamber), blowdown facility with a viti-
ated test medium that exhausts into the atmo-
sphere. The facility has a large high-pressure air
storage capacity that provides long-duration run
times. The current facility capability is limited to

Benefits / Payoff

Fixes MAJOR Shortfall in Weapons
Acquisition Process
— T&E Facilities for Hypersonic Air
Breathing Tactical Missiles at Mach 8
Nonexistent
Supports Air Force HyTech and FRSW,
Navy HyStrike and Standard Missile,
DARPA ARRMD, and Others
Reduces Development Cycle Time
and Amount of Flight Test Required
—  Ground T&E Focuscs Flight Test

Project Description ‘
Modify APTU to support Mach 2-8
Full Scale Tactical Missile
Operability/Durability Testing
— Increase Air Storage System Volume
- Install Existing Bumners in Stilling
Chamber for Mach 8 Enthalpy

— Modify Exhaust System for higher
Altitude Simulation Environment

- Design and Fabricate For Quick, Low-
Cost Configuration Changes

Cost / Schedule
Total Funding: $18,000,000
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Fig. 17. Aeropropulsion test capability, M < 8.
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Mach 4. The proposed upgrade includes « Flight Duplication for Mach 12-15
adding a Mach 8 capability with a new

nozzle, additional air storage to increase
facility run time to 12-15 min, and modifi-
cation of the exhaust system for higher
altitude simulation to approximately Beam

110kft. : Steering Conductisify Soorce Test
Magnets ’ -Section

» Missile Scale (Approximately 1.0 m)
» Clean Air, q = 2,000 psf
Run Time > 1 sec

A new hypersonic wind tunnel is
under consideration for the long-range - eI
system requirements (Fig. 18). This con- Ener
cept is being evaluated and developed

Not to Scale Source Exhaust System
by a team from Princeton, Lawrence Liv-

ermore Laboratory, Sandia Laboratory, Fig. 18. Hypersonic wind tunnel concept.
and MSE, Inc. under AEDC manage-

ment. The facility is to provide flight ProjectDescription .
\ . e « Develop Prototype Facility for Flight
duplication conditions for Mach numbers  Duplication at Mach 8-20 (Clean Air, Run
. . Duration of Secs)
up to 15. A missile-scale prototype Wind " spcity Faciliy Design Based for Concept

Exploration and Demonstration Phase

tunnel will be developed initially With @  _ peign and Develop Prototype Facitity

clean air test medium (nonvitiated), and - &5duie P Ferformance and

a dynamic pressure of at least 2,000 psf. - Reveiop Desien Spec for Full: Sale Fuclly

The desired run time is greater than 1 g6/ Payofy

sec. This concept is a blowdown facility + Demonstrate Facility to Overcome

. . . MAIJOR Shortfalls in Advanced Weapons
with an ultra high-pressure air storage  Acquisition Process

- T&E Facility Integration and Demonstration

system, a pre-heater (nonvitiated), with Required to Support Funding Decisions Cost / Schedule
energy addition downstream of the N0Z-  ~ Semeeblune Vision and Te-Seric Visionary Total Funding: $100,000,000

. Hypersonic Vehicles and Weapons Fiscal Year 03| 04| 05]06 |07 08[09
zle. A magnetohydrodynamic accelera- . geguces system Development Risk, Cycle Requiremont (SYD[3.3(40(6.7] 10 19 36|25

tor will be added downstream to further ~ Time and Flight Test Requirements ) ”
accelerate the flow. The concept is in its Fig. 19. Aeropropulsion test capability, M = 8.

early stages of development, but the technol- .is/....\ﬁi

ogy results do not show any show stoppers 4
thus far. The proposed schedule shows the 5 CE - Concept Exploration
PDRR - Program Definition & Risk Reduction
technology development to be completed by EMD - Engineering &Manufacturing
: Devel
FY05 and the protot){pe construction to be PFDOS_P;;;!;;‘:';:“'&“ ¢/Deployment
completed by FY09 (Fig. 19). & Operational Support Flight Test
Test and Evaluation Models
The traditional system development T&E - MO(:é“"gv
model (Fig. 20) will have to change for hyper- . Simulation
sonic systems. The traditional T&E develop- | G
ment approach follows the DoD program CE | PDRR | EMD| PFDOSI
development phases with modeling and sim- Time
ulation (M&S), ground testing, and flight test Fig, 20. Traditional system development test and evalua-
without much feedback or interaction tion model.
between the three. The T&E and system
development process shows that costs increase as Integrated T&E will become more important in

system development progresses. This traditional ~ future system developments (Fig. 21). This new
approach will have to change because ground test paradigm change is smart for T&E in general, but it
facilities will not be able to evaluate hypersonic  is essential for hypersonic systems.

systems adequately at very high Mach numbers.
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Wind Tunnel Acquisition Issues

The acquisition of future hypersonic wind
tunnels will be at least as difficult as other
recent wind tunnel acquisition initiatives. How- ;
ever, in many aspects the acquisition of future ‘
hypersonic wind tunnels will be more difficult. '
The hypersonic test environment is much more / Modeling
hostile and difficult to simulate at reasonable
cost. The energy requirements are much
higher than those at the lower Mach regime
(Fig. 22).

Ground

The New Paradigm

In addition to the technology challenges,
the cost of a future hypersonic wind tunnel will
likely run into the billions of dollars. Recent
attempts to acquire other proposed major wind tun-
nels costing billions of dollars were unsuccessful.
This was in spite of a coordinated national initiative
with participation from government and industry. 0-2400 pe

Fig. 21. Future system development model: integrated test
and evaluation.
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The solution might be the approach being pur-
sued with the new hypersonic wind tunnel (Fig. 18).
This approach includes an affordable prototype
missile-size wind tunnel that will support hyper-
sonic technology programs, as well as missile
development programs. This will provide credibility
and advocacy for the full-scale hypersonic wind
tunnel. The effort is a national initiative with partici- A %
pation from government, industry, and academia. <
In addition, the program is being managed as a
system development program. This may support
the advocacy for the facility and allow it to compete e s wow W w s

flight Mach number

with other major systems. Fig. 22. Energy flux requirements.

500

400

IR
<

energy flux - MWm"2

so0

L

100

EANVANIAN
%
A\

|~
/

]

ot

Summary

Studies continue to identify potential hyper-
sonic systems that will .satisfy requirements for
tactical missiles, hypersonic aircraft, and space
lift systems. However, without a real system,
acquisition of a hypersonic wind tunnel is difficult
to advocate. The challenge must be pursued with
the Air Force vision in mind (Fig. 23). “We are
transitioning from an air force into an air and
space force on an evolutionary path to a space
and air force.” Hypersonics will play a major role
in fulfilling this vision and we must advocate it.
Hypersonic ground test facilities will be needed to
support the vision and we must also advocate
them. A national cooperative hypersonic test

“We are now
transitioning from
an air force into an
air and space force
on an evolutionary
path to a space and
air force.”

Hypersonics will play major role in
fulfilling the Air Force vision

» Hypersonic ground test facilities will
be needed to support the vision

» National Cooperative Hypersonics
Test Investment Program Needed

Fig. 23. Air Force vision.

investment program will also be needed to support
the advocacy.
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