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Background: Nosetip material screening and evaluation in HEAT-H1 Arc facility.
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Foreword

When the end of the Cold Warture there will continue to be a maglobal economy is due to the robust
became evident, the military forcegor place for air breathing platforms/aerospace technology and develop-
of the United States of America recvehicles. Time is now, always hasnent capability that provides prod-
ognized that the ability to plan forbeen, and even more so in the inforicts desired by other countries. A
specific types and locations of conmation age future, will be of the es{eadership role will be essential to
flicts had been severely curtailed. sence in military operations espesupport the research and develop-

Instead, the armed forces willcially those of the Air Force. All ment required to invest in hyper-
now be expected to respond to cordistances on the earth are fixed. Konic technology is essential.
flicts that are large distances fronthe Air Force is to execute faster Future military transports, recon-
the continental United States withthan an enemy in the 2tentury, naissance, and weapons delivery
out much warning. This will requirethen to reduce time, the only altersystems, space transportation, offen-
the services to be prepared to fightative is to go faster. Hypersonisive and defensive missiles, ordi-
or to conduct mobility or specialair breathing flight is as natural asance, and commercial air transpor-
operations anywhere in the world orsupersonic flight. Advanced cyclestation systems will undoubtedly
short notice. As part of this prepadual-mode ramjet/scramjet enginemake full use of hypersonic flight
ration, it has been recognized thaand high temperature, lighter weightechnologies. For this country to
airbreathing, high-speed propulsiomaterials which allow for long maintain leadership in the aerospace
systems will play an integral part inrange, long endurance high altitudendustry, investment in hypersonic
the war fighting effort. The “New supercruise are the enabling tecttechnology will be essential.

World Vistas” study conducted bynologies. The initiatives of the United
the Air Force sums up this need for As we approach the 2tentury Kingdom, France, Germany, Japan,
high-speed propulsion systems byhe United States’ future global ecoChina, and Russia in commercial
stating: nomic situation requires a strongsatellite launch systems and hyper-
Even with the tremendous in-and productive aerospace industrgonic flight vehicles indicate a wide-
crease in space operations in the fdur current status as a leader in thepread appreciation of the potential

Arnold Engineering Development Center, Arnold Air Force Base, Tenn.
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commercial and military applica- Today, despite the easing of inand then as an integrated weapon
tions of hypersonic flight technolo-ternational tensions and the inevisystem package.
gies. table pressure on the defense bud- AEDC is comprised of three ma-
Future high-speed commerciagetAEDC's responsibility to the na-jor facility complexes: the Engine
and military aerospace vehicles wiltion remains unchanged. It is ouifest Facility (ETF), the Propulsion
be more complex and exceed thaission to provide the United State&Vind Tunnel Facility (PWT), and
technology of past aircraft. Futurewith the multiservice national the von Karman Gas Dynamics Fa-
vehicles will require higher levelsground-test capability which will be cility (VKF).
of sophistication in ground-basedequired to develop the kind of aero- The principal ground test Facili-
testing to provide better accuracy irspace systems that can protedies for the development of super-
all aspects of performance as wekgainst the wide range of threats gonic and hypersonic interceptors
as verification of supporting com-both military and economical ) thatare located within the VKF com-
puter simulations. could materialize over the next 2(plex. Large-scale models of defen-
Ensuring that the U.S. will haveto 30 years. sive systems such as ballistic and
the capability to conceive, develop, AEDC hypersonic facilities havetactical missile interceptors, high
and produce the state-of-the-annany unique capabilities. As thespeed aircraft, and can be tested over
aerospace vehicles and systems hypersonics market changes, othesimulated flight conditions from a
the 21st century will require that ourfacilities are closing. If we hold to Mach number range from 1.5 to 20.
national hypersonics ground-test fathe visions of Gen. H.H. “Hap” The testfacilities include conven-
cilities be maintained. An immedi- Arnold and Dr. Theodore von Kar-tional continuous-flow wind tun-
ate long-term national commitmeniman, and our own Strategic Visiomels, intermittent blow down tunnel,
to the research and development &031, AEDC will become the cen-impulse tunnel, continuous-flow
advanced test facilities capable ofer of choice for hypersonics testarc-heated facilities and ballistic
duplicating hypersonic flight condi- ing, not only nationally, but inter- ranges. AEDC is more than just a

tions is needed. nationally. collection of test facilities; it is a Na-
tional Aerospace Ground-Test and

AEDC'’s Role What is Hypersonic Ground Evaluation (T&E) complex which
Test & Evaluation? can provide a full range of T&E ser-

Created shortly after World War  The AEDC ground test facilities Vices tailored to our customers
Il during peace time, AEDC resultedare used in the development of baReeds.
from the vision that the U.S. neededistic theatre and cruise missile de- AEDC is an important national
the basic developmental tools thafense interceptors, tactical missiles2Sset. Since its dedication 45 years
would allow it to reach out to thehigh-speed aircraft, and launch veado, the center has been instrumen-
horizons of technology in develop-hicles. A variety of AEDC hyper- tal in every major U.S. aerospace
ing its modern military air systems.sonic facilities provide the customerogram. AEDC has unique, na-
Over the years, significant test-fathe opportunity to test and evaluatéonal hypersonics assets and we
cility additions have been made tha total weapon system from propulmust continue operation and invest-
have kept AEDC one of the premiesion system development, indiment in hypersonics facilities and
aerospace ground-testing facilitiegidual components deve|opmentpapabilities to make todays dream
in the world. tomorrows reality.

Visit our web site;

www.arnold.af.mil ; Q( E D C
* Customers

_ e Suppliers
Air Force « Navy « Sverdrup « ACS « Supporters
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Aerodynamic and Propulsion Test Unit

Steam billows out of AEDC’s Aerodynamic and Propulsion Test Unit.

The Aerodynamic and Propulsiorfor an annular air ejector, located APTU Gaseous Oxidizer System
Test Unit (APTU) is a blowdown in the exhaust duct, which is used The gaseous oxidizer system has
facility designed for true to lower the test cell pressure ta2,100 cubic feet of storage capacity

temperature aerodynamic simulate altitude conditions. at 3,800 psia and ambient
propulsion, and material/structures temperature. A pressure control
testing. A combustion heater (VAH) Altitude Simulation and Run valve allows the delivery pressure
provides the required temperatureDuration to be held constant while a flow

Liquid oxygen is added so the Auxiliary air ejectors have been control valve allows the flow rate
appropriate oxygen content exists imstalled to augment the pumpingto be varied during a run.

the test medium. The facility iscapacity of the original air ejector.

completely computer-controlledThe chart shows the estimated cellAPTU Fuel Systems

during a run, and can make rapighressure as a function of the facility An ambient temperature gaseous
pressure and temperature changdglach number simulation. hydrogen system has been added to
The remote location of the facility
plus the straight line ejector exhaust
configuration allows for unique tes Test Cell (16-ft diam)
capabilities such as test articl

hardware separation. Certain typgs Typical Model (Full Scale)
of ammunition/explosive live fire
testing can be done. The facility i
sited for Class 1.1-1.3 explosive
and hydrogen propellants.

A 22,000-cu ft high pressure ai
reservoir, which can be pressurize
to 4,000 psia allows run duratio
from approximately 3 minutes to 1
minutes, depending on the Mac
number selected and the altitud
simulation required for the run. Thi

air storage system is also the SOUTCRA rtist drawing of Aerodynamic and Propulsion Test Unit test cell.

Air Ejector

Corebreaker

Exhaust Duct
(13-ft diam)

Diffuser (4-ft diam)
Thrust Stand
Axisymmetric Free-jet Nozzle

Plenum (7-ft diam)
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the APTU complex to provide tes

article fuel. Six hydrogen trailers Facility Run Time
can be connected to a manifold fromp 90 — Nozzle Exit Diameter - 32 in.
which two lines enter the test cell Reservoir Pressure - 3800 psi Time.Min.
Valves in the manifold allow 80 -
different combinations of trailers to} -
feed the two supply lines. This 70
allows two different delivery points £ 8
on a test article that can be supplied ¢ 60 |-
at different pressures. Theruntimg¢ S 10
at each point will depend on thg = 50
number of trailers serving the point < Altitude Limit
and the required delivery pressuré g 40 |- without Ejector
(9}
Cooling Water Availability 3 30|
Cooling water is supplied to the a

APTU complex from the AEDC 20 |-
pumping station through a 36-in

diam. main at 90 psia. This wate 10~

can be used directly for low- | |
pressure test article cooling 0 20 25 30 35 40 45
requirements. If high-pressure Mach Number

cooling water is needed, a series ¢f

high pressure pumps will be used
individually or in combination as
necessary.

Navy Standard
Missile IR Dome
window cooling

Future Upgrade Program test in APTU.

The Air Force Hypersonic
Technology (HyTech) Demonstrato
Program initiated the APTU
upgrade. APTU currently provided
supersonic free jet test capability uj
to Mach 4.5. APTU upgrade will
provide free jet and direct connec
testing. In order to reduce the coq

of the upgrade, APTU will use the

National Aerospace Plane Ain |«~——— Ramijets |
Heater from Marquart Engine Tes| 120 <+ Turbojets I Scramjets ——
Facility. An existing supersonic APTU Mod High Mach
nozzle provides Mach 8 flight 100 —
simulation environment. Anominal| Current APTU
Mach 6 nozzle will be built as pary T 80~
of the upgrade. Additional air| =
storage will be provided to increas¢ < 6o
run tir_nes._ '_I'his upgrade will 40 B Vehicle
maintain existing lower speed test ~ Low Alt Limit
free jet capability. 20 (9 = 2,500 psf) .
| |
2 3 4 5 6 7 8
Duplicated Mach
Temp, Pres, M
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Materlals & Structures

Facility Description

The AEDC arc-heated test facilities include the
and H3 high-pressure segmented arc heaters, and
H2 and HR Huels arc heaters. Both types utilize a hig
voltage, DC electric arc discharge to heat air to to
temperatures up to 13,000 degrees Rankine. Hig
pressure test capabilities are achieved by confining
electrical arc discharge to a water-cooled plen
section capable of withstanding chamber pressu
above 100 atm. The combination of high-enthalpy td
gas and high plenum pressure makes possible heat
simulations representative of flight at speeds in excg
of Mach 20 at high dynamic pressures simulating lo
altitude flight (atmospheric re-entry).

HEAT-H1

The HEAT-H1 Test Unit is an advanced performance
arc-heated facility providing high-pressure, high-
enthalpy test conditions for qualification of thermal
protection materials, nosetips, and electromagnetic 13 arc heater
apertures and structures for hypersonic missiles, space
access systems, and reentry vehicles. HEAT-H1 utilizes
a segmented arc heater with multiple electrically
isolated segments which form the heater plenum. The
unique segmented construction allows the arc to be held
at a fixed length to optimize heater efficiency and total
enthalpy at high pressure and flow uniformity. A stilling/
mixing chamber can be installed to mix cold air with
the arc-heated air, thereby decreasing the total enthalpy,
increasing the flow Reynolds number, and improving
the uniformity of the flow enthalpy across the test jet.

HEAT-H2. Nosetip material screening and evaluation in H1.
The HEAT-H2 Test Unit is an arc-heated aerothermal

tunnel providing high-enthalpy flow at high Mach
numbers and dynamic pressures simulating hypersonic
flight at pressure altitudes from 70 to 160 kft. H2 utilizes
an Huels-type arc heater to generate high-temperature,
high-pressure air for expansion through a hypersonic
nozzle into the evacuated test cell. The combination of
the arc heater driver, various nozzle/throat
combinations, the evacuated test cell, and exhauster
makes possible high-enthalpy flows at Mach numbers
from 5 to 9. Direction and distribution of the injected
air can be selected to optimize the enthalpy distribution
across the flow to match specific test requirements. Run
times of 30 minutes or longer are available in HEAT-
H2 for selected operating conditions.

Externally cooled dual mode window
survivability and performance test in arc heated
test unit H-1.
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HEAT-H3 and the Arc Heater
Development Program

A multi-year technology program at
AEDC has resulted in development
of the next generation high-pressure,
high-enthalpy segmented arc heater.
The primary objective of the
program was design, development,
and evaluation of a 3-inch bore
segmented arc heater with
operational performance up to 150
atm. The larger heater, designated
H3, is currently active as a
technology test bed heater, and is
designed to eventually provide
proportionately larger high-enthalpy
flows for testing of materials,
aerothermal structures, and
hypersonic propulsion components.

Aerothermal Test Techniques
A variety of test techniques are used

to evaluate material performance
under realistic conditions. Typical
test techniques include steady-state
ablation testing of nosetip materials;
nosetip boundary-layer transition
tests during which the nosetip is
subjected to a Reynolds number
variation of a factor of five during
the run; wedge tests where two-
dimensional material samples are
exposed to various pressure/heat-
transfer rate combinations;
combined ablation/erosion tests
using graphite dust particles
accelerated in the arc heater to high
velocity; cooling-effectiveness tests
on actively-cooled electromagnetic
apertures or transpiration-cooled
nosetips; and hot transmission
testing of antenna window
materials. The facility is under
continuous development, and other
special testing techniques, such as

7

variation of nosetip/wedge angle-of-
attack, rolling moment
measurements, scramjet combustor
testing, and other nonstandard test
techniques can be implemented.

Recent testing in the AEDC arcs
has included heat shield and nosetip
materials tests in support of Air
Force ICBM and Navy SLBM
ballistic missile systems, combustor
materials tests in support of Air
Force  hypersonic  missile
development, and materials and
electromagnetic aperture tests in
support of Army and BMDO
hypersonic interceptor missile
systems development. In addition,
technology work has been ongoing
in support of the H3 advanced
segmented heater development
program.

300 T T T T T T T T T T FapPE
- Boost-Phase L7 -
- Intercept y [ -
| High-Altitude Y7 l i
- Theater Defense Shuttle —/ |
§ I 2 S ,A/’_y// II a
¢ 20F  wmEROm 0 Y 4 ICBM .
s R AN
= /] [
< L S| | ]
o
e — /// | ’, —
5 i _-~"~— Maneuvering i
o Reentry /I
a 100 l -
s r .
o - Heat-H1 .
|/ Heat-H3 i
0 ! L

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Simulated Velocity, kft,s
L [ | | | | |
200 4006008001000 2000 4000 6000 8000 10000

Total Enthalpy, Btu/lbm
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Hypervelocity Wind Tunnel 9 Facility

-

The Hypervelocity Wind Tunnel
9 Facility is the primary high Mach
number, high Reynolds number fa
cility for aerodynamic testing in the
United States. This unique facility
is located at the White Oak, Mary-. -
land site of AEDC. E

The Hypervelocity Wind Tunnel
9 Facility provides aerodynamic
simulation in critical altitude re-
gimes associated with strategic of
fensive missile systems, advance
defensive interceptor systems, reer
try vehicles, and hypersonic vehicle
technologies.

Tunnel 9 is a blow down type fa-
cility with operational Mach num- ==+
bers of 7, 8, 10, 14, and 16.5. Thi:
facility utilizes a unique storage
heater which provides supply prestypervelocity Wind Tunnel 9 is located at the White Oak, Maryland site
sures up to 1430 atmospheres arff AEDC.
supply temperatures up to 3460 desodies, full-scale endo-intercep- strumented models during a single
grees Rankine and sustains longers, and large-scale aerospace verun. The combination of constant
duration, constant-condition runshicles and hypersonic inlet mod- test conditions, long test times, and
Tunnel 9 contains two test legs teels. With nominal test times up to large test cells at Tunnel 9 provides
accommodate the multiple testingl5 seconds, Tunnel 9 provides higha meaningful, productive, and cost-
capabilities available at the facility.test productivity by allowing para- effective test environment for
Each leg contains a test cell whiclmetric variations (such as angle-of-aerodynamic,aerothermal,
is five feet in diameter and overattack sweeps, control jet opera- aerostructural, aero-optic, shroud
twelve feet in length. These test cellsons, window cooling operations, removal, and hypersonic inlet ex-
can accommodate full-scale reentrgnd/or flow surveys) on heavily in- periments unavailable anywhere

else.

Vacuum
Sphere

Pressure Control
Valves

Nozzle

Gas Heater
Vessels

Diffuser

Gas Heater

Vessel Test Cell

To Vacuum
Diaphragm Pumps
Section
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Tunnel 9 Testing Capabilities
Tunnel 9 Operating Conditions
Mach 7

Nominal Core Size: 8 incheg
Reynolds Number Range: 1.8 t(
16.7 million per foot
Run Time: 1 to 6 seconds

The Mach 7 Thermal/Structurall
Facility is located in one of the twg
test legs at Tunnel 9. This test leg
provides a controlled ground test erj
vironment that duplicates actual
Mach 7 flight conditions for alti-
tudes as low as 34,000 feet for te$t
times up to 6 seconds. Tunnel 9 i 50
able to duplicate the thermal shocH,
peak heating, and thermal heat sodk
of actual flight for assessing the the
mal and struct_ural response of full > 16 20 I .
size seeker windows and radom Mach Number
prior to flight testing. This capabil-

ity is particularly importantto endo-  \vach 10 is a high Reynolds The Mach 14 and Mach 16.5 test
interceptor programs where SensQ{ymber testing environment whichenvironments achieve both high
window survivability, cooling, provides naturally occurring turbu-Reynolds Numbers and high Mach
mounting, and aero-optical perforient houndary layers on the modelsNumbers coupled with long run

200 r

150

Present Tunnel 9
Operation Conditions

Altitude, KFT

100 | B Simulation

[ Duplication

Flight Envelopes
I Reentry Bodies
1 Flight Vehicles
I ENDO Interceptors

IN
©

mance are critical. Computer-controlled pitching of thetimes to provide critical altitude
model and programmable blowingsimulations needed by reentry and
Mach 8 systems allow variations in test pahypersonic technology programs.
Nominal Core Size: 24 inchesrameters during a single wind tunParametric testing can be performed
Reynolds Number Range: 8.7 tmel run. during a single wind tunnel run by
55.7 million per  foot utilizing the programmable blowing
Run Time: 0.2 to 0.75 seconds . Mach 14 & Mach 16.5 and computer-controlled pitching

The Mach 8 test environment Nominal Core Size: 35 inchessystems.
provides duplication of flight dy- Reynolds Number Range: 0.072 to
namic pressures up to 90 psia angl.2 million per foot
maximum Reynolds Numbers of 56run Time: 0.7 to 15 seconds
million per foot. These test condi-
tions are held constant for test times
up to 0.75 seconds. The high d
namic pressures and long run tim
available at Mach 8 provide a criti-
cal testing capability in a controlle
environment for interceptors an
other programs utilizing shroud
separation technologies.

Mach 10

Nominal Core Size: 40 inche
Reynolds Number Range: 0.86 t
21.9 million per foot
Run Time: 0.23 to 15 seconds

Above--Aero-optic Testing of
interceptor forebody.

Left--Jet Interaction Control
Testing of Hypersonic Vehicle.
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Impact & Lethality Testing

Since 1963 AEDC has conducted
more than 7000 hypervelocity bal-
listic range shots in its
Hypervelocity Gun Range facilities.
With completion of a major
launcher upgrade in FY94, Rangef;
G became the largest routinely op- |}
erated 2-stage, light-gas gun syste
in the nation.

The system provides an un-
equalled “soft launch” (minimized
acceleration loading) that permits
the launching of extremely high-fi-
delity missile simulations at
hypervelocity speeds.

Additional upgrades in FY95- %
FY97 added optional launch tubes
of 4- and 8-in. diameter and ex-
tended the operational envelope to
include projectiles that model near- Range G Upgraded Launch System.
full-scale missile designs.

The primary challenge in design+ile failure during launch. a level of reliability that the tech-
ing projectiles for gun-range lethal-  The increasing demand for lethalnique has become a standard for le-
ity testing is to develop a geometriity test capabilities that comply withthality testing. Using up to 2000 psi
cally-scaled-projectile that matches;Live Fire” engagement scenariosof argon gas, stored within the pro-
with sufficient fidelity, the axial and continue to be met by innovativejectile body, a predictable thrust vec-
radial mass distribution of the actechniques designed to control protor is developed as the gas escapes
tual missile, yet possesses adequgiectile flight dynamics. During through an orifice located in the side
integrity to withstand the accelera+Y97, a cold-gas, jetting techniqueof the projectile nosetip. Release of
tion loads experienced during gurior pitch inducement was refined tathe gas is initiated at launch by an
launch. Recent upgrades using 2-D
and 3-D finite element analysis soft:
ware (FEAMOD) coupled with

Sl -

AUTOCAD, the AEDC launcher 8.0r
code, and the graphical user intel 70F
face tools of PATRAN provide a 4.0-in. launcher
. . o 6.0
seamless design path that permi o
AEDC engineers to analyze pro- = 50
posed projectile designs ina simu < 4oL \
lation of the dynamic environment 2 _
of launch. The analysis simulates § 30 = 3:3-n. barrel [ ,
stress wave propagation through th E 2.0} 8in. barrel
projectile body, characterizing by 10l
color schemes, stress concentratiot ,
which exceed material yield. With : ' ; : ' '
marginal areas identified, desigr Y 2 - € : L -
changes are incorporated whicl Mass Launched, kg

minimize the probability of projec-
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Hypersonics



11

inertia activated valving system,
Pitch amplitude at impact is con
trolled by variations in initial gas
pressure and flight distance to ta
get.

Computer Graphic lllustration of
stress wave propagation throug

Gas Chamber

Valve

Orifice /

Gasjet model nosetip design shows
control valve and orifice.

An AEDC Machinist prepares to load a gasjet projectile into the
breech of the new 4-in.-diameter launch tube.

Jetting action of gasjet projectile is shown as the  Attaining the required pitch amplitude, the gasjet
projectile exits the launcher muzzle.  projectile approaches the designated target.
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Hypervelocity (7-15 km/sec) tems. For several years, AEDC haRange launcher is fired such that its
Impact Test Capability been actively engaged in developsmall projectile impacts the target
ing the counterfire technique to in-model in the “impact zone.” Since
High-speed impact testing hagrease the velocity at which impacthe small, counterfired projectile is
been limited to speeds less than Ftudies can be conducted. In théraveling at speeds of up to 8.5 km/
km/sec by performance limitationscounterfire technique, a targetsec, the resultant impact occurs at
inherent in the two-stage light-gagnodel is launched at up to 7 km/secelative velocities exceeding 15 km/
guns which are generally used térom the 3.3 inch diameter rangesec. Following the impact event, the
accelerate impact models. Sinctuncher. The target flies down thearget model proceeds down the
space debris encounters an-range track to an “impact zone’track into the recovery system at the
extoamoshperic kinetic-energy-near the end of the Range test tankend of the track, and the target
weapons intercepts occur at mucht the appropriate time as determodel is recovered intact for post-
higher velocities (approaching 17mined by a fully automated, com-test analysis and evaluation.
km/sec), considerable risk has beeputer-based sequencing system, a In fiscal year 1994, four counter
associated with extrapolating existsecond 0.33" dia. Launcher, locatedire impacts were generated with
ing impact-test lower-speed resultét the end of the range test tank anivo of the target models being suc-
during design of various space sysaimed in a direction opposing the G¢essfully recovered.
The counterfire technique is now

operational and is available on a rou-
/Q\ tine basis.

Projectile
— 4—0/

0.3-in. Two Stage

Range Facility Light-Gas Gun

3.3-in. Two Stage

Track | Target |
. ‘ Recovery
Light-Gas Gun

(900 ft)
System (500 ft)
G-Range counterfire configuration

COUNTER-FIRE DEMOMNSTRATION
SHOT WLIMEER GO39 |_

IBAPACT WILOSITY: 122 KRRISES

Multi-plate target and post test recovered target

Pretest “semi-infinite” aluminum target and post tesfo!lowing counter-fire impact at 12.2 km/sec.

recovered target following counter-fire-impact at
12.2 km/sec.
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Hypers_o_nic Gas  Test Test Section and Model Support for Impulse Tunnel
Capability Development
Facility

. Test Section

Test Section 42-in. Diam
As part of the recent upgrade to Windows —
AEDC Range complex, an existing 'g'loozczl'(e Model Support
two-stage light gas launcher was Strut
Throat 1 || 7

modified to become a free piston  Block
shock tunnel. Designated the / J
AEDC Impulse tunnel, the new fa- o A

. . . — = 25
cility uses an explosively-driven =

. . . SSN NN N
free piston to drive a shock tube in s
a manner similar to the technique Shock\

pioneered by Stalker in Australia. Tube

“ o ——ooT | |
When developed to full capability, Nozzle 4/B
the Impulse tunnel will provide un- Diaphragm Bellows— ==
equaled (_:apabllltles for studylng 8-deg Nozzle
hypersonic real-gas aerodynamic 18-in. Exit Diam
and combustion/propulsion effects

;1(1;) :sryTzlggnhflggiI;gn?aTiﬁf; gg\:‘;'_ produced by the impulse tunnel agot be provided byintrusive_ devices.
opmént program has six objectiveswe" as our other aerodynamic tes@pe_ratlonal systems available for
1. Design and verify perfor- facilities. Advances in applied la-use include: pulse holography, Fou-
mar;ce of digphragms . oF\)/er 105€" technology have resulted in thger transform holographic interfer-
kpsi recent development of a number opmetry, plgDnS::;ase:j mlduced liluo-
' - electro-optical systems that permitescence , and electron beam
anﬁl calilz?;I%rrT Ig;“?ri:hleéﬁg;v:g nonintrusive measurements in thfuorescence. By applying these in-
[ESSUTeS in excess of 20 Kosi hostile aerothermal environment otruments and techniques, the qual-
P 3. Develop a math m 03 eI. f orsupersonic and hypersonic facilitiesi.’gy of the faqility flow (static' condi-
predicting facility performance A notable feature of these new sy§4_0n8, species concentranons,. run
4. Continue developmen't tot€ms in addition to being mechanitime, etc.) can be fully charac_terlzed
hi Her ressures with an ultimat cally nonintrusive, is that they of-as WeII_ as the flow su_rroundlng the
g P . . Gen provide measurements that camaodel in the test section.
goal of 100 kpsi or higher.

5. Develop tools and tech-
niques to analyze, design, and falj
ricate nozzle throats capable of surgge
viving the severe aerothermal envi#®
ronment this facility is capable of
producing. )

6. Characterize free-stream®
flow quality in the test section us-is
ing intrusive and nonintrusive mea
surement systems and techniques &

Hypersonic diagnostics

In concert with development of &
the AEDC Impulse tunnel, a veryg
aggressive, multi-year program ha g
been implemented to develop tech- '
niques to fully characterize the flowPreliminary image of a calibration cone model.

AEDC Highlights
Hypersonics
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Hypersonic Technology Advancements

Plasma off -

19.1mm, 30 Torr

v~ 1550 m/s

3 v CFD: 300K
¢ . = CFD: 1500K

P
P Plasma off

4 Plasmaon

Ballistic Tests Performed in a |
Plasma Environment

reported measurements of anomg
lous shock standoffs in weakly ion-

anomalous shock standoffs was ok
tained, and efforts were subse
quently directed towards separatint
the effects of ionization from the|
effects of gas temperature on th
shock profile. The AEDC tests,
sponsored by Air Force Office of
Scientific Research (AFOSR), will
help explain the physics physical
interaction of the plasma in an aero
dynamic environment.

Laboratory Hardware

AEDC Highlights
Hypersonics
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Hypersonic Diagnostics New Heat Transfer Testing to develop miniature heat flux gages
Technique: with time responses fast enough to
Additional effects are being fo- runin Tunnel 9. The other challenge

cused in advance test methologies AEDC has completed a series ofvas to ensure sufficient sensitivity
for obtaiing wind tunnel experimen-tests baslineing heat transfer gagds the gauges to measure low heat-
tal data on time dependdantt both VKF Tunnel B and the Tun-ing levels in Tunnel B. All of these
aerodnamic phenomina. Highlynel 9 measurement systems. TH&ings combined will give the cus-
maneverable systems using trusfuccessful completion of this efforttomer more quality. This new sys-
vector control /divert and attitudewill allow AEDC to offer testing of t€m will provide higher productiv-
control systems jet controls will re-heavily instrumented models inity and data quality for heat transfer
quire high fideltiy time dependantTunnels B/C and then run at Tunnelesting.

measurements to devevlop robusj without changing any instrumen-

flight control systems. tation. The primary challenge was

IFigure 13 Tunnel 9 Corrected Heat Flux Data Using S-B Gage FEA ModeII

Tunnel 9 Run #2570
Average Pitch Rate = 62 deg/sec
Mach 10; Re/L = 20 X 10°

General Correction Equation
for f(t) = 1.0 - ¢ ™"

Coax TC T316

Heat-Flux Data
MSC/NASTRAN FEA
SOLUTION

0.00 0.05 0.10 0.15 0.20 0.25 0.30
TIME, seconds

IHDIGATED HEAT FLUX, Bluift-aec

AEDC Highlights
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AEDC Test Facilities

(Nominal Values)

Test Section Size Total Speed i i ;

ENGINE TEST FACILITY Cross Section, ft Length, ft Temperature, °R Rgnge Pr?lflzl:r:iengll)tjtfl:de Ca'I,'Jf'larcults{ gftellrr?lztﬁlkl)ed Primary Use®
Propulsion Development Test Cell T-1 12.3 diam 39to 57 380t01,110 Mach 0 to 3.0 Sea Level to 80,000 30,000 (2) (6) (9)
Propulsion Development Test Cell T-2 12.3 diam 4210 50.5 380t0 1,110 Mach 0 to 3.0 Sea Level to 80,000 30,000 (2) (6) (9)
Propulsion Development Test Cell T-3 12 diam 15 450 to 1,660 Mach 0 to 4.0 Sea Level to 100,000 20,000 (2) (3) (6) (9) (11)
Propulsion Development Test Cell T-4 12.3 diam 39 to0 47.8 380t0 1,110 Mach 0 to 3.0 Sea Level to 80,000 50,000 (2) (6) (9)
Propulsion Development Test Cell T-5 *** 7 diam 17 395 to 660 Mach 0t0 2.0 Sea Level to 80,000 2,000 (2) (6) (9)
Propulsion Development Test Cell T-6 **** 3 diam 18 430 to 760 Mach 0 to 3.0 Sea Level to 90,000 None (1) (3) (4) (6) (7) (11)
Propulsion Development Test Cell T-7 *** 7 diam 9 39510 1,110 Mach 0 to 3.0 Sea Level to 80,000 1,000 (2) (6) (9)
Propulsion Development Test Cell T-11 10x 10 17 395 to 860 Mach 0 to 2.0 Sea Level to 80,000 2,000 (2) (6) (9)
Propulsion Development Test Cell T-12 10 diam 20 396 to 860 Mach 0t0 2.0 Sea Level to 80,000 None (7,000 hp) (2) (6) (9)
Propulsion Development Test Cell J-1 16 diam 65 395t0 1,210 Mach 0 to 3.2 Sea Level to 80,000 50,000 (2) (3) (6) (9)
Propulsion Development Test Cell J-2 20 diam 67.3 395t01,110 Mach 0 to 3.0 Sea Level to 80,000 50,000 2) (3) (6) (9)
Propulsion Development Test Cell J-2A**** 18.3 diam 32 (Wall, 144) Static 450,000 20,000 (1) (5) (11)
Rocket Development Test Cell J-3 12 diam 26 High

17 diam 20, 30, 40 High ——— Static 125,000 200,000 (1) (5)

Rocket Development Test Cell J-4 48 diam 82 High Jp—— Static 100,000 500,000 (1) (5) (11)
Rocket Development Test Cell J-5 *** 16 diam 50 - Static 100,000 300,000 (1) (5) (11)
Rocket Development Test Cell J-6 26 diam 62 I Static 100,000 500,000 (1) (5) (11)
Sea Level Test Cell SL-1 24 x 24 50 Ambient Static Sea Level 52,500 (2)

Sea Level Test Cell SL-2 24 x 24 57 395 to 720 MachOto 1.1 Sea Level 25,000 (2) (6) (9)
Sea Level Test Cell SL-3 24 x24 57 395 to 720 MachOto 1.1 Sea Level 25,000 (2) (6) (9)
Propulsion Development Test Cell C-1 28 diam 50 to 85 360 to 1,480 Mach 0 to 3.8 Sea Level to 100,000 100,000 (2) (3) (6) (9)
Propulsion Development Test Cell C-2 28 diam 50 to 85 360t0 1,110 Mach 0to 3.0 Sea Level to 100,000 100,000 (2) (6) (9)

von KARMAN GAS Test Section Total Total . Dynamic Reynolds Primary

DYNAMICS FACILITY Size, in. Pressure, psia | Temperature, °R Speed Range Pressure Altitude, ft Pressure, psf | No./ft (x106) Use*
Supersonic Wind Tunnel A 40 x 40 1.5 to 200 530 to 750 Mach 1.5 to 5.5 16,000 to 151,000 53 to 1,780 0.3t09.2 (6) (7) (14)
Hypersonic Wind Tunnel B 50 diam 20 to 900 700 to 1,350 Mach 6 to 8 98,000 to 180,000 43 to 590 0.3t04.7 (6) (7) (14)
Hypersonic Wind Tunnel C 50 diam 200 to 1,900 1,650 to 1,950 Mach 10 132,000 to 188,000 43 to 430 0.3t02.4 (6) (7) (14)
Aerothermal Wind Tunnel C 25 diam Free Jet 200 to 2,000 1,220 to 1,900 Mach 8 95,000 to 149,000 1320 1,322 0.7t07.8 (6) (7) (13)

25 diam Free Jet 20 to 180 720 to 1,660 Mach 4 56,000 to 105,000 23110 1,928 0.2t08.1 (6) (7) (13)
Aerodynamic and Propulsion Test 32 diam 20 to 160 700 to 1,000 Mach 2.20 Sea Level to 40,000 900 to 7,300 3.15
Unit (APTU) 20 to 300 700 to 1,200 Mach 2.72 10,000 to 70,000 600 to 9,300 3.16
36 diam 40 to 300 700 to 1,300 Mach 3.50 35,000 to 75,000 650 to 4,800 1.10 (1) 3) (4) (6)
42 diam Free Jet 20 to 240 700 to 1,150 Mach 2.55 Sea Level to 65,000 700 to 8,500 217 () (9) (11)
50 to 300 700 to 1,600 Mach 4.10 55,000 to 80,000 500 to 2,900 16 (12) (13)
Hypervelocity Range/Track G 120 diam - - To 24,000 fps Sea Level to 244,000 - - (8) (10)
Hypervelocity Impact Range S1 Target Tank 30 diam - - To 32,000 fps Sea Level to 10° torr - - (10)
Bird Impact Range S3 240 x 144 - - 200 to 1,400 fps Sea Level - - (10)
Contoured Nozzle Reynolds No./ft (x10%) Supply Pressure Range, atm Nominal Supply Temp, °R Usable Run Time, sec
7 3.7t015.8 180 to 815 3,460 1to5
TUNNEL 9 8 8.7 to 55.7 135to 815 1,660 0.2t00.75
10 0.86 to 21.9 35 to 955 1,810 0.2to 15
14 0.072t0 6.2 7t0 1,295 3,160 0.7t0 15
16.5 2.6510 3.2 1,295 to 1,430 3,260 3.0t03.5
Nozzle Exit Model Enthalpy, Model Pilot Erosion Simulation Primary
Diameter, in. Btu/lb Pressure, atm | Mach Number | Dust Particle Diameter, um | Dust Velocity, fps Use*
High Enthalpy Ablation Test Unit (HEAT) H1 1.8t03.5 2,000 to 9,000 17 t0 95 0.75 to 3.00 70 to 200 Graphite 5,800 to 7,300 (13)
High Enthalpy Ablation Test Unit (HEAT) HR ** 1.8t03.2 2,000 to 5,200 19to 77 1.1-4.0 —_—— - (13)
High Enthalpy Ablation Test Unit (HEAT) H2 4-98 0.896 t0 2,278 0.141t0 3.4 4.010 8.0 - —-—— (7) (13)
System Type Size Max. Specimen Weight, Ib | Max. g Remarks Primary Use*
Vibration Electrodynamic 30-in. diam 2,800 75 30K-Ib Max. Sine Force
Ling A249 at 10 g rms 32K-Ib Max. Random Force
5.2 kHz, 1.0 in. Double Amp
Impact, Vibration, and Acceleration Electrodynamic Pulse Shapes: o
Test Unit ** Ling A249 30-in. diam 2,000 o Sawtooth, Half-Sine, etc.
Shock Parallel-Pendulum —— 1,000 - Travel, 2 ft
Acceleration Centrifuge 17-ft rad 2,000 30 -
USE LEGEND: * Testing of (1) Rockets, (2) Turbojets (3) Ramijets (4) Missile Base Heating Models, (5) Space Environmental Tests, (6) Aerodynamic Models, = Currently Mothballed
(7) Aerothermodynamic Models, (8) Aeroballistic Models, (9) Combined Aerodynamic Inlet and Propulsion System Tests, (10) Impact Studies, w= Standby Status
(11) Free-Jet Expansion of Rocket Exhaust Plumes, (12) Ablative Materials, (13) Ablative and Erosive Materials, (14) Store/Stage Separation ==+ Currently Non-Operational 10/98




AEDC Test Facilities

(Nominal Values)

AEROSPACE Test Section Size Wall Temp., |Chamber Empty [Pressure Altitude, miles Thermal Radiation Primary
CHAMBERS Cross Section, ft Length, ft K Pressure, torr (1962 U.S. std Atm) Simulation Use*
Mark | 42 (Vert.) 82 77 107 210 Collimated Solar and Programmed Heat Flux
10V 10 (Vert.) 30 77 107 200 Tungsten Lamps
12V 12 (Vert.) 35 77 107 200 8-ft-diam Xenon Solar and Programmed Tungsten Lamps
v 7 24 <20 107 200 N/A
FPCC 5 5 <20 107 200 N/A
DWSG Varies Varies <20 N/A 200 N/A
BRDF 3 5 AMB 105 AMB N/A (5)
COP 2 3 77 10° 200 N/A
SAM 2 15 77 107 200 Xenon Lamp
SMOG 2 1 AMB 10 AMB N/A
7A 3 5 <20 107 200 -——=
UHV 2 3 <20 107 200 N/A
4X 10 4 10 <20 107 200 [—
CROVAC Varies 1 <20 10”7 200 N/A
DECADE 10-13k Rad(Si), 10,000 cm? target area, 1.5 by 2 m test articles in chamber
PROPULSION WIND c;rTgi Section Size Total Pressure Altitude Dynamic Reynolds Primary
TUNNEL FACILITY Section ft Length, ft Temperature, °R Speed Range (Nominal), ft Pressure, psf | No./ft (x10-6) Use*
Propulsion Wind Tunnel 16T 16 x 16 40 540 to 600 Mach 0.06 to 1.6 Sea Level to 90,000 210 1,100 0.2t0 6.0 (6) (9) (14)
Propulsion Wind Tunnel 16S *** 16 x 16 40 580 to 1,080 Mach 1.5 to 4.75 45,000 to 155,000 25 to 550 0.1to2.4 (6) (7) (9) (14)
Aerodynamic Wind Tunnel 4T 4x4 125 540 to 600 Mach 0.2 to 2.0 Sea Level to 65,000 20to 1,400 20t07.0 (6) (14)
USE LEGEND: * Testing of (1) Rockets, (2) Turbojets (3) Ramjets (4) Missile Base Heating Models, (5) Space Environmental Tests, (6) Aerodynamic Models, « Currently Mothballed
(7) Aerothermodynamic Models, (8) Aeroballistic Models, (9) Combined Aerodynamic Inlet and Propulsion System Tests, (10) Impact Studies, = Standby Status
(11) Free-Jet Expansion of Rocket Exhaust Plumes, (12) Ablative Materials, (13) Ablative and Erosive Materials, (14) Store/Stage Separation #+ Currently Non-Operational 10/98
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