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Foreword 

The role of the NASA Langley Research Center is to perform basic and applied 
research necessary for the advancement of aeronautics and spaceflight , to generate new and 
advanced concepts for the accomplishment of related national goals, and to provide research 
advice, technological support, and assistance to other NASA installations, other government 
agencies , and industry. This report highlights some of the significant tests that were per­
formed during calendar year 1989 in the NASA Langley Research Center test facili t ies , a 
number of which are unique in the world. The report illustrates both the broad range of the 
research and technology activities at the NASA Langley Research Center and the contri­
butions of this work toward maintaining United States leadership in aeronautics and space 
research. Other highlights of Langley research and technology for 1989 are described in 
Research and Technology 1989- Langley Research Center. Further information concern-
ing both reports is available from the Office of the Chief Scientist , Mail Stop 105-A, NASA 
Langley Research Center , Hampton , Virginia 23665 (804-864-6062) . 

Richard H. Petersen 
Director 
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Availability Information 

For additional information on any highlight , contact one of the individuals identified 
with the highlight. This individual is either a member or a leader of t he research group . 
Commercial telephone users may dial t he listed extension preceded by (804) 86. Telephone 
users wit h access to t he Federal Telecommunications System (FTS) may dial the extension 
preceded by 928. 
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30- by 50-Foot Tunnel --------------------------

The Langley 30- by 60-Foot 
Tunnel is a continuous-flow open­
throat double-return tunnel 
powered by two 4000-hp electric 
motors, each driving a four-blade 
35.5-ft-diameter fan. The tunnel 
test section is 30 ft high and 60 ft 
wide and is capable of speeds 
up to 100 mph. The tunnel was 
first put into operation in 1931 
and has been used continuously 
since then to study the low-speed 
aerodynamics of commercial 
and military aircraft . The large 
open-throat test section lends 
itself readily to tests of large­
scale models and to unique test 
methods with small-scale models. 

Large-scale and full-scale 
aircraft tests are conducted with 
the strut mounting system. This 
test method can handle airplanes 
up to the size of present-day 
light twin-engine airplanes. Such 
tests provide static aerodynamic 
performance and stability and 
control data, including the 
measurement of power effects 

. ' 
wmg pressure distributions, and 
flow visualization. 

Small-scale models can be 
tested to determine both static 
and dynamic aerodynamics. 
For all captive tests, the models 
are sting mounted with internal 
strain-gauge balances. The cap­
tive test methods include conven­
tional static tests for performance 
and stability and control, forced­
oscillation tests for aerodynamic 
damping, and rotary tests for 
spin aerodynamics. Dynamically 
scaled subscale models, prop-
erly instrumented, are also freely 
flown in the large test section 
with a simple tether to study 

their dynamic stability charac­
teristics at low speed and at high 
angles of attack. A small com­
puter is used in this free-flight 
test technique to represent the 
important characteristics of the 
airplane flight control system. 

The Langley 12-Foot Low­
Speed Tunnel, which is used 
extensively for static tests prior 
to entry in the 30- by 60-Foot 
Tunnel , is an atmospheric wind 
tunnel with a 12-ft octagonal 
cross section for model testing. 
The tunnel serves as a diagnostic 
facility for exploratory research 
primarily in the area of high­
angle-of-attack stability and 
control studies of various airplane 
and spacecraft configurations. 
Preliminary tests are conducted 
in the 12-Foot Low-Speed Tunnel 
?n s~mple models prior to testing 
m hlgher speed facilities on more 
sophisticated models to obtain 
more efficient test planning and 
effective use of occupancy time in 
such facilities. 

Laser Light Sheet Flow 
Visualization of High-Alpha 
Research Vehicle 

A laser light sheet system was 
installed in the Langley 30- by 
60-Foot Tunnel to support the 
High-Alpha Research Vehicle 
(HARV) test. The system was 
used to visualize the flow over an 
F-18 forebody model at angles 
of attack up to 800 and sideslip 
angles up to 1if. 

The laser light sheet system 
utilized a 6-W argon-ion laser 
coupled to an X- Y galvanometer 
mirror scanner mounted over the 
exit cone of the tunnel plenum. 
The X- Y scanner generated a 
time-averaged laser sheet that 
was capable of being posi tioned 
at any location over the model. 
An electronic control system 
located in the upper observation 
room permitted remote control 
of the mirror scanners. From 
this location, the operator was 
able to generate the proper X 
and Y drive signals necessary 

30- by 60-Foot Tunnel 
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BASIC (NO STRAKE) STRAKE ON 

Pull- cal F-1 8 forebody laser sheet flow visualization (0: = 50°) . L-90-977 

to posi tion the sheet along the 
model as well as rotate the sheet 
to be perpendicular or parallel to 
the model axis. 

Both video and photographic 
data were obtained of flow 
over th F-18 forebody with 
and without a strake. The 
interaction of the strake and 
forebody vortices was studied 
and compared to oil-flow studies. 
(D avid B. Rhodes, John 
M . Franke, Steph en B. Jones, 
and Bradley D. Leighty, 
44622) 

X-31 Static and Dynamic 
Wind Tunnel Tests 

The Defense Advanced 
Research Projects Agency 
(DARPA) is currently sponsor­
ing a joint U .S.jFederal Republic 
of Germany X-31 experimental 
aircraft program that will focus 
on flight demonstration of the 
tactical usefulness of a posts tall 
capable fighter airplane. The 
principal element in the program 

is the Rockwell International 
Corporation/ Messerschmi t t­
BCilkow-Blohm-designed con­
figuration that incorporates an 
all-movable canard, a cranked 
delta-wing planform, and thrust 
vectoring to augment pitch and 
yaw control. 

In support of the development 
of t his airplane, a seri s of 

Dynamic force tests of X-31 model. 

tests were conducted in the 
Langley 30- by 60-Foot Thnnel 
on a 19-percent scale model 
of the X-31. The wind tunnel 
studies included static force and 
moment testing and dynamic 
free-to-roll and forced-oscillation 
experiments. The results from 
these t ests indicated that the 
configuration possesses good 
levels of static stability over 
most of the angle-of-attack 
range. However, t he dynamic 
test results revealed weak to 
unstable damping characteristics, 
especially near maximum lift . 
T hese data are being u ed to 
develop suitable flight control 
laws to provide desired flight 
dynamic characteristics and to 
define an aerodynamic model 
for use in analytical and piloted 
simulat ion studies. 
(Mark Croom, 41174) 

L-89-3 65 
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Advanced Turboprop 

A joint NASA/industry coop­
erative program was developed to 
investigate the low-speed static 
and dynamic stability and con­
trol characteristics of advanced 
turboprop business/transport 
aircraft. A parametric investi­
gation of both two-surface and 
three-surface configurations was 
conducted using a 17.5-percent 
scale model in the Langley 30-
by 60-Foot Tunnel. Configura­
tion parameters included wing 
sweep, canard size, and horizon­
tal tail location. The results of 
the study showed that the base­
line configuration exhibited un­
stable roll damping, large asym­
metric rolling moments, and re­
duced aileron effectiveness at the 
onset of stall. Wing leading-edge 
droops were designed to allevi­
ate these deficiencies, and the 
improvement was successfully 
demonstrated in tethered free­
flight tests of the baseline model. 
In addition, the configuration 
study showed large potential im­
provements in cruise performance 
for three-surface configurations. 

The continuing development of 
the advanced turboprop has led 
to the design of a new concept 
that has the propellers located 
above the horizontal stabilizer. 
This configuration is intended 
to reduce community noise 
due to a shielding effect of the 
horizontal stabilizer. In addition, 
the propellers are located aft of 
the rear fuselage bulkhead to 
minimize cabin noise. 

At present, tests are being 
performed on the Over-the-Tail 
Advanced Turboprop model 
to investigate the effects of 
propeller and engine location 
on the stability and control 
characteristics of the design. 
This model is equipped with SR-
7L advanced turboprop blades, 

ORIG INAL PAG E" 
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Over-the-Tail Advanced Thrboprop concept. L-89-14718 

which were designed to operate 
at high subsonic cruise speeds. 
Future plans include tests of an 
advanced turboprop transport 
design with the propellers located 
over the wing, which has been 
shown in previous wind tunnel 
te ts to improve aerodynamic 
performance. 
(P. L. Cae, G. S. Rhodes, and 
L. Glaab, 41150) 

Full-Scale F-18 HARV 
Forebody 

ew high-angle-of-attack tech­
nologies are being developed in 
the ASA High-Angle-of-Attack 
Technology Program in order to 
enhance the maneuverability and 
agility of future fighter aircraft. 
Research on forebody aerody­
namics is an important part of 
the fl ight te t program being con­
ducted on the ASA F- l High­
Alpha Research Vehicle (HARV). 

In order to provid large-scale 
model data in support of the 
HARV flight test program, an 

investigation has been conducted 
on a full-scale model of the 
HARV forebody. The figure 
shows the F -18 HARV forebody 
mounted in the tunnel during the 
tests. The investigation consisted 
of a variety of tests including 
force, moment, and surface 
pressure measurements over a 
large angle-of-attack and sideslip 
range. Tuft studies and oil-flow 
surveys provided a method of 
identifying regions of separated 
flow, including primary and 
secondary separation lines. A 
laser light vapor screen was used 
to study the vortices generated 
by the forebody separated flow 
at high angles of attack. Tests 
were conducted to optimize 
the effectiveness of actuated 
forebody strakes for providing 
aerodynamic yaw control for 
the configuration at high angles 
of attack by manipulating the 
position and strength of these 
forebody vortices. 

Results on the basic model will 
be used for flight test correla­
tion and for providing an exper­
imental data base for use in the 
development and validation of 
high-angle-of-attack analytical 
prediction methods. The pressure 

30- by 60-Foot Tunnel 3 
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Full-scale F-18 HARV forebody model during tunnel tests. L-89-1320 

data also will be used for cali bra­
tion of a Flush Air Data System 
(FADS) on the F-18 HARV. Test 
results with forebody strakes will 
be used to guide the design of 
actuated strakes for flight test 
demonstration and for validation 
of subscale model data. 
(F . L. Jordan, G. H. Shah, 
L . J. Glaab, D. G. Murri, and 
L. P. Yip , 41136) 

Flow Visualization Using 
Liquid Crystals on Heated 
Substrate 

F low visualization has tradi­
tionally been an important di­
agnostic tool in determining the 
state of the aerodynamic bound­
ary layer. The liquid-crystal 
technique has proved to be a re­
liable flow visualization tool for 
many test conditions; however, 

assess the usefulness of a heated 
substrate to enhance the response 
of the liquid-crystal coating at 
low speeds. The experiment was 
conducted in the Langley 12-Foot 
Low-Speed Tunnel on an unswept 
wing with a chord of 16 in. at 

U co =41ft1s 

a = 0 

10 
20 
30 
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80 
90 

Inconel foil 

speeds ranging from 29 ft /s to 
58 ft/s. An Inconel foil and a 
conductive ink were used as the 
substrates. The figure shows the 
results from a test at 41 ftls and 
an angle of attack of 0°. The test 
surface was heated approximately 
3° above the ambient tempera­
ture. The Inconel foi l is the sub­
strate on the left in the figure ; 
the conductive ink substrate i 
on the right. Transition is clearly 
visible as the pattern change 
from the light region to the dark 
region at 65-percent chord. An 
intentional turbulent wedge em­
anates from the leading-edge re­
gion on the ink half. With the 
promising results of this exper­
iment , it appears that a viable 
flow visualization technique can 
be developed for low-speed appli­
cations. The experiment showed 
that substrates having higher re­
sistance may be needed in order 
to reduce th amount of electrical 
current used to heat the surface. 
(Clifford J. Obara, 43941) 

¢=::J 
Transition at 
65 percent 

Conductive ink it has shown undesirable limita­
tions in low- peed applications . 
An experiment was conducted to 

Boundary-layer transition as visualized using heated substrate and 
liquid crystals (V = 41 ftls and C\: = if). 
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Low-Turbulence Pressure Tunnel 

The Langley Low-Turbulence 
Pressure Tunnel (LTPT) is a 
single-return closed-circuit tunnel 
that can be operated at pressures 
from near vacuum to 10 atm. 
The test section is rectangular 
in shape (3 ft wide and 7.5 ft 
in height and length), and the 
contraction ratio is 17.6:1. The 
LTPT is capable of testing at 
Mach numbers from 0.05 to 0.50 
and unit Reynolds numbers from 
0.1 x uj j ft to 15 x UP j ft. 
The tunnel has provisions for 
removal of the sidewall boundary 
layer by m eans of a closed-
loop suction system mounted 
inside the pressure chamber. 
This system utilizes slotted 
vertical sidewalls just ahead of 
the model test section, and the 
removed air is reinjected through 
an annular slot downstream of 
the test section. A Bow control 
system allows the Bow and 
pressure requirements to be 
varied as dictated by tunnel 
operation . This system can be 
used to provide boundary-layer 
control (BLC) for low-drag airfoil 
research. 

A BLC system for high-lift 
airfoil testing is also available. 
This system utilizes compressed 
dry air and involves tangential 
blowing from slots located on 
the sidewall mounting end 
plates. Flowmeters can be 
used to monitor the amoun t of 
air blown into the tunne1. An 
automatically controlled vent 
valve is utilized to remove the 
air injected into the tunnel by 
this system. A high-lift model 
support and force balance system 
is provided to handle both single-

elem ent and multiple-element 
airfoils. The LTPT has been 
modified to add a passive suction 
BLC system for high-lift testing 
and a three-component laser 
Doppler velocimeter (LDV). 

The measured turbulence level 
of the LTPT is very low due to 
the large contraction ratio and 
the m any fine-mesh antiturbu­
lence screens. The excellent Bow 
quality of this facility makes it 
particularly sui table for testing 
low-drag airfoils. Recent Bow 
quality measurem ents in the 
LTPT indicate that the veloc­
ity fluctu ations in the test sec­
tion range from 0.025 percent 
at Mach 0.05 to 0.30 percent at 
Mach 0.20 at the highest uni t 
Reynolds number. 

The drive system is a 2000-hp 
direct-current motor with power 
supplied from a motor-generator 
set . The tunnel stagnation 
temperature is controlled by a 
heat exchanger, which provides 
both heating and cooling via 
steam injectors and modulated 

valves that control the Bow 
volume of water through a set 
of coils. 

High-Lift R esearch 

A cooperative test program 
in the LTPT between Douglas 
Aircraft Company and Langley 
Research Center is under way. 
The objectives of this research 
program are to gain an under­
standing of the effects of increas­
ing the R eynolds number up to 
Bight values on the maximum 
lift characteristics of advanced 
multielement high-lift airfoil ge­
ometries and to provide detailed 
Bow measurements to guide fur­
ther development of computa­
tional methods. Previous tests of 

ASA high-lift airfoils have in­
dicated that some form of tunnel 
sidewall boundary-layer control 
(BLC) is absolutely required to 
ensure span wise uniformity of the 
Bow near maximum lift condi-

Low-Turbulence Pressure Tunnel 5 
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tions. Two sidewall BLC systems 
are being evaluated; these sys­
tems include discreet tangential 
blowing of air through slots lo­
cated on the model end plates 
and distributed suction using 
porous end plates connected to 
a passive venting system. 

The first figure hows the blow­
ing configuration and its effect 
on the performance of the Dou­
glas Aircraft Company 's high-lift 
model. The loss of lift with-
out BLC is a resul t of nonuni­
form span wise flow due to tunnel 
sidewall boundary-layer sepa­
ration. The second figure is a 
schematic showing the righ t-hand 
view of the passive venting sys­
tem. This venting system was 
recently calibrated to account 
for changes in the tunnel flow 
param eters due to mass flow 
through the porous plates. The 
sidewall boundary-layer vents 
through the p orous plates, passes 
through eight constant-diameter 
hoses, and flows in to the collec­
tor. The collector efficiently in­
tegrates flow from the individual 
hoses. The spoolers are instru­
m ented to m easure accurately 
the mass flow through the vent­
ing system , which is a passive 
suction system that vents to the 
atmosphere. Due to this vent­
ing, the tunnel must be pressur­
ized in order to provide BLC. 
Also, a new computerized wake­
survey rake suitable for drag de­
termination of high-lift airfoils 
and a fast-response electrically 
scanned pressure system has been 
installed in the LTPT for this 
research program. 
(Keith B . P aschal , 41005) 
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The Langley 20-Foot Vertical 
Spin Tunnel is the only opera­
tional spin tunnel in the United 
States and one of only two such 
tunnels in the free world. The 
tunnel, which is used to investi­
gate spin characteristics of dy­
namically scaled aircraft mod­
els, is a vertical tunnel with a 
closed-circuit annular return pas­
sage. The vertical test section 
has 12 sides and is 20 ft wide and 
25 ft high. T he test medium is 
air. Tunnel speed can be varied 
from 0 ftls to 90 ftls with accel­
erations to 15 ftls2. This faeility 
is powered by a 1300-hp main 
drive. 

Spin recovery characteristics 
are studied by remote actuation 
of the aerodynamic controls 
of models to predetermined 
positions. Force and moment 
testing is performed wi th a 
gooseneck rotary-arm model 
support, which permi ts angles 

of attack from (f to ±9(f and 
sideslip angles from (f to ±2(f. 
Nlotion picture and video records 
are used to record the spinning 
and recovery characteristics in 
the spin tunnel tests. Force and 
moment data from the rotary 
balance tests are recorded in 
coeffi cient form and stored on 
m agnetic tapes. 

X-31 m odel on Rotary Balance Apparatus. 

Spin Tunnel Investigation 
of YA-7F Airplane 

At the request of the U.S. De­
partment of Defense, a spin tun­
nel investigation has been con­
ducted in the 20-Foot Vertical 
Spin TUnnel on a 1/28-scale 
model of the YA-7F airplane. 
The YA-7F is a derivative of the 
A-7 series that has been proposed 
for U.S. Air Force service. The 
objective of the spin in~estigation 
was to examine the spin and spin 
recovery characteristics of the 
YA-7F for comparison with the 
original A-7 and to establish the 
size requirements for an emer­
gency spin recovery parachute for 
the flight test airplane. Model 
tests have shown that the spin 
results for the YA-7F are gen­
erally similar to those of the 
original A-7, but the YA-7F has 
some more clearly established 
spin modes, including a flat, 
relatively fast erect spin mode 
from which marginal recoveries 
were achieved. The existence of 
these spin modes necessitated 
the lengthening of the spin chute 

20-Foot Vertical Spin Tunnel 7 
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1/ 28- cale m odel of the YA-7F airplane. 

towline to k ep the parachute 
clear of the wake of the spinning 
airplane. 

Rotary balance tests of the 
YA-7F configura tion were al 0 

conducted in t he 20-Foot Vertical 
Spin Tunnel. These tests gener­
ated an aerodynamic data base 
for use in simulation and analysis 
of spinning conditions , and the 
results showed good correlat ion 
with the free-spinning re ults . 
(D. Bruce Owens, 
Ray mond D. Whipple, and 
Daniel M. Vairo , 41194) 
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7- by 10-Foot High-Speed Tunnel ____ _ 

The Langley 7- by 10-Foot 
High-Speed Tunnel (HST) is 
a closed-circuit single-return 
continuous-flow atmospheric 
tunnel with a solid-wall test 
section 6.6 ft high, 9.6 ft wide, 
and 10 ft long. The tunnel is 
fan driven and is powered by 
a 14,OOO-hp electric motor. It 
operates over a Mach number 
range from 0.0 to 0.9 to produce 
a maximum Reynolds number 
of 4 x 106 jft . In addition to 
static testing of models to high 
angles of attack and large sideslip 
angles, the facility is equipped 
for both steady-state roll and 
oscillatory stability testing. 

The facility has an important 
role in a wide range of basic and 
applied aerodynamic research, 
including advanced vortex lift 
concepts, drag reduction technol­
ogy, highly maneuverable aircraft 
concepts, and the development of 
improved aerodynamic theories, 
such as the difHcult separated­
flow and jet interaction effects 
needed for computer-aided design 
and analysis. 

The flow visualization capa­
bility of the facility has been up­
graded through the installation 
of a permanent laser vapor screen 
system. 

Drag Reduction by 
Spanwise Blowing From 
Wingtip 

Results from small-scale model 
tests indicate that spanwise 
blowing from the tip of a low-

aspect-ratio wing significantly 
increase the lift near the tip and 
can also diffuse the tip vortex 
and displace it outboard. The 
changes to the tip vortex suggest 
that blowing can red uce the 
downwash ind uced on the wing 
and consequently reduce the 
induced drag. A semispan wing 
with slots in the wingtip has 
been tested in the Langley 7-
by lO-Foot High-Speed Tunnel 

(HST) to study the effect of 
blowing on drag (as shown in the 
figure). 

The semis pan wing had an 
aspect ratio of 5.8 and a leading­
edge sweep of 33. Seven different 
wingtips, each with two blowing 
slots, were tested to study the 
effects of slot length, vertical 
location, chordwise location in-, 
plane exhaust direction, and out-

Semispan wing with span wise blowing from wingtip. L- 9-10608 

7- by lO-Foot High-Speed Tunnel 9 

ORIG NAL PAGE 
BLACK Af'tD WHITE PHOI0GRAP..~ 



of-plane exhaust direction. The 
wing forces and moments were 
measured by a five-component 
strain-gauge balance. The 
spanwise load distribution was 
determined from the chordwise 
integration of the static pressures 
at the 25-, 50-, 70-, 80- , and 
gO-percent emispan locations. 
Each wingtip was tested over 
an angle-of-attack range from 
_2° to 11° without blowing, with 
blowing from one jet , and with 
blowing from both jets. Most 
of the tests were performed at a 
Mach number of 0.3. 

Preliminary results indicate 
that the wing drag is reduced 
for long blowing slots (15 to 
40 percent of the t ip chord) 
at a moderate jet momentum 
coefficient of 0.008. An increase 
in the wing-root bending moment 
of approximately 1 percent with 
blowing exists . The ram drag 
associated wit h the jet formation 
is approximately t he same as the 
reduction in the wing drag. 
(Raymond E. M ineck , 42879) 

Flow Vane Investigation 

Angles of attack and sideslip 
are routinely measured on re­
search aircraft through t he use of 
small, pivoting vanes t hat align 
with the local airflow direction . 
One type of flow vane consists 
of a thin rectangular balsa fl ag 
mounted on a pivot haft and 
stat ically balanced by a small 
counterweight. This vane assem­
bly has lower inertias and , con­
sequently, better response char­
acteristics than other commonly 
used vanes that are fabricated 
of metal. However, because it is 
impossible to completely seal the 
balsa wood against moisture ab-

10 

sorption, these vanes are prone to 
warp over t ime, with the hape 
on any given day being depen­
dent on the moisture content of 
the balsa at that time. The resul­
tant measurement errors may be 
significant and can change from 
day to day, making accurate cali­
bration impractical. 

In order to alleviate t his 
problem, a vane assembly having 
similar geometric and inertial 
characteristics but fabricated 
with synthetic materials was 
developed for aerodynamic 
evaluation. The new vanes 
consisted of fiberglass skins 
laminated to a nylon honeycomb 
core. Two test articles were 
built, one having a constant vane 
thickness and the other having a 
tapered thickness distribution . 
The two test articles and a 
standard balsa vane were tested 
at Mach numbers up to 0.85 
and dynamic pressures up to 
660 Ib/ ft2 in the 7- by lO-Foot 

Test results indicate that the 
balsa vane showed measurement 
error that were fairly constant 
across the range of test param­
eters, but the composite vanes 
showed errors that were depen­
dent on dynamic pressure. In 
addition , the tapered composite 
vane configuration developed a 
high-frequency aeroelastic oscilla­
tion at the highest dynamic pres­
sure of the tests . Consequently, 
it was determined that additional 
development and evaluation are 
necessary before these vanes can 
be considered flightworthy. 
(J ames B . H a llissy, C lifford 
J. Oba r a, D avid A. K er sh ner , 
a n d Homer F. Rush , 42865) 
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Balsa flow vanes on noseboom installed in Langley 7- by lO-Foot HST. 
L-89-4223 
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14- by 22-Foot Subsonic Tunnel ____ _ 

The Langley 14- by 22-Foot 
Subsonic TUnnel (formerly the 
4- by 7-Meter TUnn el) is used 
for low-speed testing of powered 
and unpowered models of various 
fixed- and rotary-wing civil and 
military aircraft. The tunnel is 
powered by an 8000-hp electrical 
drive system, which can provide 
precise tunnel speed control 

- from 0 ftls to 318 ftls with 
the Reynolds number per foot 
ranging from 0 to 2.1 x 1 rj. The 
test section is 14.5 ft high, 21.8 ft 
wide, and approximately 50 ft 
long. The tunnel can be operated 
as a closed tunnel with slotted 
walls or as one or more open 
configurations when the sidewalls 
and ceiling are removed to allow 
extra testing capabilities, such as 
flow visualization and acoustic 
tests. The tunnel is equipped 
with a two-component laser 
velocimeter system. Furthermore, 
boundary-layer suction on the 
floor at the entrance to the test 
section and a moving-belt ground 
board for operation at test 
section flow velocities to 111 ftls 
can be installed for ground effect 
tests. 

Langley R esearch Center has 
completed significant modifica­
tions to the 14- by 22-Foot Sub­
sonic TUnnel to improve and ex­
pand its aerodynamic and acous­
tic test capability. One of the 
m ore significant aerodynamic im­
provem ents was achieved through 
the use of flow deflectors installed 
downstream of the first corner of 
the tunnel circuit to improve the 
performan ce of the tunnel fan. 
The deflec tors resulted in a more 
uniform velocity distribution into 
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the tunnel drive system and elim­
inated regions of large-scale flow 
separation in the return leg of 
the tunnel circuit . 

A turbulence reduction sys­
tem consisting of a grid, a honey­
comb, and four fine-mesh screens 
dramatically reduced the level of 
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longitudinal t urbulence in tensity 
in the tunnel test section. This 
system provided a reduction in 
turbulence of 50 percen t or m ore 
for the closed test section config­
uration . Periodic flow pulsations 
that occurred at several speeds in 
the unm odified configuration of 
the open test section were elim­
inated by the installation of a 
new flow collector. 

Acoustic reverberation m 
the open test section were re­
duced through the use of sound­
absorbing panels on the tes t 
cham ber walls. A major op era­
tional improvem ent was achieved 
through the construction of 
a specially designed laser ve­
locimeter laboratory for setup 
and main tenance of the two­
component laser velocimetry sys­
tem . Finally, an addi tion to the 
m odel prep aration area, which 
includes a support system and 
rotor test cell, provides the ca­
pabili ty to assemble and test 
rotor models in hovering condi­
tions prior to act ual en try into 
the tunnel. 

Joint Army/ B ell H elicopter 
Textron Flow Field M easure­
m ent Program 

A joint program with the 
U.S. Army and Bell Helicop ter 
Textron (BHT) has been con­
ducted to in vestigate the high 
power consumption in the aft 
portion of the helicop ter rotor 
disk. The objectives of the pro­
gram conducted in the Langley 
14- by 22-Foot Subsonic Tun­
nel were to define the inflow to 
the rotor disk and the resul tant 
wake and to correlate the mea­
surements with rotor blade loads 
and performance analyses. Flow 
visualization, the tunnel laser 

12 

ve10cimetry system , and pressure­
instrumented m odel rotor blades 
provided by BHT were used to 
acquire flow velocity and blade 
pressure data at selected operat­
ing conditions (generally at wind 
speeds of 156 kn ots) . The da ta 
acquired in the program will be 
used to further the understanding 
of the rotor power consumption 
problem. Th e information will 
be shared with other helicop ter 
manufact urers as agreed to by 
represen tatives of BHT. 

The laser velocimetry sys-
tem includes a high-powered 
laser that measures two veloc­
ity components of flow around 
and through the rotor disk , a re­
m otely controlled flow seeding 
ystem that injects many 1.7 J.Lm 

particles for a high data rate, 
and sophi ticated compu ter sys­
tems that acquire and reduce 
da ta. The computers precisely 
control the flow measuring point 
that can span the width of the 
tunnel. The system has taken 
years to develop and now is qui te 
produ ctive. Bell Helicop ter Tex-

tron provided the lO-ft-diameter, 
highly instrumented rotor and 
the power system to dri ve the 
rotor. In addi tion to flow mea­
surements, flow visualization wi th 
sm oke was video recorded. Video 
enhancement wi th digitization 
techniques available at Langley 
R esearch Center has been accom­
plished to provide a greater un­
der tanding of rotor inflow/wake 
at the high wind speed conditions 
tested. The successful acquisition 
of this information when digested 
will contribu te to enhancem ent 
of rotor performance predictions 
and thus better helicopter design . 
(Joe W. Elliott, D anny 
R. Hoad, Susan L. A lthoff, 
a nd Richard H . Sailey, 
45055) 

P art icle Sizing Test s 

The Langley 14- by 22-Foot 
Subsonic Tunnel instrumentation 
includes a maj or laser Doppler 

Installation of Bell Helicopter Tex tron rotor test apparat us and laser 
velocimeter in Langley 14- by 22-Foot Subsonic Tunnel. L- 9-6555 
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velocimeter (LDV) system. The 
measurement accuracy is depen­
dent on the dynamic response 
of the laser light scattering me­
dia. The scattering material used 
in this facility is composed of 
1. 7-/-Lm-diameter polystyrene la­
tex spheres. These particles are 
suspended in a 50-percent by vol­
ume water/alcohol solution. The 
mixture is injected in the air­
flow via an array of spray nozzles 
located in the facility settling 
chamber. The low vapor pres ure 
of the water/alcohol mixture al­
lows it to evaporate as i t travels 
85 ft to the test section. 

The purpose of the particle siz­
ing test was to verify that the 
process of injection and subse­
quent evaporation process of the 
liquid carrier do not result in ag­
glomeration of a significant num­
ber of the particles. These tests 
were conducted with a commer­
cial aerodynamic particle sizer. 
With the tunnel operating at a 
speed of 50 ft/s, samples of the 
seeded air in the tunnel test sec­
tion were taken. These samples 
were obtained for particle/liquid 
concentrations ranging from 0.65 
x 1cf3 to 2.59 x 1cf3 particles per 
milliliter. The typical results of 
the tests are shown in the figure 
depicting particle counts versus 
log diameter. Two particle count 
peaks occurred. The first peak 
is at approximately an O.75-/-Lm 
diameter and is the residllAI pa r­
ticulate background of the tun­
nel. This residual background is 
present with or without the tun­
nel wind on. Test comparisons 
of the residual background with 
and without the injection of the 
unseeded liquid carrier are essen­
tiaJly the same. This com pari on 
suggests that the liquid carrier 
is not a significant contributor 
to the facility background. The 
second peak of the particle size 
distribution plot occurred at a 
1.6-J.Lm particle diameter. This 
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Number of particle counts versus log diameter for Langley 14- by 22-
Foot Subsonic Tunnel seeder. 

peak was displaced to a one­
particle-size channel below the 
expected peak value of 1. 7 /-Lm. 
The two-sigma deviation of each 
distribution is 0.2 /-Lm. 

The selected nominal LDV 
seed particle diameter is 1.7 /-Lm . 
The results of the particle siz­
ing tests show that the maxi­
mum aerodynamic particle size is 
1.6/-Lm ±0.2 /-Lm , and little or no 
agglomeration of the particles ex­
ists. A secondary residual back­
ground particle peak also occurs 
at 0.75 /-Lm ±0.2 /-Lm. This sec­
ondary background will not de­
crease the measurement accuracy. 
If this secondary background 
should significantly contribute 
to the detected background noise, 
it could reduce the measurement 
precision . No indication of signif­
icant background noise has been 
observed. 
(T. E. Hepner, W. W. Hunter, 
44594, Cecil Nichols, and 
J oe Elliott) 

Effect of Solidity on 
Propeller/Nacelle Forces 

The forces generated by a 
propeller (when the inflow to 
the propeller disk is at an angle 
to the thrust line) are major 
contributors to pitch and yaw 
stability on propeller-driven 
aircraft . While it is well-known 
that these propeller forces are 
a function of the number of 
blades, no published data have 
existed for the high numbers 
of blades which are used in the 
new advanced deSigns. A test 
was conducted recently in the 
Langley 14- by 22-Foot Subsonic 
Tunnel using a sting-mounted 
counterrotation propeller and 
nacelle to determine the effect 
of blade solidity on propeller­
generated forces by varying th 
number of blades used. 

The configurations tested 
were combinations of 0, 4, and 
8 blades per hub. Each configu­
ration was tested over a nacelle 
angle-of-attack range from _40 

to 900 at three blade angle set-

14- by 22-Foot Subsonic Tunnel 13 
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Counterrotation propeller system used for solidity studies. 

t ings and over a range of power 
ettings typically used during 

takeoff and approach conditions. 
T he results show a variation 
of propeller normal force with 
both solidity and nacelle angle 
of attack. These data provide a 
needed addition to the propulsion 
integration design data base for 
advanced turboprops. 
(D ana J . Dunham, 45061) 

Performance Tests of 
LASE External Heat 
Exchanger 

Tests were performed in the 
Low-Velocity Aerodynamic Re­
search Tunnel (LVART) to de­
termine the performance of the 
uniquely designed external heat 
exchanger for the Lidar Atmo­
spheric Sensing Experiment 
(LASE). The LVART is associ­
ated wi th the Langley 14- by 22-
Foot Subsonic Tunnel. The heat 
exchanger is designed to cool an 
alexandrite laser system housed 
in the Equipment Bay (Q-Bay) 
of the ER-2 aircraft and is at­
tached externally underneath the 
fuselage. Estimates of cooling 

the Q-Bay with a conventional 
staggered tube design indicated 
marginal resul ts. Thus, a design 
was developed to increase the 
frontal tube area exposed to the 
air. This design consisted of 28 
circular finned aluminum tubes 
(0.413 in. interior diameter) ar­
ranged in two parallel banks. 

Previous wind tunnel tests 
w re carried out in which the 
performance of a prototype de-
ign configuration was compared 

to the performance of a conven­
tional staggered configuration. 
These test indicated that the de­
sign configurations outperformed 
the conventional staggered config­
uration by approximately 6 per­
cent at a flight coolant Reynolds 

14 Langley Aerospace Test Highlights- 1989 

----~j 



ORIGINAL Pf\GE 
BLACK AND WHITE PHOTOGRAPJd. 

Facility test setup. 

number of 3500. This comparison 
was reevaluated with the flight 
heat exchanger because several 
modifications were made to the 
prototype before the flight unit 
was completed. Additional tests 
were also performed to predict 
the performance of the flight heat 
exchanger over the LASE flight 
envelope and determine all mar­
gins of operation . 

The flight heat exchanger was 
used as the wind tunnel test 
model. The figure shows the 
support plumbing, the isobath, 
and t he heat exchanger located 
in the tunnel test section in 
the background. The tubes 
were housed in a rectangular 
enclosure 3.75 in. high, 22 in. 
wide, and 36 in. long. A damper 

door , located at t he frontal 
opening, is used to control the 
amount of air passing through 
the heat exchanger. A solution 
of 60 percent ethylene glycol and 
40 percent water was circulated 
through the tubes at flow rates 
equivalent to flight condit ions. 
These flow rates resulted in 
coolant Reynolds numbers 
of 3013 to 4821. As shown 
in the figure , an isobath was 
used to provide a constant 
temperature fluid source, and 
several temperature and pressure 
probes were used to monitor the 
fluid and tunnel air properties. 

Wind t unnel tests were carried 
out at an airflow Reynolds num­
ber simulating flight conditions of 
2.8 x 105/ft to .3 x 105/ft. These 

1-89-14214 

Reynolds numbers resulted in 
tunnel velocities of approximately 
42 ftls to 140 ft/s. Results of 
the tests indicate that at fl ight 
coolant Reynolds numbers of 
3013 and 4821 , the flight design 
outperforms the conventional de­
sign by 1 percent and 4 percent, 
respectively. Air pressure drop 
and fluid and air temperature 
results were used in a heat ex­
changer analysis code to predict 
performance over the LASE flight 
envelope. These results showed 
adequate margins over the entire 
flight profile and stable control of 
the heat exchanger damper door 
for all possible door positions. 
(Brian D. Killough, 47047) 

14- by 22-Foot Subsonic Tunnel 15 
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8-Foot Transonic Pressure Tunnel 

The Langley 8-Foot 
Transonic Pressure Tunn el 
(TPT) is a variable-pressure 
slotted-throat wind tunnel with 
controls that permit independent 
variations of Mach number, stag­
nation pressure and temperature, 
and dew point . Air is circulated 
through the circuit by an axial 
compressor located downstream 
of the test section diffuser and 
driven by an electrical drive sys­
tem. The test section is square 
with filleted corners and a cross­
sectional area approximately 
equivalent to an 8-ft-diameter cir­
cle. The floor and the ceiling of 
the test section are axially slot­
ted (approximately a 6.9-percent 
porosity in the calibrated test 
region) to permit continuous op­
eration through the transonic 
speed range. The sidewalls are 
solid and fitt ed with windows for 
schlieren flow visualization. Th e 
contraction ratio of the test sec­
tion is 20: 1. 

Tunn el stagnation pressure can 
be varied from a minimum of 
approximately 0.25 atmosphere 
at all test Mach numbers to ap­
proximately 1.0 atmosphere at 
a Mach number of 1.2, approxi­
mately 1.5 atmospheres at high 
subsonic Mach numbers, and 
approximately 2.0 atmospheres 
at Mach numbers of 0.4 or less. 
Temperature is controlled by wa­
ter from an outside cooling tower 
circulating through cooling coils 
across the corner of the tunnel 
circuit upstream of the settling 
chamber. Th e tunnel air is dried 
until the dew point temperat ure 
is reduced enough to prevent con­
densation in the flow by use of 
dryers using silica gel desiccant. 

16 

Building containing Control Room 
and auxiliary pumping equipment 

Cooling coils 

Schematic of Langley 8-Foot Transonic Pressure Tunnel . L-89-1339 

Based upon both centerline 
probe and wall pressure mea­
surem ents, generally uniform 
Bow is achieved over a test sec­
tion length of at least 50 in. at 
Mach numbers of 0.20 to 1.20. 
The higher the Mach number, 
the shorter the region of uniform 

flow becomes. The tunnel is ca­
pable of achieving Mach numbers 
to approximately 1.3, but most 
testing is limi ted to a maximum 
Mach number of 1.2, since the 
calibrated region of the test sec­
tion for M = 1.3 is farther down­
stream than for lower Mach num-

Langley Aerospace Test Highlights- 1989 
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Slotted test section. 

bers and requires that a model 
be located further aft in the test 
section. 

The 8-Foot TPT is a very ver­
satile wind tunnel capable of 
supporting basic Buid dynam-
ics research as well as a wide 
range of applied aerodynamic 
research. With the installation of 
screens and honeycomb in con­
junction with the recently com­
pleted Laminar-Flow-Control Ex-

periment, the quality of the Bow 
in the test section is suitable for 
performing reliable code valida­
tion experiments. The test sec­
tion already is instrumented with 
many ceiling, Boor, and sidewall 
pressure orifices; more orifices 
could be added easily if desired. 
In addition, fixed chokes and test 
ection slot covers are currently 

being designed which would per­
mit data to be obtained on both 
open and closed tunnel con fig-

1-8 -11585 

urations as well as improve the 
Bow quality in the test section by 
blocking upstream propagation of 
diffuser noise. 

Recalibration and Flow 
Quality Tests 

Following the completion of 
the Laminar-Flow-Control Ex­
periment, the test section of the 

8-Foot Transonic Pressure Tunnel 17 
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Centerline calibration tube in 8-Foot TPT. L-89-04367 

Four-finned probe in 8-Foot TPT. 

-Foot TPT was restored to its 
original slotted three-dimen ional 
transonic test configuration. Ex­
cept for the addi tion of screens 
and honeycomb in the settling 
chamber, the tunnel is in essen­
tially the same configuration as 

L- 9-05 79 

when it was last calibra ted in 
1972. Tests were undertaken to 
cali brate the test section free­
stream Mach number against the 
Mach number based on plenum 
pressure and to determine the 
effect of the honeycomb and 

screens on the test section flow 
quality. 

For the Mach number calibra­
tion , the same centerline tube 
and wall orifices were used as had 
been utilized for the earlier 1972 
calibration . Mach numbers were 
obtained from static pressures 
every 0.5 in. in the test section . 
Although the analysis is not yet 
complete, no reason exists to ex­
pect any significan t deviation 
from the 1972 calibration . 

The flow-quality test were 
conducted using hot-wire 
anemometers and a Kuli te 
mounted on a four-finned probe 
on the centerline of the test sec­
tion. Several Kulites also were 
installed on the surface of the 
test section walls and on the 
tip of a sidewall-mounted strut. 
These data are still undergoing 
analysis. Comparison with ear-
Ii l' flow-quali ty data measured 
before the installation of the hon­
eycomb and creens is difficul t 
because of the advances in hot­
wire anemometry techniques in 
the intervening years, but the 
turbulence levels are as low as 
any found in this type of facility. 
(Charles D. Harris and 
Cuyler W. Brooks , Jr. , 
41054) 
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Transonic Dynamics Tunnel ______ _ 

Conversion of the original 
Langley 19-Foot Pressure Tun­
nel into the Transonic Dynamics 
Tunnel (TDT) was begun in the 
late 1950's to satisfy the need 
for a large transonic wind tun­
nel dedicated specifically to work 
on the dynamics and aeroelastic 
problems associated with the de­
velopment of high-speed aircraft. 
Since the facility became opera­
tional in 1960, it bas been used 
almost exclusively to clear new 
designs for safety from flutt er 
and buffet, to evaluate solutions 
to aeroelastic problems, and to 
research aeroelastic phenomena 
at transonic speeds. 

The tunnel is a slo tted-throat 
single-return closed-circuit wind 
tunnel with a 16-ft by 16-ft test 
section. The stagnation pressure 
can be varied from slightly above 
atmospheric to near vacuum, 
and the Mach number can be 
varied from 0 to 1.2. Test section 
Mach number and density are 
both continuously controllable. 
A 30,000-hp fan motor is used to 
drive the test medium at various 
velocities. The facility can use 
either air or a heavy gas (R12) 
as the test medium. The tunnel 
has a reclamation system so that 
the beavy gas can be purified and 
reused. 

The facility is equipp d with 
many features uniquely suited 
to dynamic and aeroelasticity 
testing. These features include 
a computerized data acquisi­
tion system especially designed 
to rapidly process large quanti­
ties of dynamic data, a system 
for rapidly reducing test section 
Mach number and dynamic pres-
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sure to protect models from dam­
age when aeroelastic instabili-
ties occur, a ystem of oscillating 
vanes to generate sinusoidal vari­
ation in tunnel flow angle for use 
in gust response studies, and spe­
cial mount systems that enable 
simulation of airplane free-flight 
dynamic motions and of launch 
vehicle ground wind loads. 

New hml\ 

Mach number 

Former and present operational 
boundaries of TDT. 

The heavy gas (R12) medium 
is usually used during aeroelas­
tic testing in the TDT because 
it has several advantages over 
air for dynamically scaled mod­
els. The R12 is four times heav­
ier than air, and this allows for 
the design of heavier (and con­
sequently stronger) models that 
still meet the mass density scal­
ing ratios for proper modeling of 
full-size aircraft. Furthermore, 
the speed of sound in R12 is one­
half that of air; this allows for 
lower dynamic frequency caling 
ratios that benefit data acqui­
sition and model safety and for 
lower tunnel power requirements 
during operation. Currently the 
heavy gas reclamation system is 
being upgraded through a fiscal 
year 1989 Major Construction of 
Facilities (CoF) project, which is 
due to be completed in late 1991. 
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Planform Curvature 
Effects on Flutter of Swept 
Wing 

One configuration being stud­
ied for High-Speed Civil Trans­
port (HSCT) applications in­
volves curving the leading and 
trailing edges of the outboard 
portion of the wing to improve 
aerodynamic performance. Be­
cause little is known of the effects 
of leading-edge curvature on wing 
flutter, the present study was 
undertaken to determine experi­
mentally the effects of planform 
curvature on transonic flutter of 
a series of moderately swept wing 
models and to compare the ex­
perimental result with analytical 
results. 

Three generic flutter models 
were designed and fabricated to 
represent the outboard portion 
of a HSCT wing. The radii of 
curvature of the leading edges of 
the three models were infinity (no 
curvature), 200 in. and 80 in. , 
respectively. The planform area 
for all models was the same, 
900 in 2 , as were the length 
and location of the root and 
t ip chords. The leading-edge 
sweep angle of the uncurved 
wing was 53° . A photograph of 
the moderately curved model i 
shown in the fir t figure. 

The flu tter boundarie that 
were obtained over the Mach 
number range of 0.6 to 1.0 are 
presented in the econd figure as 
the variation of the Flutter Speed 
Index (FSI) with Mach number. 
The FSI , a nondimensional veloc­
ity parameter that is frequently 
used to correlate flutter results 
obtained for different models, de­
pends on flow condition , struc­
tural stiffness, and planform ge­
ometry. The analytical bound­
aries were calculated using FAST 
(Flutter Analysis Software Sys-
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HSCT model mounted on sidewall. L-89-5086 
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Flutter speed results for three HSCT plan forms. 

tern) , which is a flutter prediction 
program using subsonic kernel 
function unsteady aerodynamics. 
The experimental data show that 
the FSI increases as the plan­
form curvature is increased . This 
trend also is seen in the analyt­
ical results that agr e well with 
the experimental data. Further­
more, the flutter results for the 

curved leading-edge configura­
tions do not exhibit any unusual 
characteristics that would pre­
clude, from a flutter point of 
view, the use of such designs on 
advanced configurations. 
(D onald F. Keller and 
Maynard C . Sandford, 41259) 
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Aileron-Buzz 
Characteristics for Generic 
NASP Model 

Aileron buzz is a high­
frequency trailing-edge control 
surface oscillation that can occur 
at transonic peeds. Although 
buzz is often a low-amplitude vi­
bration, it sometimes results in 
catastrophic dynamic instabilities 
that can lead to a loss of aircraft 
control. Because the National 
Aero-Space Plane ( ASP) vehicle 
may have a full-span trailing­
edge control urface, a research 
study has been undertaken to 
determine the buzz characteris­
tics for this type of control sur­
face mounted on a highly swept 
delta wing (as might be used on 
a ASP configuration). 

The model tested consisted of 
a 60°-swept delta wing with a 
full-span control surface attached 
to the trailing edge. The photo­
graph in the first figure shows the 
model configuration. The con­
trol surface was attached to the 
main wing by using two flexures. 
The rotational frequency of the 
aileron could be changed by us­
ing flexures of different t iffness, 
and three different levels of flex­
ure stiffness were used. Some 
of the aileron-buzz results are 
shown in the second figure as 
the variation of dynamic pres­
sure with Mach number. The 
shaded symbols indicate where 
sinusoidal, undamped (constant 
amplitude) aileron oscillations oc­
curred. The square symbols mark 
the least stiff flexure case, and 
the circle symbols indicate the 
middle stiff flexure case. The di­
amond symbols mark the stiffest 
flexure case. The crosshatched 
area and solid symbols indicate 
where the oscillations became di­
vergent. In the subsonic range, 
aileron oscillations were not ob­
served for dynamic pressures up 
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NASP aileron-buzz model. L-89-2456 
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Aileron-buzz instabili ties for three flexure sti/fnesses. 

to 200 Ib/ft2 (tunnel limit). In 
the tran onic range, each of the 
three configurations tested ex­
hibited aileron buzz . Aileron os­
cillations in thi region ranged 
from a low-amplitude, steady­
state condition to an explosive 
or divergent , condition . Because 
aileron oscillations did not oc­
cur in the subsonic range, it is 
probable that all oscillations ob-

served throughout this test were 
shock induced. Two other results 
were learned from these tests. 
First, the Mach number at which 
steady-state oscillations occur in­
creased with aileron frequency 
(stiffer flexure), and second , the 
amplit ude of the undamped os­
cillations (for a given aileron 
spring-rate) appeared to be pro­
portional to dynamic pressure. 
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T he experimental resul ts also re- I 
vealed that aileron oscillations 
became divergent at Mach 1 for 
all configurations tested. 
(Ellen C . Parker a nd 
Charles V. Sp a in , 41258 ) 

Multi-lnputiMultioutput 
Active Flutter Suppression 
System 

The Active Flexible Wing 
(AFW) P rogram is a joint Lang­
ley Research Center/ Rockwell 
International Corporation pro­
gram with the overall goal of 
demonstrat ing the effective-
ness of mul ti-input / mult ioutput 
(MIMO), mul t ifunction digi-
tal control systems to favo rably 
change aeroelastic respons . Spe­
cific research obj ctives of the 
program are to validate the ana l­
y is, synthesis, simulation, and 
test methodologies necessary to 
per form such a demon t ration. 
T he corn rstone of t hi research 
is a series of wind t unnel tests of 
a sophisticated aeroelast ic model. 

A photograph of the AFW 
wind tunnel model mounted in 
the wind tunnel test section is 
shown in the figure. The model is 
equipped with leading-edge and 
trailing-edge aerodynamic cont rol 
surfaces for implementing a va­
riety of active control functions. 
During this eries of tests , one of 
several tests planned to study a 
variety of act ive control concep ts , 
ingle-function, digital MIMO ac­

t ive flu tter suppression systems 
were implemented and t heir per­
formance evaluated . Model fl ut­
ter boundaries were determined 
fo r the act ive flu tter suppression 
systems that were not operat ing 
(open loop). Subcri t ical response 
data were obtained for t hree ac-

-. 
AFW model m oun ted on ting. 

tive fl utter suppression systems 
that were operating (closed loop), 
wi th each designed using different 
conc pts . During these tests the 
wind tunnel model hardware, dig­
ital computer hardware and sup­
porting software, and controller 
performance evaluation oftware 
worked extremely well. Th test 
resul ts showed that the active 
systems were very effective in fa­
vorably changing t he flu tter char­
acterist ics of t he AFW model. It 
was clearly demonstrated tha t 
the flutter dynamic pressure of 
the model could be increased by 
more than 20 percent by using 
active flutter suppression . 

This wind t unnel test afforded 
the opportunity to validate t he 
analysis, synthesis, simulation , 
and test m thodologies. The 
knowledge and insight gained 
from thi test, especially where 
experimental results and ana­
lytical predict ions differ , are ex­
tremely valuable and provide a 
firm foundation upon which to 
build fu t ure research studie fo­
cusing on active flu tter suppres-

sion and other active control ap­
plications. 
(Boy d P erry III and 
St anley R. C o le , 42840) 

Reduction of Rotorcraft 
Vibrations by Use of Blade 
Nonstructural Mass 

Historically, rotorcraft have ex­
perienced substantial vibration 
problem . One means of reduc­
ing the e vibrations is through 
the addi tion of non t ructural 
mass to the rotor blades. T hese 
masses are intended to t une the 
blades so that the vibration are 
reduced to an acceptable level. 
Generally, t hese problems have 
been addressed in t he postdesign 
phase by modi fy ing the rotor sys­
tems on prototype or production 
aircraft . However , recent rotor 
blade design techniq ues hav at­
tempted to provide low-vibration 
characteristics without later re-
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qui ring design modifications. 
This design method requires the 
use of highly accurate analytical 
prediction techniques. Many of 
the early attempts to design low­
vibration rotors have been unsuc­
cessful due to the inadequacy of 
these prediction methods. The 
objectives of this research pro­
gram are to systematically inves­
tigate helicopter vibration reduc­
tion through the use of nonstruc­
tural blade masses and to obtain 
an experimental data base for 
correlation, validation, and devel­
opment of analytical prediction 
methods. 

Aeroelastically scaled model 
rotor blade hardware was fabri­
cated for testing on the Aeroe­
lastic Rotor Experimental Sys­
tem (ARES). A photograph of 
the ARES mounted in the wind 
tunnel is presented in the first 
figure . The model rotor blades 
were constructed to facilitate 
the insertion of tungsten or steel 
mas es at 13 preselected stations 
along the span of each blade. 
Tests were conducted to pro-
vide parametric data of the ef­
fects of mass radial placement, 
both size and location, on ro­
torcraft vibrations throughout 
a representative forward-flight 
speed range. Data were obtained 
for three different thrust condi­
tions at representative propulsion 
forces throughout the forward­
flight speed range. Rotor trim 
condition was also a test variable. 
A sample of the test results is 
shown in the second figure. This 
plot shows four-per-revolution 
vertical fixed-system loads for a 
single tungsten mass locat d at 
several different radial locations. 
Reductions in load of up to 30 
percent were achieved by the ap­
propriate selection and placement 
of a nonstructural mass, clearly 
showing that the addition of non­
structural mass has the potential 

----- ----
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ARES model with research blades installed. L-90-324 
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for substantially reducing vibra­
tion levels. 
(Matthew L. Wilbur, 
William T. Yeager, J r . , 
P a ul H. Mirick , 
J effrey D. Singleton , and 
W. K eat s Wilkie, 41268) 

Reduction of Rotor 
Impulsive Noise Using 
Higher-Harmonic Pitch 
Control 

One of the mo t objectionable 
types of helicopter noise i due 
to blade-vortex interaction 
(BVI). This impul ive noise 
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source is due to aerodynamic 
interact ion of the rotor blades 
with previously shed blade tip 
vortices. Analytical studies have 
indicated that decreases in blade 
lift and/or vortex strengths 
should reduce the intensity of 
the interactions and thus noise. 
Based on this concept , the use of 
higher harmonic control (HHC) 
of blade pitch angle, historically 
studied as a means to reduce 
helicopter vibration , would offer 
potential for noise reduction . 

A study was conducted using 
the ARES with a four-bladed 9-
ft-diameter rotor in the TDT. In 
the photograph (first figure), mi­
crophones are shown positioned 
upstream and downstream of the 
model. A unique sound power 
measurement technique was de­
veloped for the test because of 
the TDT reverberance and Freon 
environment. Using a specially 
developed open-loop HHC sys­
tem, prescribed higher harmonic 
pitch motion was superimposed 
on the normal blade pi tch for a 
broad range of rotor operating 
conditions. It was found that the 
pitch control could significantly 
increase or decrease the noise 
depending on the control ampli­
tudes and phases. An HHC input 
of particular interest was a four­
per-revolution collective blade 
pitch motion giving a _1° ampli­
tude at 60° blade azimuth . This 
pitch corresponds to the pitch 
being minimized near predicted 
BYI locations. 

The second figure shows 
a contour plot of t he noise 
reductions found when this 
pitch control was used. The dB 
level reductions shown are the 
differences of spatially averaged 
noise levels between the control 
and no-control case in which the 
flight conditions are matched. 
The flight range shown is for 
descending flight conditions 
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typical of landing approach . The 
noi e reductions (up to 4.7 dB) 
are greater for the lower speeds 

where, without HHC, impulsive 
BYI noi e is most evere. The 
results show the noise reduction 
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concept to be viable. The effects 
of higher harmonic pitch controls 
on vibration and noise directivity 
remain to be addressed. 
(Thomas F. Brooks, 
Earl R . Booth, Jr., and 
W illiam T. Yeager, Jr., 
43634) 

Ground Wind Loads for 
Atlas II 

The Atlas II expendable 
booster is being developed by the 
General Dynamics Corporation 
to launch both mili tary and 
commercial payloads into orbit. 
It is longer than previous Atlas 
configurations and will be able 
to launch larger and heavier 
payloads. As with all launch 
vehicles, there is concern about 
ground wind loads while the 
vehicle is on the launch pad 
being prepared for launch. The 
Atlas II is required to withstand 
loads produced by winds up to 
30 knots. Ground wind loads 
include both steady drag loads 
and dynamic loads resulting 
from oscillatory flow around 
the vehicle. To determine the 
characteristics of the ground 
wind loads of the Atlas II, a 
1/12-size dynamically scaled 
model was tested. A photograph 
of the test apparatus is shown 
in the first figure. The model 
booster and umbilical tower 
were bolted to a large turntable 
that could be rotated 3600 to 
simulate ground winds from any 
compass bearing. The payload 
fairing shown in the figure 
simulated a 14-ft-diameter full­
scale fairing that will be used 
for large payloads. A simulated 
ll-ft-diameter fairing was also 
tested. The damper that extends 
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Atlas II ground wind loads model mounted on turntable. 1-89-7023 

out from the gantry to the 
booster was also simulated in the 
wind tunnel tests. 

The variation of the resultant 
bending moment (a vector 
addition of steady and dynamic 
moments) near the base of 
the model booster for one fuel 
condition and at a typical wind 
compass bearing with wind 
velocity is shown in the second 
figure. The model data have 
been scaled to the full-scale 

values. The critical limit bending 
moment for the full-scale booster 
is also shown. Data obtained 
without the damper show that 
the critical limit is exceeded at 
approximately 23 knots. With 
the damper installed , however, 
the bending moment at 30 knots 
is less than the critical limit. 

These tests have shown that , if 
final launch procedures are begun 
only when the weather forecast is 
good, launches will rarely, if ever, 
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have to be scrubbed because of 
excessive winds after the fueling 
process has begun. 
(Moses G. Farmer, 
Ellen C. Parker, and 
Bryan E. D a nsberry, 41263) 
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16-Foot Transonic Tunnel _BLA_C_K_A_l\D_WH_IT_E_P_HO_T_OG_RA_P_tl_ 

The Langley 16-Foot Tran­
sonic Tunnel is a closed-circuit 
single-return continuous-flow 
atmospheric tunnel. Speeds up 
to Mach 1.05 are obtained with 
the tunnel main-drive fans , and 
speeds from Mach 1.05 up to 
Mach 1.30 are obtained with a 
combination of main-drive and 
test section plenum suction. The 
slotted octagonal test section 
measures 15.5 ft across the fiats. 
The tunnel is equipped with an 
air exchanger with adjustable in­
take and exit vanes to provide 
some temperature con trol. This 
facility has a main-drive power 
of 60,000 hp, and a 36,000-hp 
compressor provides test section 
plenum suction . 

The tunnel is used for force, 
moment, pressure, flow visualiza­
tion, and propulsion-airframe in­
tegration studies. Model moun t­
ing consists of sting, sting-strut, 
and fixed-stru t arrangements; 
propulsion simulation studies 
are made with dry, cold, high­
pressure air. 

The 16-Foot Transonic Tunnel 
has undergone several major 
modifications. These include a 
floor-mount system to facilitate 
semispan model testing and a 
model preparation area for model 
buildup and calibration. 

Off-Design Performance of 
Supersonic-Cruise 
Expendable Nozzles 

Nozzles utilized for one-way 
missions (e.g.) missile) must be 
designed for light weight and low 
cost . These requirements dictate 
a simple, fixed-geometry nozzle 
design. ozzles designed for su­
per onic crui e generally require 
var iable-geometry features for 
high performance at both sub­
sonic and supersonic peed. 
Thus, nozzles designed for ex­
pendable, upersonic-cruise ve­
hicles require innovative features 
that t ake advantage of internal 
exhaust flow eparation patterns 
or allow variable geometry with 
lit tle increase in nozzle weight. 

A cooperative experimental 
investigation with AlIi on Gas 
Turbine has been conducted to 
assess the off-de ign performance 
of innovative nozzle designs 
intended for use on expendable, 
supersonic-cruise vehicles. A 
typical nozzle configuration 

installed in the 16-Foot Transonic 
Tunnel test section is shown in 
the figure. The nozzle shown 
represents a simple variable­
geometry scheme that utilizes 
explosive bolts for operation. At 
subsonic speeds, four simple flaps 
would lock with explosive bolts 
into a closed position forming 
a small circular-shaped exit. 
As vehicle peed increase , two 
of the explosive bolts would 
be activated to release two of 
the flaps and form a larger exi t 
area (and nozzle expansion 
ratio) as shown in the figure. At 
supersonic crui e, the remaining 
two flaps would be released to 
form a cruciform-shaped exit 
and an even larger exit area. 
Tests were conducted at an angle 
of attack of 00 over a Mach 
number range from 0 to l.27. 
High-pressure air was used to 
simulate j t exhaust at nozzle 
pressure ratios from l.0 (jet off) 
to approximately 10.0. A ix­
component balance was used to 
measure forces and moments on 
the nozzle. 
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Simple variable-geometry nozzle configuration . L-89-06481 

Preliminary results indicate 
that fixed geometry nozzles de­
signed to take advantage of in­
ternal flow separation patterns at 
low nozzle pressure ratios (typ­
ical of subsonic operation) did 
not operate efficiently at sub­
sonic speeds . In addition, the 
base shape of the aft turbine fair­
ing (internal centerbody visible 
in the figure) had little effect 
on nozzle performance. Inter-
nal static pressure measurements 
on the nozzle divergent flaps indi­
cate that massive exhaust flow 
separation occurred inside all 
nozzle configurations tested at 
subsonic speeds . These results in­
dicate that a simple variable ge­
ometry scheme may be required 
for efficient vehicle performance 
at both subsonic and supersonic 
speeds. 
(R. J. Re, 43005, B. L. B errier, 
and J. G. Taylor) 

Superfan Nacelle Drag on 
Low-Wing Transport Model 

Advances in structural mate­
rials , machining methods, and 
computer-aided design techniques 

have allowed the use of more effi­
cient, high-aspect-ratio wings in 
commercial transport aircraft. 
Improvements in turbofan ef­
ficiency realized by increasing 
the ratio of fan flow to core flow 
(that is , bypass ratio or BPR) 
have produced larger nacelle sizes 
for the same thrust. Therefore, 
the size of the nacelles relative to 
the wing chord has grown dra­
matically. This raises the po­
tential for much higher installed 
nacelle interference drag (due 
to detrimental effects of the py­
lon/nacelle on the wing flow field, 
or the wing on the pylon/nacelle 
flow field). 

An experimental program has 
been conducted on unpowered 
flow-through , pylon-mounted 
nacelles simulating turbofans 
(superfans) with a BPR of 
approximately 20 installed on a 
twin-engine low-wing transport 
model. For comparison purposes, 
current technology nacelles 
simulating turbofans with a 
BPR of approximately 6 were 
also tested. T he model used for 

Pratt & Whitn ey superfan nacelles on low-wing transport model. 
L-89-03317 
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t hese tests is a generic twin­
engine, low-wing transport 
model having a 60-in. wing 
span and a supercritical airfoil 
with 21° sweep at the 1/4 chord 
line. Douglas Aircraft Company 
in Long Beach , California , 
designed the wing and baseline 
nacelles in the early 1980's for 
a cruise Mach number of 0.77 
to obtain better fuel economy 
in response to the fuel crisis 
of 1977. One pair of superfan 
nacelles was designed more 
recent ly by Douglas Aircraft 
Company, and the other pair , 
shown in the figure, was designed 
by P ratt & Whitney of East 
Hart ford, Connecticut. Tests 
were conducted in the 16-Foot 
Transonic Thnnel at Mach 
numbers from 0.50 to 0.80 and 
at angles of attack from _4° 
to 6° . Nacelle incidence and 
toe-in angles, relative to the 
model centerline, were varied to 
determine the best orientation 
for minimum drag with the 
pylon/ nacelles mounted at the 
0.4 semispan location on the 
wing. 

Results of this investigation 
indicate that superfan nacelles 
can be installed with little or 
no interference drag penalties. 
Even though their larger sizes do 
produce higher nacelle skin fric­
tion drag levels, compared to the 
baseline nacelles, t he higher na­
celle drag is more than offset by 
the predicted , improved specific 
fuel consumption, resulting in 
substant ially lower aircraft direct 
operating costs. 
(0. C . Pendergraft , Jr. , 
43008 , R. J. Re, 
A . M. Ingr a ld i, 
and T. T. K ariya) 

Transonic Characteristics 
of Advanced Vectoring 
Nozzles 

An experimental investiga-
tion has been conducted to de­
termine the uninstalled perfor­
mance characteristics of two ad­
vanced vectoring exhaust nozzles. 
Transonic wind tunnel tests were 
made wi th an axisymmetric noz­
zle in which vectoring was accom­
plished through actuation of the 
divergent section of the nozzle. 
This concept permits divergent 
fl ap vectoring through the use 
of synchronizing rings and ac­
tuators and by universal joint 
attachments of the divergent 
flaps at t he nozzle throat . The 
other nozzle tested was a spher­
ical convergent fl ap type that 
maintains the circular duct shape 
to the nozzle throat resulting in 
a spherical-shaped convergent­
flap section. Then , t he divergent 
fl aps and sidewalls form a rect­
angular flowpath from the nozzle 
throat to the exit . Thrust vector­
ing with this concept is achieved 
by rotation (in any direction) of 
the rectangular divergent sec-

tion about the spherical-shaped 
convergent-flap section (similar to 
the motion of a ball and socket 
joint) . 

High-pressure air was used 
to simulate the jet exhaust. 
Forces and moments on the 
after body / nozzle (downstream of 
the metric break) were measured 
with a six-component strain­
gauge balance. External static 
pressure orifices were located 
on the nozzles. Model variables 
included nozzle divergent flap 
length and yaw vector angle. 
Tests were conducted at Mach 
numbers from 0 to 1.28 and a 
nozzle pressure ratio from 1.0 (jet 
off) to approximately 8. 

Preliminary results indicate 
that the spherical convergent flap 
nozzle generally had lower noz­
zle drag than the axisymmetric 
vectoring nozzle over the range 
of Mach numbers tested. Both 
nozzles, however, had nearly the 
same yawing moment characteris­
tics at a yaw vector angle of 20° . 
(F.J. C apone, 43004, and 
G. T . Carson, J r. ) 

Model wi th spherical convergent flap nozzle. L-89-057-13 
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National Transonic Facility _______ _ 

The National Transonic Fa­
cility (NTF) is a cryogenic fan­
driven transonic wind tunnel 
designed to provide full- scale 
R eynolds number simulation in 
the critical flight regions of most 
current and planned aircraft. 
The NTF can operate at Mach 
numbers from 0.2 to 1.2, stag­
nation pressures from I atm to 
9 atm , and stagnation tempera­
tures from 340 K to 80 K. Th e 
maximum R eynolds number ca­
pability is 120 x ](P at a Mach 
number of 1.0, based on a refer­
ence length of 0.25 m. 

Construction of the NTF 
was completed in Sep tember 
1982. The t unnel was declared 
operational in Augu t 19 4, and 
aerodynamic calibration and 
research and development testing 
were begun in that year. 

On Januaq 18, 1989, the 
t unnel hardware immediately 
upstream of the fan cam e loose 
and went through the fan , 
resul ting in the fan blades 
being damaged beyond repair. 
Th e recovery from the fan 
blade mishap is now complete. 
Operational checkout of the NTF 
in the air m ode of operation 
has been completed. However, 
problems with the liquid-ni trogen 
pumps, not associated with 
the mishap, have re ulted in 
the operational checkout of the 
facili ty over its full operational 
envelope being delayed until 
1990. 
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Model D eformation M easure­
ments With Improved Video 
Photogrammetry System 

Charge Coupled Device (CCD) 
cameras and computer-controJled 
video fram e digitization boards 

have been incorporated into a 
system to photogrammetrically 
measure wing deflection and 
twist at the NTF. This system 
is an improved version of an 
earlier system that included high-

Boeing 767 

!tLoL M = 0.8 a = 4.2
0 

Pt = 57.6 psia Tt = -156 OF 

o . l . 4 . 0 .8 I 

y / bl2 

Video image of Boeing 767 model recorded at NTF. 
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resolution tube-type cameras. 
The new system eliminates both 
the vibration-induced distortion 
associated with tube cameras and 
the manual processing of video 
hardcopy images necessary in the 
earlier system. 

The new system was used 
to acquire data on a targeted 
Boeing 767 model at the NTF. 
In the figure, the Mach number 
M was 0.8, the angle of attack 
Q was 4.~ , the total pressure 
Pt was 57.6 psia, and the total 
temperature Tt was - 15(f F. The 
maximum wingtip deflection for 
this condition was found to be 
0.71 in. The maximum wing 
twist was les than 1° . The 
wall targets that surround the 
wing on the figure were used 
to check for image jitter, which 
could affect the accuracy of the 
measurement, by comparing 
the repeatability of the image 
coordinates for this condition 
to the repeatability without 
flow at ambient conditions. T he 
image jitter was found to be 
small enough not to appreciably 
affect the accuracy. In addition, 
image motion of the fuselage and 
wing targets was found to be 
consistent with rigid-body lateral 
motion. 
(A. W. Burner, 44635, 
W . L . Snow, and 
S. G. Flechner) 

Reynolds Number Effects 
on Subsonic 
Energy-Efficient Transport 
Model 

An investigation has been con­
ducted in the TF to deter­
mine Reynolds number, aeroe­
lasticity, boundary-layer transi­
tion, and nonadiabatic wall tem-
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Pathfinder I in NTF. 

perature effects for a subsonic, 
energy-efficient transport model 
(Pathfinder I). The model was 
tested over a Mach number range 
from 0.50 to 0.86 and a Reynolds 
number range from 1.9 x 106 to 
approximately 23.0 x 106 (based 
on mean geometric chord ). The 
majority of the data were taken 
using cryogenic nitrogen; 
data at a Reynolds number of 
1.9 x 106 were taken in air. Lon­
gitudinal force and moment , wing 
pressure, and wing thermocouple 
data were taken. 

The data indicate that increas­
ing the Reynolds number resulted 
in greater effective camber of the 
supercritical wing and horizontal 
tail , thus re ulting in greater lift 
and pitching-moment coefficients 
at nearly all angles of attack 
for a Mach number M of 0.82. 
As Reynolds number was in­
creased, the untrimmed lift/drag 
ratio L / D increased , the angle 
of attack for maximum L/ D de­
creased, drag cr ep was reduced 
significantly, and drag-divergence 
Mach number increased slightly. 
Data repeatabili ty for both 

~-----.~--~----~~--~ 

L-86-10666 

modes of operation of the TF 
(air and cryogenic nitrogen) was 
generally very good, and nonadi­
abatic wall effects were estimated 
to be small. Transition-free and 
transi tion-fixed configurations 
had significantly different force 
and moment data at M = 0.82 
for low Reynolds numbers , and 
very small differences were noted 
at high Reynold number. 
(Peter F. Jacobs and 
Blair B. Gloss, 42855) 
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O.3-Meter Transonic Cryogenic Tunnel __ _ 

The Langley 0.3-Meter Tran­
sonic Cryogenic Tunnel (T CT ) is 
a closed-circui t cryogenic pres­
sure tunnel. The test section 
Mach number is variable be­
tween 0.2 and approximately 1.3, 
with sui table adjusted test sec­
tion shapes. The stagnation pres­
sure can vary from slightly over 
1 bar up to 6 bars and the stag­
nation temperature from 340 K 
down to approxim ately 77 K 
(- 19(fC). The test gas is nitro­
gen. The wide ranges of pressure 
and temperat ure allow the study 
of approximately a 30- to-1 range 
in R eynolds number effects. A 
maximum Reynolds number of 
more than 100 x 1rP 1ft is pos­
sible. The 0.3-Meter T CT has 
autom atic control of Mach num­
ber, pressure, and temperature. 

The tunnel was placed in 
operation in 1973 as a three­
dimensional pilot tunnel to 
demonstrate the cryogenic wind 
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t unnel concep t at transonic 
speeds. Th e successful demon­
stra tion of the cryogenic concept 
in the 0.3-Meter T CT played 
a major role in the decision to 
build the U.S. National Transonic 
Facili ty (NTF). Subsequently, 
the 0.3-Meter TCT has played 
a major par t in the Advanced 
Technology Airfoil program be-

cause the tunnel allows Reynolds 
number effects to be studied in 
two-dimensional testing. The 0.3-
Meter T CT currently is involved 
in the evaluation of testing tech­
niques for improving data quality 
(by minimizing boundary in ter­
ferences) in both two- and three­
dimensional testing. The combi­
nation of fl ight Reynolds number 

37.90 It --------- -----+-1 1---------- ------:(12.430 m) 

5.191t 3.72 It 

Boundary-layer 
control N2 return 

(1.702 m) (1 .219 m) 111-------=====~Tf-----m-_m_~-...:..::=-m_....,fr,J 
! 

Slid ing joints 

Dri ve 
-rt-r-1It+t-t-t- mota r 

Sketch of 0.3-Meter TCT with 13-in. by 13-in . two-dimen ional A dap tive Wall Test Section installed. 
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capability and minimal boundary 
interferences makes the 0.3-Meter 
TCT a powerful tool for aeronau­
tical research at transonic speeds. 

During more than 15 years of 
operation, the 0.3-Meter TCT 
has run with three diHerent 
test sections. The original test 
section was octagonal with a 
sting-type model support system. 
In 1975, an 8-in. by 24-in. two­
dimensional test section was 
installed with slotted top and 
bottom walls. In 1985, a new 
Adaptive Wall Test Section was 
installed. 

The Adaptive Wall Test 
Section (AWTS) is nominally 
square with 13 in. sides and 
has an eHective length of 55.8 in. 
This unusual transonic test 
section has four solid walls with 
a flexible floor and ceiling. The 
complete test section is enclosed 
in a pressure shell that forms a 
73.2-in.-long insert into the 0.3-
Meter TCT tunnel circuit. 

A system of 21 computer­
controlled jacks supports each 
flexible wall. These flexible 
walls are made of 308 stainless 
steel. The A WTS has motorized 
model support turntables and a 
traversing wake survey probe, 
both of which are computer 
controlled. 

For each data point, the flex­
ible walls are adapted to shapes 
that drastically minimize wall in­
terferences that would otherwise 
exist. In two-dimensional test­
ing, the walls follow streamline 
shapes that would exist around 
the model if it were in free air. 
The floor and ceiling of the test 
section in eHect become invisible 
to the model. With wall inter­
ferences minimized, the model 
size and therefore the Reynolds 
number capability of the tunnel 
can be increased. In addition, the 
removal of noisy slots in the test 

View of 0.3-Meter TCT A WTS with left side of surrounding pressure 
shell removed. 

section gives the added benefit of 
much improved data quality. 

For two-dimensional testing, 
the A WTS has provisions for 
both active and passive sidewall 
boundary-layer control (BLC). 
Porous plates can be fitted into 
the rigid sidewalls just upstream 
of the model location. This BLC 
system allows the inve tigation 
of another source of boundary 
interference. 

Tests have been conducted in 
the AWTS with two-dimensional 
airfoils ranging in chord from 
6 in. to 13 in. Chord Reynolds 
numbers of more than 100 x 1rfi 
have been achieved. The walls 
have been adapted successfully 
with lift coefficients up to 1.5 
and Mach numbers up to 0.95. 
Sidewall-mounted wings and 
three-dimensional wing bodies 
have been tested recently to 
evaluate the wall adaptation 
techniques for minimizing three­
dimensional wall interference. 

Sidewall Boundary-Layer 
Removal and Wall 
Streamlining in Airfoil 
Tests 

Airfoil tests in two-dimensional 
wind tunnels have two primary 
sources of interference which 
include the top and bottom wall 
interference, which is uniform 
acro s the model span, and the 
airfoil-sidewall j unction flow, 
which varie along the span. To 
keep the wall interference effects 
small on model measurements, 
the Langley O.3-Meter Tran onic 
Cryogenic Thnnel (O.3-Meter 
TCT) employs two special test 
section wall features. First, the 
top and bottom walls are flexible. 
The walls are moved to free-air 
streamline shapes; this relieves 
the constraining effect. Second, 
the test section sidewalls have 
perforated panels mounted ahead 
of the model station. Removal 
of flow through the perforated 
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Effect of sidewall boundary-layer removal on wall streamlining (M 
0.765 and Re = 20 x lrf3 ). 

panels thin the boundary layer 
(BL) at the model station . 
With reduced boundary- layer 
th ickness, the extent of three­
dimensional flow at the airfoil-
idewalJ junction is smaller . 

The objectives of this study 
were to validate the combined 
wall movement and sidewall 
boundary-layer removal operation 
and eval uate the extent of 
sidewall influence in the 0.3-
M t r TCT airfoil t t data. The 
study employed a 9- in.-chord c 
upercritical airfoil model which 

was designed and fabricat~d 
at the National Aeronautical 
Estab lishment (N AE) of Canada. 
The test section height h (13 in .) 
to model chord ratio and the 
width to chord ratio are both 
equal to 1.4. The relatively large 
model size for the test sect ion 
rep resented a severe test case for 
wall movement and sidewall 
flow removal under cryogenic 
conditions. 

The flow removal from the 
sidewalls, while reducing the 

boundary- layer th icknes , also 
introduces a change in the test 
Mach number. The adaptive 
capabili ty of the top and bottom 
wall allows the walls to be 
moved in order to adju t for 
these changes. This capability 
allows evaluations of sidewall 
removal while maintaining a 
constant Mach number. 

The airfo il test were made 
with and without sidewall re­
moval for the same M (0.765 ) 
and Reynolds number Re 
(20 x 106) . The walls were moved 
iteratively to free-air streamline 
hapes. The boundary-layer re­

moval opera tion did not intro­
duce any diffi culty in the wall 
streamlining process . The study 
showed t hat t h removal influ­
ence on airfoi l pressure measure­
ments at mid-span was small. 
This suggests that the sidewall 
influence in t h 0.3-Meter TCT is 
probably sma ll due to relatively 
thin boundary layers that are less 
than 1 percent of the test section 
wid th . However , the boundary­
layer removal influenced the wall 

shapes significantly. The walls 
had to be moved closer to the 
model to maintain the same test 
Mach number in spite of the re­
duced mas flow in the model 
region. 
(A. V. Murthy and E. J. Ray, 
46359) 

Transition Detection by 
Infrared Imaging in 
Cryogenic Environment 

Cryogenic wind tunnel testing 
was developed as a m ans of 
matching the Reynolds numbers 
on models to those on airplanes 
in flight . This matching is 
required for proper reproduction 
of the viscous interaction between 
the body and the a irflow. In 
particular , knowledge of the 
location of the boundary-layer 
transit ion from a laminar to a 
turbulent state is crucial. 

Infrared imaging is the method 
of choice among flow visualiza­
tion technique for transit ion 
detection in convent ional wind 
tunnels. For the cryogenic en­
vironment, th is method has, in 
principle, the right attribute be­
cau e it is nonintrusive and con­
ducive to high-productivity test­
ing. This method also provides 
an easily interpretable global pic­
ture of the wing boundary-layer 
regimes. However , two main dif­
fi cul ties arise when implementing 
thi technique at low tempera­
tures . The first problem is due 
to the sharp drop in the radiated 
energy wi t h decreasing tempera­
ture according to the T4 energy 
radiation law. The second dif­
fi cul ty is due to the continuous 
shift ing to longer wavelengt h of 
the peak energy radiation as the 
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target temperature goes down 
(Wienn 's displacement law). To 
evaluate this technique at low 
temperatures, a commercially 
available camera, sensitive to in­
frared radiation in the 8 J.Lm to 
12 J.Lm range, was selected. The 
camera was mounted outside the 
0.3-Meter TCT. The optical path 
for the airfoil radiation passed 
through a system of two win­
dows (test section and plenum 
wall ) and two front-surface mir­
rors inside the plenum to direct 
the radiation; the windows were 
zinc selenide and germanium, 
respectively. 

The target airfoil was a modi­
fied 12-percent supercritical air­
foil with a 9-in. chord and 13-
in. span. The airfoil structural 
spar was Vascomax C-200 cov­
ered with a thin composite skin 
to reduce the surface reflections 
and minimize the heat conduc­
tion into t he substrate. 

According to the Reynolds 
analogy, the heat transfer coef­
ficient and the skin fri ction co­
efficient behave similarly under 
fully developed boundary-layer 
flows . Therefore, the boundary­
layer characteristics can be in­
ferred from its thermal signa­
ture on the airfoil surface. To 
enhance the thermal signature 
of the transition, a positive tem­
perature perturbation (smaller 
than 1 percent of the free-stream 
temperature) was imposed on 
the flow. The subsequent tem­
perature response of the surface 
showed the effects of the differ­
ence between the heat transfer 
coefficients under the laminar 
and the turbulent boundary-layer 
regime; the part of the airfoil un­
der the turbulent boundary-layer 
heated faster than the part under 
the laminar regime. The figure 
shows the result of a pixel-by­
pixel subtraction of two thermo­
grams taken before and after the 

Transition forced by pressure orifices 

Natural transition 

Transition detection by IR imagery in the 0.3-Meter TCT (Too = 220 K , 
Moo = 0.56, and R ec = 4.65 x UP). 

temperature perturbation; the 
lighter area is under the turbu­
lent flow. The focus is on the 
temperature difference between 
the laminar and turbulent areas 
of the airfoil rather than on t he 
absolute temperature of its sur­
face. This technique also filters 
out apparent temperature differ­
ences on the airfoil surface due to 
local variations in the emittance. 
Using this method , natural and 
forced tran it ion were detected at 
free-stream and surface tempera­
t ures down to 170 K. 

One interesting finding was 
that the pressure orifices on the 
airfoil surface caused enough of a 
disturbance to trip the boundary 
layer. Another finding was t hat 
the compression region behind 
a shock wave could be detected 
by its thermal signature on 
the airfoil. Some of the resul ts 
obtained in this study were 
confirmed with micro-thin hot 
films deposited directly on the 
airfoil surface. 
(Ehud Gartenberg and 
William G. Johnson , Jr., 
45133) 
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Unitary Plan Wind Tunnel 

Imm ediately following World 
War II, the need for wind tunnel 
equipment to develop advanced 
airplanes and missiles was rec­
ognized. Th e military and the 
National Advisory Committee 
for Aeronautics (NACA) devel­
oped a plan for a series of facil­
ities which was approved by the 
United States Congress in the 
Unitary Wind Tunnel Plan Act 
of 1949. This plan included five 
wind tunnel facilities, three at 
NACA laboratories and two at 
the Arnold Engineering Develop­
ment Center. Th e Langley Uni­
tary Plan Wind Tunn el (UPWT) 
was among the three built by 
NACA. Th e UPWT is a closed­
circuit continuous-flow variable­
density tunnel with two 4-ft by 4-
ft by 7-ft test ections. Th e low­
range test section has a design 
Mach number range of 1.5 to 2.9, 
and the high-range section Mach 
number varies from 2.3 to 4.6. 
Th e tunnel has sliding-block-type 
nozzles tha t allow continuous 
variation in Mach number while 
on-line. The maximum Reynolds 
number per foot varies from 
6 x 1rP to 11 x 1rP depending 
on Mach /lumber. The tunnel 
is used for force and moment, 
pressure distribution , jet effects, 
dynamic stability, and heat trans­
fer studies. Flow visualization 
data, which are available in both 
test section , include schlieren , oil 
flow, and vapor screen . 
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Supersonic Aerodynamic 
Characteristics of 
Proposed Personnel 
Launch System 
Lifting-Body Configuration 

NASA is considering a Per­
sonnel Launch System (PLS) to 
supplement the Space Shuttle in 
transporting crew to and from 
Space Station Freedom. The sys­
tem is launched by an expend­
able booster and consists of a 
personnel carrier vehicle for 8 to 
10 crew and passengers. Several 
candidate configurations are be­
ing studied for the carrier vehicle. 
One of t he proposed shapes is 
a lifting-body configuration ap­
proximately 25 ft in length . This 
configuration has a low aspect ra­
tio with a flat undersurface and 
a blunt base. Three fins for aero­
dynamic control are mounted on 
the upper aft body. The center­
line fin is relatively small, and 
the larger outboard fins are rolled 
outward 40° from th vert ical. 
The fins have thick flat plate 
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cross sections with cylindrical 
leading edges and blunt trailing 
edges. Control surfaces, referred 
to as elevons, make up the trail­
ing edges of the outboard fins. 
The entire center fin is pivoted 
about the midpoint of its root 
chord to act as a yaw control de­
vice. In addition, the vehicle has 
four body flap control surfaces 
(two on the upper body and two 
on the lower) . These surfaces are 
flush with the body contour and 
are only deflected outward. 

A series of wind t unnel inves­
tigations has been undertaken 
to define the aerodynamic char­
acteristics of t his lifting-body 
configuration across the speed 
range from low-subsonic to hy­
personic condit ions. The current 
test was conducted in the UPWT 
using an 0.07-scale model. The 
tests were made at Mach num­
bers from 1.6 to 4.5 at a constant 
Reynolds number of 2.0 x 106 j ft 
(3.4 x 106 based on body length) . 
The model was sting mounted 
through its base, and forces and 
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moments were measured with an 
internally mounted strain-gauge 
balance. 

Results of the investigation 
indicated that the lifting-body 
configuration has supersonic 
aerodynamic characteristics that 
appear promi ing for a PLS. The 
model was longitudinally and 
laterally stable at supersonic 
Mach numbers about it design 
center-of-gravity position of 0.54 
body length. At a Mach number 
of 4.5, it trimmed with controls 
neutral near the maximum 
lift/drag ratio, a value of 1.3. 
Longitudinal control deflections 
in excess of _10° or combined 
elevon and body flap deflections 
are needed to trim and control 
the vehicle at positive lift values 
through the Mach range of 3.5 
to 2. 
(G eorge M . W a r e, 45246) 

Aerodynamics of Tactical 
Missile With Opposing 
Wraparound Tail Fins 

Tube-launched tactical missiles 
often mploy wraparound fins 
that can be folded against the 
missile body for compact storage 
within the launch tube. These 
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fins are normally curved in the 
same direction to match the body 
surface, with each fin covering 
approximately one-fourth of the 
body circumference when folded . 
When these curved fins are used 
as tail surfaces, m chanical 
deployment can be a problem 
due to the limited space available 
in the aft region of a missile. 
Another method of deploying this 
type of fin is to use the energy of 
the rocket exhaust to blast the 
fins into their deployed position. 
Thi method would require four 
side-mounted exhaust ports to 
deploy the four conventional 
wraparound fins. 

A study has been conducted on 
an alternate design whereby the 
fins are mounted on the body in 
opposing pairs, with one folded 
beneath the other prior to de­
ployment. In this manner, only 
two nozzles would be required to 
deploy all four fins. This config­
uration has vertical symmetry, 
and thus it will not possess the 
inherent rolling motion of the 
conventional wraparound design . 
To permit this configuration to 
be controlled with simple planar 
canards, a rolling moment must 

--0- Body alone 
--0- Body/unshaved tai l 

~ ~ Body/shaved tail 
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Rolling-moment characteristics of opposing wraparound tail missile 
(Mach = 1. 6, ¢ = 0, and no canards). 
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be produced on the configuration. 
One unconventional method of 
achieving t hi moment is to shave 
very shallow bevel on each tail 
fi n. 

Tail fins with and wi thout 
beveling were tested at low 
super onic Mach numbers, 
over a range of angles of attack 
0 , roll angles ¢, and canard 
deflection angles. Typical rolling­
moment characteristics for this 
configuration are shown in the 
figure. T he unbeveled tails 
and t he body alone produce 
li ttle rolling moment Cl . The 
beveled tails, however , int roduce 
a significant rolling moment to 
the configuration. Moreover , t his 
moment is virt ually constant 
wi th angle of attack. T hus 
shallow beveling of the opposing 
wraparound tail fins appears 
to be an effective method of 
producing t he desired rolling 
motion fo r this configuration. 
(Jerry M. A llen, 45592) 

Experimental Evaluation of 
Mach 4 Waverider Model 

A waverider configuration that 
was optimized for Mach 4 flight 
was designed using a hypersonic 
cone-derived waverider optimiza­
tion code tha t was developed by 
the University of Maryland under 
a ASA grant . Tests were con­
ducted on a model of this con­
figuration in the UPWT. Force 
and moment , pressure, and flow­
visualization (i.e. , vapor-screen, 
oil-flow , fluorescent minitufts, 
shadowgraph, and schlieren pho­
tographs) da ta were obtained 
to determine the aerodynamic 
characteristics of this family of 
shapes. The test Mach num-
bers ranged from 1.5 to 4.5 for 
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Mach 4 waverider m odel. 

Reynolds number varying from 
1 x 106 j ft to 4 x 106 j ft . An­
gles of attack varied from - 16° to 
14° , and the sideslip angles var­
ied from - 5° to 5° . The model 
geometry was generated for a 
configuration t hat would produce 
an opt imized maximum lift-to­
drag ratio (L j D )max for wind 
tunnel te t condi t ions. A baseline 
model was al 0 fabricated which 
maintained the same area distri­
bution as the optimized configu­
ration but wi t h the upper surface 
fl attened to remove the effect of 
camber and dihedral. 

The experimental data showed 
good agreement with results 
from th optimization code 
(at the design condit ions) and 
with theoretical results from an 
Eul r solver. Shadowgraph and 
schlieren photographs verified 
that th bow shock wa very 
nearly attached to the leading 
edge of the model at the design 
condit ions. The mini tuft and oil­
flow photographs showed that the 
flow at the design Mach number 
remained at tached on the upper 

L- 8-11595 

surface throughou t the angle-of­
attack range and that the flow 
remained attached for angles of 
attack above _4° on the lower 
surface. 
(Steven X. S. Bauer, 45946) 

Aerodynamic Forces, 
Moments, and Pressure 
Distributions on Generic 
Store Separating From 
Cavity at Supersonic 
Speeds 

Resul ts from several investiga­
tions defining the aerodynamic 
characteristics of store eparat­
ing from cavi ties at supersonic 
speed have been reported in 
the li terature. These investi­
gations have been generally for 
specific missile configuration , 
and , in most cases, only force and 
moment measurements are pre­
sent d . An experimental inve -
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Installation of separation model in UPWT. L-89-06995 

t igation was recently completed 
in the UPWT to provide force, 
moment, and surface-pressure 
data on a generic store separating 
from a generic box cavity. The 
cavity was installed in a vertical 
splitter plate that simulated the 
parent body. 

A generic store shape was se­
lected in order to simplify the 
store flow field and to make the 
test article more amenable to 
simulation by computational 
fluid dynamics (CFD) techniques. 

Separate tore models were used 
to obtain the pressure measure­
ments and the force and moment 
measurements. The store pres­
sure model was instrumented 
with 100 pressure orifices, and 
the force and moment model 
was instrumented with a six­
component strain-gauge balance. 
T hese store models were ogive­
nose cylinders that had a length­
to-diameter ratio of 20.00. 

Measurements were obtained 
for the store separating from 

a box cavity whose depth was 
varied to give cavity length­
to-depth ratios L/h of 16.78, 
12.07, and 6.73. The tests were 
conducted on free-stream Mach 
numbers of 1.69, 2.00, and 2.65. 
Preliminary results for the 
store separating from the two 
shallow cavity configurations 
(L/h = 16.78 and 12.07) 
showed very large longitudinal 
and circumferential pressure 
gradients occurring on the store 
when it was located inside or 
near the cavity; these pressure 
distributions resulted in large 
positive pitching moments 
on the store. When the store 
separated from the deep cavity 
(L/h = 6.73), pressure gradients 
on the store were small, and the 
pitching-moment coefficients were 
approximately zero. 
(Robert L. Stallings, J r., 
Floy d J . W ilcox , Jr., a nd 
Dan a K. Forrest, 42877) 

Supersonic Aerodynamic 
Characteristics of Mach 3 
High-Speed Civil 
Transport Configuration 

In support of the Langley Re­
search Center High-Speed Air­
frame Integration Research (Hi­
SAIR) program, wind tunnel 
tests were conducted to deter­
mine the supersonic aerodynamic 
characteristics of a High-Speed 
Civil Transport (HSCT) con­
figuration. The tests were con­
ducted in both test sections of 
the UPWT at Mach numbers 
from 1.6 to 3.6 for a Reynolds 
number of 2 x 106/ft. Angles of 
attack ranged from _2° to 10°, 
and sideslip angles ranged from 
- 4° to 4°. 
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Wind tunnel model of HSCT concept. 

The blended wing-body config­
uration has a blunt nose plan­
form , a highly swept inboard 
wing panel, a moderately swept 
outboard wing panel , and a 
wingtip that is either traight 
or curved. Force and moment 
and flow-vi ualization data have 
been acquired on the configura­
tion with a straight wingtip with 
and without nacelles. Data on 
the curved wingtip configuration 
will be acquired at a future date. 

Preliminary analysis of the test 
results indicates that the cruise 
performance is slightly below the 
initial estimates. The pitching­
moment characteristics exhibited 
an unstable trend at low angle 
of attack which increas d at 
higher angles due to tip tall. 
The re ults from these tests 
will be used to refine the overall 
performance estimates for this 
HSCT configuration and will 
provide a baseline from which 
configuration improvements 
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can be analyzed in the HiS AIR 
program. 
(Gloria Hernandez, Jeffrey 
D . Flamm, and Peter F. Cov­
e ll , 45572) 

Supersonic Performance 
Characteristics of NASP 
Parametric Inlet Model 

In support of the National 
Aero-Space Plane ( ASP) Pro­
gram, tests were conducted on 
a parametric inlet configuration 
in the high Mach number test 
sect ion of the UPWT at Mach 
numbers from 2.3 to 4.6. 

The purpose of this investi­
gation was to det rmine perfor­
mance on sidewall compression 
inlets and the effects inlet start-

L-89-129 7 

ing mechani m components have 
on inlet performance. The per­
formance characteristics were de­
termined by measuring idewall 
pressure distributions, pressure 
recovery, mass capture, spilled 
mass , and spillage drag. Several 
inlet geometric parameter (in­
cluding variations in aspect ratio, 
contraction ratio , and sidewall 
compression angle) were inves­
tigated. These data will be ex­
tremely valuable for future com­
putational fluid dynamics code 
validation studies . 

Preliminary analyses of the 
test result how the merit of 
variable geometry inlets for op­
timum performance throughout 
the supersonic speed range. 
(William A. Corlett, 45911) 
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Hypersonic Facilities Complex _ ____ _ 

The Hypersonic Facilitie 
Complex consists of several hy­
personic wind tunnels located 
at four Langley Research Cen­
ter sites. They are considered 
as a complex because together 
these facilities represent a major 
unique national resource for wind 
tunnel testing. The complex cur­
rently includes the Hypersonic 
CF4 (tetrafluoromethane) Tun­
nel (M = 6), the Mach 6 High 
Reynolds Number Tunnel, the 
20-Inch Mach 6 Tunnel, the 
Mach 8 Variable-Density Tun­
nel, the 31-Inch Mach 10 Tunnel , 
the Hypersonic Nitrogen Tunnel 
(M = 17), and the Hypersonic 
Helium Tunnel (M = 20). These 
facilities are used to study the 
aerodynamic and aerothermo­
dynamic phenomena associated 
with advanced space transporta­
tion systems, including future 
space transfer and Personnel 

Launch System vehicles; to sup­
port the development of the Na­
tional Aero-Space Plane technol­
ogy, lunar and Mars entry vehi­
cles, and hypersonic missiles and 
transports; and to perform basic 
fluid mechanics studies, to es­
tablish data bases for calibration 
of computational fluid dynam­
ics (CFD) codes, and to develop 

measurement and testing tech­
niques. A significant amount of 
the current testing in these facil­
ities is classified, thus restricting 
the amount and content of test 
results that can be reported in 
the open literature. 

This complex of facilities pro­
vides an unparalleled capability 

CF4 TUNNEL HIGH R M-6 TUNNEL 20-INCH M-6 TUNNEL M-8 VAR.-DENS. TUNNEL 

M = 8 AIR Roo = 0.1-10.7 x 106 Moo = 6 CF4 Roo = 0.25-0.55 x 106 

~-

31-INCH M-10 TUNNEL NITROGEN TUNNEL HELIUM TUNNEL 

Moo = 19-21 .6 He Roo = 3.5-12.5 x 106 

Hypersonic Facilities Complex 41 



at a single installation to study 
the effects of Mach number, 
R eynolds number, test gas, and 
viscous in teractions on the hyper­
sonic characteristics of aerospace 
vehicles. Several m odifications 
are being made to the facilities 
to improve their reliability, flow 
quality, and capability. 

Rayleigh-Raman Scattering 
M easurements 

An instrument to measure lo­
cal gas density has been installed 
and tested in the 20-Inch Mach 6 
Tunnel as part of current work to 
provide nonintrusive measure­
ments for the National A ero­
Space Plane CFD validation ef­
fort at Langley R esearch Center. 
This instrument was designed 
to provide single-point density 
measurements using the Raman 
scattering approach as well as 
one-dimensional local density 
profiles that combine Rayleigh 
scattering with a Charge Cou­
pled Device (CCD) camera for 
imaging. Th e ini tial tests were 
designed to define the poten tial 
of the technique and the improve­
ments req uired to reach that po­
tential. Measurements were m ade 
in the free-stream flow over the 
entire operating envelope of the 
facility. 

The results of the Raman point 
measurements of density plot-
ted against expected density 
(based on stagnation conditions) 
are shown, and the agreem ent 
is good. The da ta acquisition 
rate needs to be improved; this 
can be accomplished by using a 
higher frequency and/ or energy 
laser source. It should be noted 
that the Raman m easurem ent 
is sensitive only to the nitrogen 
content of the gas flow; th is dif-
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fers from the R ayleigh m easure­
m ent, which is sensitive to all 
flow constituents. This differ­
ence was very significant for these 
m easurements because, unlike 
the R aman data, the Rayleigh 
measurem ents do not correlate 
with free-stream density. To 
clarify, the dependence of the 
Rayleigh signal on stagnation 
pressure and temperature was 
established experimentally over 
a wide range of run conditions. 
Th e Rayleigh data indicate that 
the R ayleigh signal is probably 
du e to a free-stream nucleation 
process. Significantly, these data 
also indicate that this measure­
ment in terference may disappear 
in a model flow field; therefore, 
one-dimensional density m easure­
m ents may be possi ble in this 
region. 
(B. Shirinzadeh , 44604, 
M. E. Hillard , and 
R. J. Exton) 
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NASA/ONERA Cooperative 
Study: Aerodynamic and 
Aerothermodynamic Tests 
at Mach 6 and Mach 10 in 
Air 

The National Aeronautics and 
Space Administration has en­
tered into an agreement with 
the French aerospace research 
organization ONERA (Office a­
tional d 'Etudes et de Recherches 
Aerospatiales) to perform aero­
dynamic and aerothermodynamic 
tests of the same model in 
Langley Research Center and 
ONERA hypersonic wind tunnels. 
The purpose is to compare the 
results, test techniques, and facil­
ities used by both organizations. 
The configuration chosen was a 
generic, winged reentry vehicle 
consisting of an ogive nose sec­
tion faired into a flat-sided fuse­
lage, wings of similar airfoil sec­
tion to those of the U.S. Space 
Shuttle orbiter, and wedge-
shaped tip fins. The agreement 
included tests at Mach numbers 
of 6 and 10 in air and Reynold 
number Re from 0.5 x 106 /ft 
to 7.6 x 106/ft. 

Force and moment tests were 
conducted in the 20-Inch Mach 
6 Tunnel and 31-Inch Mach 10 
Tunnel for an angle-of-attack 
a range from _2° to 45° at 
Reynolds numbers of 0.5 x 106/ft, 
2.0 x 106/ft, and 7.6 x 106 1ft 
at Mach 6 and 0.5 x 106 /ft 
and 2.2 x 106/ft at Mach 10 
so that the effects of Mach 
and Reynolds numbers can be 
separated. Preliminary results 
show a slight rotation of the 
pitching-moment em curve due 
to Mach number (nose up for 
higher Mach number) for a > 8°. 
The maximum lift-to-drag LID 
ratio decreased with the higher 
Mach number. 
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NASA/ONERA cooperative agreement thermal mapping with a = 3rJ> , 
M = 6 in air, and Re = 7.6 x uP 1ft. L-90-2931 

Thermal mapping tests have 
been made for several conditions 
in the 20-Inch Mach 6 Tunnel. 
The phase-change paint tech­
nique was employed using Sty­
cast models. Angles of attack of 
0°, 15°, and 30° were tested for 
both windward and leeside heat­
ing. The leeside pattern shown 
indicates low heating except in 
the nose and wing leading-edge 
regions. Heating due to vortex 
crubbing on the sides of the 

fuselage can also be seen. 
(G. J. Brauckmann, 45234) 

Surface Pressure and 
Shock-Layer 
Pitot-Pressure Profiles for 
6° /12° Cone/Flare at 
Mach 6 in Air 

Surface pressure and shock­
layer pitot-pressure profiles were 
obtained on a 6° 112° conelflare 
model as part of a ational Aero­
Space Plane computational fluid 
dynamics code validation study. 
Te ts were conducted in the 20-

Inch Mach 6 Tunnel at Reynolds 
numbers Re of 2.0 x 106/ft , 
5.9 x 106/ft , and 7.6 x 106 /ft 
at an angle of attack of 0°. 

The model was approximately 
9.5 in. long with a flare starting 
at 6 in. from the nose. Pressure 
orifices were located in a single 
line at 22 longitudinal stations 
(0.25-in. spacing) and at 90° 
circumferential increments for 
four longitudinal stations. The 
nose radius was sharp for most of 
the tests. Several runs were made 
with an 0.060-in. nose radius. 

The pitot-pressure survey was 
performed with a miniature 
probe having a diameter of 
0.013 in. The probe entrance 
was flattened into an oval shape 
with a height of approximately 
0.007 in. The pressure transducer 
was water cooled and located 
approximately 2.5 in. from the 
probe tip. Surveys were made by 
traversing from a given orifice on 
the model surface through the 
shock layer. 

Preliminary data obtained at 
a Mach number M of 6, Re of 
7.6 x 106 /ft , and nose radius 
of 0.060 in. are shown. The 
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M =6 

Re = 5.9 x 106/ft 

Sharp nose 

Schlieren photograph of cone/ flare model and pitot survey probe in 20-
Inch Mach 6 Tunnel. 

surface pre sure plot indicates 
a pres ure rise before the flare 
is reached , po sibly due to a 
small separated region in front 
of the flare moving the shock 
forward , or due to pressure 
feed ing upstream through the 
boundary layer. The pitot profile 
has three plateau regions that 
incl ude the boundary layer , the 
interior shock from the flare , 
and the bow shock. Schlieren 

photographs wer al 0 obtained 
to aid in interpretation of the 
data. 
(G. J. Brauckmann, 45234) 

Applications of Optical 
Fluorescence 
Thermography Imaging 
System 

An optical fluorescence thermal 
imaging system has been devel­
oped for hypersonic aero thermo­
dynamic studies using a two-color 
phosphor thermography tech­
nique. Thermal images provide 
temperature data with time for 
surface heat-transfer calculations. 
Temperature-sensitive ceramic 
coatings , or phosphors, are used. 
When excited by ultraviolet ra­
diation , these coatings fluore ce 
visually. Test measurements are 
based on relative wavelength fluo­
rescence. 

Aerothermodynamic tests 
were performed using the ther­
mal imaging system in various 
hypersonic facilities at Langley 
Research Center. Tests were 
conducted in the Hypersonic 
Helium Tunnel at Mach 20 to 
map heating distributions on 
epoxy plastic models of a Per­
sonnel Launch System (PLS) 
lifting body (as shown in the fig­
ure) and a winged transatmo­
spheric vehicle. Tests showed 
detailed leeward and windward 
surface heating patterns. Mea­
surements also were made for 
quantitative heat-transfer anal­
ysis on a glass/ceramic model 
of an aeroassisted orbital trans­
fer vehicle (AOTV). These mea­
surement were made alongside 
thin-film instrumentation. Tests 
were conducted in the Hypersonic 
CF4 Tunnel at Mach 6 to simu­
late aspects of real-gas effects on 
payload heating. Tests have re­
vealed complex heat flow through 
the model due to the number of 
gauge at the surface and con­
duction through gauge wiring. In 
a eparate tudy in the 20-Inch 
Mach 6 Tunnel, thermal mapping 
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Surface heating distribution on PLS lifting body at Mach 20 in helium (angle of attack = 16°, Reynolds num-
ber based on model length = 6 x 1rJi , and wall temperature/total temperature = 0.45). L- 9-13161 

data were taken to support anal­
ysis of pressure measurements. 

Most recently, in the 31-Inch 
Mach 10 TUnnel, tests were 
conducted for computational 
fluid dynamics code calibration 
using cast ceramic quartz models 
of a Space Shuttle orbiter and 
a ational Aero-Space Plane 
forebody. Ceramic quartz fidelity 
models are being developed 
simultaneously with optical 
fluorescence thermography 
techniques to provide inexpensive 
and accurate aerothermodynamic 
test models. 
(Gregory M. Buck, 45240) 

Experimental Investigation 
of Aerobrake Near Wakes 

Flow in the near wake of an 
aeroassisted space transfer vehicle 
aerobrake configuration is of in­
terest because of its potential in­
fluence on any payload located in 
this region. The chief concern is 
that the payload may experience 
high localized heating result-
ing from the impingement of a 
high-temperature free-shear layer. 
This free-shear layer is formed 
by the boundary layer eparat­
ing off the shoulder around the 
entire periphery of the aero brake 

and tending to converge in the 
near-wake region. 

In one series of tests in the 
20-Inch Mach 6 TUnnel, the 
magnitude and distribution of 
this impingement heating were 
measured on a simulated payload 
(a cylinder) behind an O.22-scale 
model of the Aeroassist Flight 
Experiment vehicle fore body. 
The oil-flow technique was used 
in a second series of tests to 
visualize surface streamline 
directions. More recently, the 
magnitude and distribution 
of surface pressures on the 
payload were also measured 
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Schlieren photograph showing O.22-scale model of Aeroassist Flight Experiment vehicle forebody with a simu­
lated payload in 20-Inch Mach 6 Tunnel at a: = if. 

in the 20-Inch Mach 6 1\mnel. 
Heat ing and pressure tests were 
carried out with the same model 
configuration and at the same 
run conditions. The tests were 
conducted with the model at 
angles of attack a: from - 10° 
to + 10° and at nominal free­
stream unit Reynolds numbers 
of 0.5 x 106/ft and 2.0 x 106/ft. 
In conjunction with the surface 
pres ure measurements, an 0.013-
in .-diameter traversing pi tot­
pressure probe was used to 
perform flow surveys in th near­
wake region between the payload 
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surface and the bow hock with 
the model at an angle of attack 
of 0° . 

Preliminary results indicate 
that the trends in the heating 
and pressure distributions are 
very similar. Values of heating 
and pressure are very low near 
the aerobrake base, but in the 
free-shear layer impingement re­
gion, the heating and pressure 
are approximately 40 and 13 per­
cent, respectively, of the aero­
brake stagnation point values . 
The free-shear layer impingement 

region is well defined by peaks in 
both heating and pressure level 
and by surface oil-flow stream­
lines. Locations of the free-shear 
layer and the reattachment shock 
downstream of the impingement 
region were detected in the wake 
flow field by the traver ing pitot­
pressure probe. 
(M. DiFulvio , W . L . Wells , 
and G. C. Ashby, Jr. , 45229) 
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Scramjet Inlet Testing at 
Mach 6 

Careful design of primary en­
gine components such as the in­
let is necessary to exploit effec­
tively the potential of propulsion­
airframe integration for hyper­
sonic cruise vehicles such as the 

ational Aero-Space P lane (X-
30). In order to identify geomet­
ric parameters pertinent to im­
proved inlet performance, two ex­
isting three-dimensional sidewall 
compression inlet wind tunnel 
models with leading-edge sweeps 
of 30° and 70° have been tested 
in the Hypersonic CF4 TUnnel 
at Mach 6. T he models repre­
sented moderate to highly swept 
configurations and were tested 
over a range of contraction ra­
tios cowl locations, and Reynolds , 
numbers. The models were in­
strumented with 42 static pres­
sure orifices distributed on the 
sidewalls, baseplate, and cowl. 
Schlieren movies were made of 
each test for flow visualization 
of the entrance plane and cowl 
region. 

In order to obtain an approx­
imate characterization of the 
flow field, a modification to the 
two-dimensional inviscid oblique 
shock theory was derived to ac­
commodate the three-dimensional 
effects of leading-edge sweep. 
This theory qualitatively pre­
dicted the reflected shock struc­
ture/sidewall impingement loca­
tions and the observed increase in 
spillage with increasing leading­
edge sweep. The primary effect 
of moving the cowl forward was 
to capture the flow that would 
have otherwise spilled out ahead 
of t he cowl. Increasing the con­
traction ratio (moving the side­
walls closer together) increased 
the number of internal shock re­
flect ions and hence incrementally 
increased the sidewall pressure 

Inlet model shown in flight orientation. 

distribut ion . Significant Reynolds 
number effects were noted over a 
small range of Reynolds numbers. 

The present work represented 
the largest model tested in 
the Hypersonic CF4 TUnnel to 
date. In these tests, the tunnel 
remained started following 
model inj ection. Based on 
measured static pressures on the 
tunnel nozzle wall , no significant 
blockage effects were noted. 
In addition to evaluating the 
effect of various geometric 
parameters on the performance of 
t he inlet, t his research provides 
an enhanced computational fluid 
dynamics code calibration data 
base becau e data for a virial gas 
environment w re obtained. 
(Scott D. Holland, 45248) 

Aerothermodynamic 
Measurements on 
Proposed Assured Crew 
Return Vehicle 

Langley Research Center is 
studying a li ft ing-body concept 

Forebody 
Plane 

Sidewall 

as a candidate for the Assured 
Crew Return Vehicle (ACRV) 
which would serve as a safeguard 
for Space Station Freedom 
personnel. This configuration, 
which also is being studied as 
a candidate for the Personnel 
Launch System (PLS), is similar 
to the NASA HL-I0 and M2-F2 
and the U.S. Air Force X-24A 
lifting-body concepts studied 
in the 1960's. An 0.02-scale 
representation of the proposed 
configuration was tested in 
the 31-Inch Mach 10 and 20-
Inch Mach 6 TUnnels (in air) 
as well as the Hypersonic CF4 
TUnnel and the Hypersonic 
Helium TUnnels at Mach 6 
and Mach 20, respectively, 
to develop an experimental 
aerothermodynamic data base. 
Thermal mapping patterns, 
heat-transfer distributions, and 
surface streamline patterns were 
obtained at angles of attack of 
0° to 40° and unit Relnolds 
numbers of 0.25 x 10 /ft to 
8 x 106/ft. 

As expected, areas that expe­
rienced the highest heating were 
the no e and the tip-fin leading 
edges. Windward centerline heat­
ing distributions were compared 
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Thermal mapping model in 20-Inch Mach 6 tunnel . L-89-05736 

with those obtained on the HL-
10 lifting-body configuration, 
and the agreement was excellent. 
The effect of Reynolds number on 
windward centerline heating co­
efficients was negligible, whereas 
an increase in angle of attack, 
as expected, produced increased 
heating. Planform shaping was 
responsible for the appearance of 
streamwi e-oriented embedded 
boundary-layer vortices that re­
sulted in localized striation heat­
ing patterns on the windward 
surface. Shear-layer reattachment 
on the canopy face was observed 
at all test conditions and resulted 
in high heating rates. Leeward 
cross flow separation and cen­
terline vortex reattachment were 
evident across the Reynolds num­
ber and angle-of-attack ranges, 
indicative of a complex flow field. 
Leeward reattachment ncar the 
base of the model, where control 
surfaces would be located , was 
observed in both the heating and 
oil-flow patterns. 
(Thomas J. Horvath, 45236) 

Assessment of Two 
Heat-Transfer 
Measurement Techniques 

Because of the increased im­
portance of heat-transfer mea­
surements for computational fluid 
dynamics code validation and 
the subsequent increased demand 
for aero thermodynamic models, 
the Langley Research Center in­
strumentation capability is being 

severely taxed in the fabrication 
and installation of thin-film heat­
transfer gauges. To increas the 
model completion rate, alterna­
tive sensor construction tech­
niques are being explored. 

A study is under way in the 
31-Inch Mach 10 Tunnel to as­
sess fabrication and installation 
refinements and requirements for 
thin-film and coaxial thermocou­
ple heat-transfer sensors. This 
facility was chosen because of its 
excellent flow quality and unifor­
mity. The tudy was designed to 
compare, for the same test model 
and free-stream conditions , the 
sensitivi ty, repeatability, durabil-
i ty, and accuracy of the two types 
of sensors and their refinements. 
Also included in the study was 
an evaluation of the relative ease 
of their fabrication and use. The 
elected models were flat- faced 

cylinders, instrumented on the 
front face and aligned normal to 
the flow. Heat-transfer data were 
obtained at conditions covering 
the current operating range of 
the facility. 

Preliminary results indicate 
that the performance of the 
gauges that are painted on the 
model is comparable to that of 
the gauges that are sputtered. 

Heat-transfer model installed in 31-Inch Mach 10 Tunnel . L- 9-13521 
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Hand-painted thin-film sensors 
significantly reduce the time re­
quired to in trument a model 
compared with the current me­
chanical process of sputtering. In 
order to translate the response 
of the thin-film resistance sensor 
into heating rates , the thermo­
physical properties of the sen-
sor backing or substrate material 
must be known. A substrate cali­
bration unit has been constructed 
at Langley Research Center to 
evaluate substrate properties. 
This unit is currently being uti­
lized to study substrate proper­
ties associated with hand-painted 
thin-film sensors. 

In addition, fast-response 
coaxial surface thermocouples 
are being evaluated for possible 
use in the Hypersonic Facilities 
Complex. Coaxial thermocouples 
are attractive from an economical 
viewpoint because they can 
be reused many times and are 
simple to install. The data from 
the coaxial thermocouples are 
presently being analyzed to 
determine their usefulness as heat 
fl ux sensors in the hypersonic 
wind tunnels. 
(Thomas J. Horvath, 45236) 

Experimental Aerodynamic 
Characteristics of 
Proposed Assured Crew 
Return Vehicle 
Lifting-Body Configuration 

An extensive hypersonic aero­
dynamic/ aerothermodynamic 
data base for the Langley Re­
search Center proposed Assured 
Crew Return Vehicle (ACRV) 
lifting-body concept is being de­
veloped at Langley. The exper­
imental data base, when com­
pleted, will include forces and 
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moments, pressures, and heat 
transfer rates measured over 
the windward and leeward sur­
faces of the ACRV. These data 
will be used to calibrate compu­
tational fluid dynamics (CFD) 
codes over a wide range of hyper­
sonic continuum-flow condi tions. 

Recently, tests were performed 
in the Hypersonic Facili t ies Com­
plex to examine the effects of an­
gle of attack, Reynolds number, 
and normal shock density ratio 
on measured aerodynamic coef­
fi cients for the ACRV. The high 
normal shock density-ratio aspect 
of a real gas in thermochemical 
equilibrium was inve tigated at 
Mach 6 by testing in ideal air 
(a density ratio equal to 5.25) 
and in CF4 (a density ratio equal 
to 12.0). The Reynolds number 
was varied from 0.60 x 106/ft 
to 7.5 x 106/ft in air and from 

0.25 x 106/ft to 0.58 x 106/ft 
in CF4. Comparison of these 
preliminary hypersonic results 
to aerodynamic measurements 
recently obtained in the high­
subsonic, transonic, and super­
sonic speed regimes indicated 
that the vehicle has significant 
cross range capability due to its 
high lift-to-drag ratio at hyper­
sonic speeds. One of the favor­
able attributes of this lifting­
body configuration at subsonic 
and transonic speeds i its self­
trimming capability (i .e. con­
trols un deflected ). As supersonic 
speed is attained, the vehicle 
10 es this capability to produce 
a desirable trim condition and 
thus requires the aid of negative 
control deflections to produce 
a positive lift, a positive lift-to­
drag ratio at trimmed conditions 
(L / D) trim , and a trimmed angle 
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of attack atrim > 0° . At free­
stream Mach numbers 2: 4.0, 
trim characteristics are once 
again favorab le with trim oc­
cUlTing at positive lift and near 
(L j D)max . 
(John R . M icol, 45250 , a nd 
Geor ge War e) 

Investigation of Test Core 
in Hypersonic CF4 Tunnel 
at low Pressu re 

The Hypersonic CF4 Tunnel 
uses tetrafluoromethane (CF4) as 
a test gas, which allows a partial 
imulat ion of real-gas effects for 

hypersonic entry vehicle aerody­
namic and aero t hermodynamic 
research. T he facili ty is usually 
operated with a reservoir pres­
sure of approximately 1500 psia. 
Tests on vehicle configurations 
that fly at high alti t udes require 
a much lower operating pres­
sure. Tests were reported last 
year which demonstrated that 
the tunnel could be operated at 
a pressure as low as 110 psia and 
still produce a usable test stream 
of Mach 6. Recently, an abbre­
viated calibration was performed 
with a pressure rake having 41 
pitot probes to determine t he 
test-core size and uni formity at 
different axial distances from the 
nozzle exit for low-pressure oper­
ation. 

Test-core size and uniformity 
for a total pressur of approxi­
mately 135 psi a were found to be 
not significantly different from 
those at 1500 psia. At either 
pressure, the core size tended 
to diminish with distance from 
t he nozzle exit. At the lower 
pressure, the uniform core size 
also decreased with run time (as 
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shown in the figure) . Analysis of 
the data indicates the need for 
addit ional vacuum pumping ca­
pabili ty to reduce the pressure 
outside the core in the open-jet 
test section, thereby avoiding 
the reduction in core diameter. 
However, sufficient test t ime is 
available with the present facil­
ity components for heat transfer 
measurements or pressure mea-
urement on blunt bodies. A 

diffuser has been designed and 
built to enhance significantly the 
flow recov ry process and provide 
additional run time; thi diffuser 
will be installed in 1990. 
(R. E . M idden , W . L. W e lls, 
a n d H. H . Senter , 45230) 

Experimental 
Aerodynamics of 
General-Purpose Heat 
Source Modules 

The hypersonic aerodynamic 
characteristics for general­
purpose heat ource (GPHS) 
modules were determined during 
a recent t udy in the 31-Inch 
Mach 10 Tunnel. The GPHS 
modules, which are rectangular 

brick-like shapes containing 
plutonium oxide pellets, are 
ut ilized in the radioisotope 
thermoelectric generator of 
the Galileo pacecraft. The 
objective of this study was to 
obtain representative hypersonic 
aerodynamics for the carbon-
carbon modules experiencing 
radical ablation deformations at 
variou angles of attack, sideslip 
angles, and roll angles. These 
data were requested by the 
Department of Energy in order 
to determine ablative heating 
and flight trajectories of GPHS 
modules in the event of reentry of ~ 
the individual module following 
an unanticipa ted breakup of the 
Galileo pacecraft . 

Several full-scale modules were 
tested (as shown in the figure) 
which represented successive ab­
lation of the module having one 
large surface that is oriented nor­
mal to the free-stream direction. 
The ablated GPHS module ge­
ometries had been determined 
from arc jet tests of actual mod­
ules at t he Ames Research Cen­
ter. The module on the left side 
in the figure is the unablated 
GPHS module; the module on 
the right side is an aluminum 
casting of the most extremely 
ablated module resulting from 
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General-purpose heat source models. 

the arc jet tests. The two mid­
dle bricks in the figure represent 
intermediately ablated modules. 
Also tested for comparison with 
the data from the completely ab­
lated module casting was a sim­
ple geometric representation of 
the completely ablated config­
uration. Investigation results 
indicated that the effects of ab­
lation on pitching and yawing 
moments are much more signifi­
cant and hence play a larger part 
in influencing the module trajec­
tories than do variations in axial, 
normal, and side forces for fixed 
module orientations. 
(W. P e lham Phillips, 45239) 

Experimental Investigation 
of Transatmospheric 
Vehicle Concept With 
Minimum-Drag Forebody 

1-88-13176 

bel', density, and wall tempera­
ture ratio over a wide range of 
flow conditions on the hypersonic 
aerodynamic and aerothermody­
namic characteristics of generic 
TAV configurations. The present 
force and moment studies were 
made in the 20-Inch Mach 6 Tun­
nel and 31-Inch Mach 10 Tunnel 
at angles of attack from - 4° to 
20° at sideslip angles of 0° and 
- 2° . Test Reynolds numb rs 
(based on fuselage length) were 
1.8 x 106 and 2.4 x 106 at Mach 
6 and Mach 10, respectively. The 
model was designed to facilitate 
component buildup tests and uti­
lized variable wing incidence for 
longitudinal trim. Flow-through 
and blocked-off engine modules 
were also tested. The model was 

mounted in the tunnels using a 
dorsal blade sting arrangement 
to minimize the effects of sup­
port interference on configuration 
aerodynamics. 

Significant reductions in con­
figuration drag at low angles 
of attack were realized for the 
minimum-wave-drag forebody 
when it replaced a modified 
1/4-power-series forebody. The 
center-of-pressure location for 
the baseline TAV configuration 
(minimum-drag forebody) oc­
curred at approximately the 57-
percent model length station at a 
Mach number of 10. Configura­
tion buildup te t results indicate 
that incremental drag increases 
are attributed to the additions 
of the engine compression ramp, 
the flow-through engine, and the 
blocked-off engine. The exper­
imental results of these studies 
were in agreement with predic­
tions obtained using the Langley 
Research Center Aerodynamic 
Preliminary Analysis System 
(APAS). 
(W. Pelham Phillips, 45239) 

Experimental aerodynamic 
investigations of a transatmo­
spheric vehicle (TAV) concept 
incorporating a minimum-wave­
drag forebody shape have been 
performed at Mach numbers of 
6 and 10. This study is part of 
an ongoing general research ef­
fort to determine the effects of 
Mach number, Reynolds num- Transatmospheric vehicle model with minimum-drag forebody. L- 9-4825 
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Hypersonic Data Base 
Development for Test 
Technique Demonstrator 
Supporting NASP 
Technology Maturation 

A ational Aero-Space Plane 
(NASP)-like configuration , desig­
nated the Langley test technique 
demonstrator (TTD), is being 
studied in the Hypersonic Facil­
ities Complex (HFC) to develop 
te t techniques for advancing par­
ticular ASP technology areas 
(for example, engine/airframe 
integration) and to develop an 
aerodynamic/aerothermodynamic 
data base. This data base is be­
ing developed by researcher in 
the Spac System Division and 
the Applied Aeronautics Divi­
sion of Langley Research Center . 
The HFC has the capabili ty to 
produce data over a wide range 
of Mach numbers !VI, Reynolds 
numbers Re, and isentropic expo­
nents 'Y; becau e of the excellent 
flows provided by these facili­
ties , this data base is particularly 
well-suited for the calibration of 
advanc d computational fluid dy­
namics (CFD) codes. Existing 
and newly developed test tech­
niques are being and will con­
tinue to be used to develop the 
data base. The configuration and 
it test results are classified and 
therefore are no t presented . 

A comprehensive series of tests 
was planned for t his configura­
tion; the e tests included force and 
moment measurements, pressure 
distributions, heat transfer and 
thermal mapping, and oil-flow 
and other flow visualization in 
the 20-Inch Mach 6, Hypersonic 
CF4 , 31-Inch Mach 10, and Hy­
personic Helium Tunnels. The 
table in the figure shows the 
overall test matrix including tests 
that have been completed , as 
well a those that remain to be 
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KEY: X TESTS COMPLETED 
Xl PRELIMINARY TESTING 

FACIIlTY TEST TECHNIQUE 
M,"( THERMAL SCHUEREN HEAT PRESSURE FORCE & 

Reift X 10 6 OIL FLOW MAPPING ELEC BEAM TRANSFER DIST. MOMENT 

20- IN. M 6 
TUNNEL X X X X 6, 1.4 
.5 - 6 

HYPERSONIC 
CF4 TUNNEL 

6, 1.2 
.2 - .5 

31-IN. M 10 NOT 
TUNNEL X X V 10, 1.4 APPUCABLE 
.25 - 2 

HYPERSONIC 
He TUNNEL X X 20, 1.667 

1 - 16 

TTD test matrix. 

accomplished. Completed this 
past year as indicated in the ta­
ble were a majori ty of the oil­
flow , thermal-mapping, and other 
flow visualization tests; a signifi­
cant portion of the force and mo­
ment tests; and some precursor 
pressure distribution tests that 
were performed on inexpensive 
models with limited instrumenta­
tion (primarily examining tunnel 
tarting/blockage phenomena). 

The thermal-mapping tests in­
cluded the phase-change coating 
technique and the two-color ther­
mographic phosphor technique at 
Mach numbers of 6 and 10 in air 
and at Mach 20 in helium. Lim­
ited comparisons of the CFL3D 
CFD code were made with the 
helium tunnel pressure distribu­
t ions with encouraging resul ts. 
(William C. Woods , 45238) 

Inlet Boundary-Layer 
Simulation at Hypersonic 
Speeds 

The ational Aero-Space Plane 
tudy has produced airplane con­

cepts t hat feature an air breath-

X V X 

ing propulsion system that is in­
tegrated with the fuselage fore­
body. The fuselage forebody pro­
duces a sizable boundary layer 
that is ingested into the propul­
sion system inlet. Meaningful 
inlet performance experiment 
require that the entire forebody 
be modeled or that an alternate 
method be utilized to produce an 
artificially simulated boundary 
layer. Because it is impractical to 
represent the entire forebody in 
inlet tests conducted in small hy­
personic wind tunnels, a method 
that had shown promise for sim­
ulating the incoming boundary 
layer at supersonic speeds was in­
vestigated at hypersonic speed in 
the 20-Inch Mach 6 Tunnel. 

A photograph of the test 
model, which consisted of a 
rectangular inlet model with 
parallel sidewalls , is shown 
in the figure. A honeycomb 
device was placed in the channel 
upstream of the cowl. The 
honeycomb had variations in 
cell size, length, and vertical 
di tribution of length in order 
to selectively remove momentum 
from the flow to reproduce a 
naturally occurring boundary­
layer momentum defect. Data 
included surface temperature 
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Boundary-layer simulation model. 

and pressure measurements, inlet 
pitot-pressure surveys, and oil­
flow photographs. 

Preliminary analysis of the 
data indicates that the contoured 
honeycomb produces a simulated 
boundary-layer profile but that 

shock losses make the technique 
less promising at hypersonic 
speeds relative to supersonic 
applications. 
(A. B. Blair, Jr., A. R. Porro, 
and W. R. Hingst, 45735) 

IR Thermography for 
Hypersonic Flow 

Infrared (IR) thermography is 
being investigated for providing 
nonintrusive qualitative and 
quantitative surface temperature 
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and heat transfer measurements 
on models in hypersonic facilities. 
This research activity has been 
cond ucted in the 20-Inch Mach 
6 Tunnel and t he 31-Inch Mach 
10 Tunnel. The IR imager used 
is a ingle-detector -/-Lm to 12-
/-Lm imager with substantial 
improvement in spatial resolu tion 
compared to the older generation 
Imagers. 

A ries of tests were con­
ducted on a proposed Per on-
nel Launch System (PLS) lifting 
body in the 20-Inch Mach 6 Tun­
nel. The test conditions for the 
figure were a Mach number of 6, 
an angle of at tack of 25° , and a 
Reynolds number of 7 x 106/ ft. 
The IR image provides surface 
temperature dis t ribu t ions of 
the model 3 s aft er the model 
has been injected into the tun­
nel. The data were compared 

Infrared image 
(t = 3 s) 

to streamline patterns obtained 
from oil-flow experiments for 
qualitative purposes. The ther­
mal manifestations of some aero­
dynamic phenomena (such as 
separation and stagnation region 
and vortex impingement) are ob­
served on the infrared image. 
(Kamran Daryabeigi , 44745, 
Thomas J. Horvath, and 
Gregory M . Buck) 
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Surface streamlines 
(postrun) 

Comparison of infrared thermal image and surface streamline patterns on proposed lifting body. 
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After an almost I5-year lull 
in in terest for hypersonic flight, 
there is again a strong emphasis 
on the poten tial for a number of 
applications. These applications 
include an Aero-Space Plane or 
transatm ospheric vehicle, which 
would be able to take off from 
a conventional runway and fly 
to orbit, as well as a variety of 
hypersonic airplane concep ts for 
mili tary reconnaissance, strike, or 
semiglobal transports. Langley 
Research Center has maintained 
a research team that has been 
working on basic hypersonics 
continuously throughout the 
last several decades. Facili ties 
that played a key role at Langley 
in developing the present Space 
Shu ttle configuration have been 
applied to a wide variety of other 
aerospace vehicles. Langley, 
the lead Center in defining 
Shu ttle II, has been the only 
research organization in the 
Nation to continuously maintain 
a viable effort in hydrogen-fueled 
supersonic combustion ramjet 
propulsion since the 1960's. 
Ground tests of subscale engines 
conducted in the Scramjet Test 
Complex have dem onstrated 
levels of net thrust sufficient 
to accelerate at Mach 4 and to 
cruise an airplane at speeds up 
to Mach 8 and beyond. T hese 
results are entirely consistent 
wi th the projection of attractive 
performance up to much higher 
speeds, even approaching orbi tal 
velocity. 

A research program to de­
velop technology for a hydrogen­
burning airfram e-in tegrated 
supersonic com bustion ramjet 
(scramjet) propulsion system has 

been under way for several years 
at Langley. The experimental 
portion of this research consists 
of tests of engine components (in­
lets, combustors, and nozzles) 
and complete, componen t inte­
gration engine models. 

Small-scale inlet tests for 
"screening" poten tial inlet de­
signs are performed in a 9-in. 
by 9-in. Mach 4 blowdown tun­
nel. Larger scale inlet tests are 
performed in various other Lang­
ley aerodynamic wind tunnels. 
Small-scale direct-connect com­
bustor tests that simulate a por­
tion of the engine combustor are 
conducted in Test Cell #2 to 
provide basic research data on 
supersonic mixing, igni tion, and 
combustion processes. The hot 
test gas is supplied to the com­
bustor m odels by a l1ydrogen­
air-oxygen com bustion heater, 
which main tains 21-percent free 
oxygen by volume to imulate air 

with enthalpy levels ranging up 
to Mach 8 flight speeds. Vari­
ous facility nozzles produce the 
desired combustor entrance flow 
condition. 

Designs from the individual 
component tests are assembled 
to form component integration 
engines so that tests can be 
conducted to understand any 
interactions between the various 
engine components and to 
determine the overall engine 
performance. These component 
integration tests are conducted in 
engine test facilities. The feature 
that separates these propulsion 
facili ties from aerodynamic 
wind tunnels is their capabili ty 
to produce true-velocity, true­
temperature, and true-pressure 
flow for flight simulation. 

The Combustion-Heated 
Scramjet Test Facility (CHSTF, 
Test Cell #1) uses a hydrogen­
air-oxygen combustion heater to 
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duplicate Mach 4 Bight enthalpy. 
The test gas is exhausted to the 
atmosphere with the aid of an air 
ejector. A Mach 3.5 contoured 
nozzle with a 13-in.-square exit 
is presently attached to the 
heater to y ield a free-jet tunnel 
Bow (simulating Mach 4 Bight 
conditions) for subscale engine 
tests. The Arc-Heated Scramjet 
Test Facility (AHSTF) uses an 
electric-arc heater to produce 
enthalpy levels corresponding 
to Bight speeds up to Mach 8. 
The tunnel exhausts into a 100-
ft-diameter vacu um sphere. 
Eleven-in.-square exit nozzles 
(Mach 4.7 and 6) are used to 
deliver a free-jet tunnel Bow 
for scramjet engine tests. The 
same size models (frontal view 
approximately 6 in. by 8 in.) are 
tested in both these facilities . 

An oxygen replenishment sys­
tem and new facility nozzles 
are being added to the 8-Foot 
High-Temperature Tunnel (8-
Foot HTT), which is presently 
part of the Aerothermal Loads 
Complex. This tunnel will then 
be capable of testing large-scale 
engines (approximately 20 in. 
by 28 in.), multiple engines, or 
engines that have full nozzle ex­
pansion surfaces at Mach num­
bers of 4, 5, and 7. In addition, 
the operational capability of the 
Combustion-Heated Scramjet 
Test Facility is being enhanced 
by a new test gas heater, a new 
Mach 4.7 nozzle, and a new vac­
uum sphere/steam ejector sys­
tem. Upon completion of these 
modifications, tbe 8-Foot HTT, 
together with the smaller scale 
facilities described, will com­
prise a Scramjet Test Complex at 
Langley unequaled in the West­
ern World. The potential oper­
ational envelope of this complex 
would extend over a Bight Mach 
number range from 3.5 up to 7. 
Some of the current testing in 
these facilities is classified, th us 
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CARS optical system in NDL facility. 

restricting the amount and con­
tent of test results that can be 
reported in the open li terature. 

Considered part of the Scram­
jet Test Complex is a Nonin­
trusive Diagnostics Laboratory 
(NDL) , which contains the Co­
herent Antistokes Raman Spec­
troscopy (CARS) optical sys-
tem and laboratory scale com­
bustion devices used for funda­
mental combustion studies. Four 
devices that include an electron­
ically heated furnace and three 
hydrogen-air combustion devices 
(a subsonic diffusion burner, a 
supersonic diffusion burner, and 
a premixed Bat £lame burner) 
provide an air temperature range 
from 300 K to 2200 K and a ve­
locity range from air at rest to 
Mach 2 for study. Nonintrusive 
simultaneous measurements of 
temperature, nitrogen, and oxy­
gen density have been made with 
the CARS system. The labora­
tory facility, shown in the fig­
ure, provides space for the vari­
ous development versions of the 
CARS optical system and facil­
ities for handling air, hydrogen, 
and oxygen at high pressure as 
well as an exhaust duct for the 
burner products. Computer fa-

L- 5-5639 

cilities are adjacent to the lab­
oratory for burner control and 
data collection and processing. 
A new CARS system, configured 
to endure the harsh environment 
(>150 acoustic dB), is being as­
sembled for use in Test Cell #2. 

Investigation of Mixing 
Augmentation for Parallel 
Supersonic Fuel Injection 

The objective of this research 
is to explore techniques to 
enhance mixing in scramjet 
(supersonic combustion ramjet) 
combustors. For high-speed 
propulsion applications, the fuel 
is used as a coolant. Injecting 
heated fuel from downstream­
facing nozzles produces thrust. 
The disadvantage of downstream 
injection is that it results in long 
mixing lengths. The technique 
discussed here used wall-mounted 
ramp fuel injectors to improve 
mixing of fuel injected nearly 
parallel into a Mach 2 scramjet 
combustor flow. 
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Parallel injector. 
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The fi r t figure is a photo­
graph of the fuel injector block 
with swept wall ramp injectors. 
T he swept ramps were used to 
induce additional vortical mo­
tion into the oncoming air and 
enhance the mixing. Another 
block with ramps with unswept 
sidewalls was also tested . The 
results are shown in the second 
figure. The plots show the com­
pu ted efficiency (ETAC) as a 
function of the amount of fuel 
added/stoichiometric fuel (phi) 
for the configurations at a dis­
tance 12.6 duct heights from the 
injectors . Tests were conducted 
for total temp ratures from 
25000 R to 4000°R. The wept 
data indicated li ttle tempera­
ture dependence, and t he fuel 
mixed nearly as well as the mix­
ing model predicted for perpen­
dicular injection . T he unswept 
design exhibited total tempera­
ture dependence and mixed more 
like the para llel inject ion predic­
t ion at high temperatures. Tests 
were conducted in t he AHSTF. 
(G . Burton Northam, 
Diego C. Capriotti , 
Carl S. Byington, and 
Issac Greenburg, 46248) 

Subscale Scramjet Engine 
Tests 

Hydrogen-burning combus-
tion tests have been conducted 
of three different ubscale super­
sonic combustion ramjet ( cram­
j t) engine models. The test 
were conducted in coop ration 
with J ohn Hopkins University 
Applied Physics Laboratories 
(JH APL), Pratt and Whi tney 
(P &W ), and Rocketdyne (RD). 
Performance results obtained 
during these tests have increased 
the scramjet data base in upport 
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of the National Aero-Space Plane 
(NASP) Technology Maturation 
Program. 

The engines were tested in the 
Arc-Heated Scramjet Test Facil­
ity (AHSTF) at simulated con­
ditions for flight Mach numbers 
of 4.7, 5.5, 7.0, and 8.0 and in 
the Combustion-Heated Scramjet 
Test Facility (CHSTF) at simu­
lated flight conditions for Mach 
4 and 5.5. During the calendar 
year 1989, a total of approxi­
mately 600 tests were conducted, 
of which a majority were com­
bustion tests. A representative 
model of the JHU APL engine 
installed in the CHSTF is hown 

iroQ , ~-

in the figure. Measured quanti­
ties are wall static pressure dis­
tributions, hydrogen fuel flows , 
longitudinal force, heat fluxes , 
pitot pressures, gas samples, and 
high-frequency pressure measure­
ments. Ambient temperature hy­
drogen fuel was injected from 
many different injector configura­
tions to investigate the effective­
ness of perpendicular and tangen­
tial injection and hole size, spac­
ing, and patterns. Flameholding 
was demonstrated during most 
tests with hydrogen fuel injected 
from upstream and downstream 
stations. Com bustion-ind uced 
inlet interaction limits were ex­
plored. The effectiveness of many 

other different parameters also 
was investigated as shown. 
(Earl H. Andrews, Jr., 
R. Wayne Guy, James M. 
Eggers, Scott R. Thomas, 
and Randall T. Voland, 
46240) 

Fluctuating Pressure 
Loads in Scramjet Engine 
Model 

Unsteady pressure loads in 
the boundary layers of scram­
jet engines are of interest from 
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the standpoints of combustion 
instability onset and structural 
design of engine components. 
These fluctuating loads are gen­
erated by combustion processes, 
boundary-layer turbulence, and 
shock/boundary-layer interac­
tions. A scramjet engine model 
designed by the Johns Hopkins 
University Applied Physics Lab­
oratories was installed in the 
Combustion-Heated Scramjet 
Test Facility at Langley Research 
Center. Pressure transducers 
were installed at eight locations 
on the top wall of the scramjet 
model, including the inlet and 
combustor sections as shown in 
the first figure. During a 25-s 
test run, step changes in heat re­
lease rate were induced by a fast­
acting valve in the hydrogen fuel 
supply line, as shown by the fuel 
flow increase in the upper curve 
(second figure). 

In the second figure, time his­
tories for sensor locations #4 and 
#5, upstream of the combustor, 
show a dramatic effect of these 
changes in the heat release rate 
on the fluctuating pressures in 
the boundary layer. Peak-to­
peak pressures range from ap­
proximately 7 psi (sensor #4) to 
10 psi (sensor #5) at the high 
heat release rate as compared to 
less than 2 psi peak to peak for 
the low heat release rate. As­
suming a Gaussian-type prob­
ability density distribution for 
these pressures, the correspond­
ing sound pressure levels at the 
high heat release rates would be 
172 dB and 175 dB, respectively. 
These levels are at least 11 dB to 
14 dB above corresponding levels 
at the low heat release rates. 

These data suggest that com­
bustion processes can generate 
large fluctuating pressures that 
propagate upstream through 
the sublayer portion of a super­
sonic boundary layer. This phe-
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nomenon has important implica­
tions for scramjet engine design. 
(Tony L . P a r rott, 45273) 
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Aerothermal Loads Complex _____ _ 

The A erothermal Loads Com­
plex consists of four facilities 
that are used to carry out re­
search in aerothermal loads and 
high-temperature structures and 
thermal protection systems. The 
8-FfJot High-Temperature Tun­
nel (8-Foot HTT) is a Mach 7 
blowdown-type facility in which 
methane is burned in air under 
pressure and the resulting com­
bustion products are used as the 
test medium with a maximum 
stagnation temperature of ap­
proximately 3800° R in order to 
reach the required energy level 
for flight simulation. The noz­
zle is an axisymmetrical conical 
contoured design with an exit di­
ameter of 8 ft. Model mounting 
is semispan or sting with inser­
tion after the tunnel is started. 
A single-stage air ejector is used 
as a downstream pump to permit 
low-pressure (high-altitude) sim­
ulation. The Reynolds number 
ranges from 0.3 to 2.2 x 106/ft 
with a nominal Mach number of 
7, and the run time ranges from 
20 s to 180 s. The tunnel is used 
for studying detailed thermal­
loads flow phenomena as well as 
for evaluating the performance 
of high-speed and entry vehicle 
structural components. A ma­
jor effort i under way to provide 
alternate Mach number capabil­
ityas well as 02 enrichment for 
the test medium. This is being 
done primarily to allow models 
that have hypersonic air breath­
ing propulsion applications to be 
tested. 

The 7-Inch High-Temperature 
Tunnel (7-Inch HTT) is a 1/ 12-
scale version of the 8-Foot 

- .. 
!i-

8-Foot High-Temperature Tunnel, M = 7, Rn = 0.3 - 2.2 x uj, and 
H = 700 - 1000 Btu/ lb. 

HTT with basically the same 
capabilities as the larger tunnel. 
It is used primarily as an aid 
in the design of larger models 
for the 8-Foot HTT and for 
aero therm al loads tests on 

subscale models. The 7-Inch 
HTT is currently being used to 
evaluate various new systems for 
the planned modifications of the 
8-Foot HTT. 
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7-Inch High-Temperat ure Tunn el, M = 7, Rn = 0.3 - 2.2 x UP , and 
H = 700 - 1000 B tu/ lb. 

CATEGORY 

MASTER SCHEDULE 

TRANSPIRATION 
COOLED NOZZLE 

OXYGEN ENRICHMENT 
SYSTEM 

ALTERNATE MACH NO. 
AND MIXER 

REHAB 

87 88 89 

PLANNED 

T he 2o-MW and 5-MW 
Aerothermal Arc Tunn els are 
used to test models in an envi­
ronment that simulates the Bigh t 
reentry envelope for high-speed 
vehicles such as the Space Shut­
tle. The amount of energy avail­
able to the test medium in the e 
facilities i 9 M W and 2 MW, re­
spectively. The 2o-MW tunnel 
has a dc arc heater, and the 5-
MW tunnel has a three-phase ac 
ar c heater. Test conditions ( uch 
as temperature, Bow rate, and 
enthalpy) vary greatly because a 
variety of nozzles and throats are 
available. Model sizes can range 
from 3 in. in diam eter to 1-ft by 
2-ft panels. These facili tie are 
currently on standby status. 

90 91 

HUTDO,WN 
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ACTUAL 
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8-Foot HTT modification project schedule; ISR is integrated systems review; ORR is operational readiness 
review. 
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Acoustics Research Laboratory _____ _ 

The Langley A coustics R e­
search Laboratory (ARL) pro­
vides the principal fo cus for 
acoustics research at Langley R e­
search Center. The ARL consists 
of the anechoic quiet-Bow facil­
ity, the reverberation chamber, 
the transmission loss apparat us, 

~ 

and the human-response-to-noise 
laboratories. The anechoic quiet­
Bow facility has a test chamber 
treated with sound-absorbing 
wedges and is equipped with a 
low- turbulen ce, low-noise test 
Bow to allow aeroacoustic st ud­
ies of aircraft componen ts and 
models. The test Bow, which is 
provided by either horizon tal 
high-pressure or vertica110w­
pressure air system s, varies in 
Mach number up to 0.5. The re­
verberation chamber, which is 
used to diffuse the sound gener­
ated by a noise source, provides 
a m eans to m easure th e total 
acoustic power sp ectrum of th e 
source. The transmission loss 
apparatus has a source and a re­
ceiving room, which are joined by 
a connecting wall. A test speci­
m en such as an aircraft fuselage 
panel is mounted in the connect­
ing wall for sound transmission 
loss studies. The human-response 
laboratories consist of the exte­
rior effects room, the anechoic 
listening room , and the Freedom 
space station/aircraft acoustic 
simulator. 

Three laboratory companions 
of the ARL are the Anechoic 
Noise Facility, the Jet Noise Lab­
oratory, and the Therm al Acous­
tic Fatig ue Apparatus (TAFA) . 
The Anechoic Noise Facility 
is equipped with a very-high-

pressure air supply used primar­
ily for sim ulating nozzle exhaust 
Bow. Th e Jet Noise Laboratory 
has two coannu1ar supersonic jets 
for study ing turbulence evolu tion 
in the two interacting shear Bows 
that are typical of high-speed air­
craft engines. Hot supersonic jets 
with temperatures corresponding 
to those associated with after­
burners can also be simulated in 
the Jet Noise Laboratory. The 
TAFA provides the capabili ty to 
subject Bat structural panels to 
high-level aco ustic pressures and 
high-temperat ure radiant heating 
to 12000 F. 

Sonic Boom Simulator 

A sonic boom simulator has 
been constructed in the ARL 
for use in tests to examine 
human response to sonic booms. 
This effort is part of a larger 
program to st udy t1le feasibility 

of acceptable overland supersonic 
Bight. The acoustic energy 
contained in sonic booms is 
predominantly at low frequencies 
and cannot be reproduced 
using conventiona110udspeaker 
arrangements. A solution is to 
have loudspeakers radiate into an 
enclosed volume containing the 
test subject. Effective simulation 
requires that the enclosure must 
have rigid walls and be airtigh t. 
The figure illustrates the array 
of loudspeakers mounted in the 
door of the concrete enclosure, 
which is lined with sound­
absorbing foam. The sonic 
boom pressure signatures are 
computer generated in order 
to attain precise control of 
the amplitude and phase of 
the signal and to overcome 
some of the inadequacies of the 
sound reproduction system. 
The sonic boom simulator is 
now operational and is being 
calibrated for Langley Research 
Center man-rating requirements. 
The first tests will examine the 
benefits of sonic boom shaping 
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In terior view of the sonic boom simulator. 

and will be compared with 
predictions from a sonic boom 
loudness model. 
(Kevin P. Shepherd, 43583) 

P olarization-Preserving 
Optical Fiber Link for Laser 
Velocimeter System 

L-89-14359 

ure) using propane burner com­
bustion. 

Previous experience with the 
LV in the vicinity of the nozzle 
region was a degradation of the 
laser performance due to the test 
cell temperature (> 1200 F ) and 
high acoustic level (> 140 dB). To 
overcome this problem , a 20-m 
Polarization-Preserving Single­
Mode Optical Fiber (PPSMOF) 
of the Panda type was used as 
a transmission link between an 
Ar+ laser and the measurement 
optics. The transmission link 
permitted the relocation of the 
laser to a protected region of the 
test area. 

The PPSMOF provided a 
power transmission efficiency 
of approximately 50 percent for 
an input laser power level of 
500 m W at a 514.5-nm wave­
length. The delivered power level 
was satisfactory, and once the 
optics alignment was set, no fur­
ther readjustment was required. 
Data were taken for the velocity 
component along the nozzle axis. 
Typical LV m easurements of the 
nozzle veloci ty profile are shown 
in the second figure. The te t re-

A series of tests were con­
ducted with a laser velocimeter 
(LV) ystem in the Jet Noise 
Laboratory with a convergent­
divergent (C-D) type supersonic 
nozzle (as shown in the first fig-

C-D jet nozzle with measurement scanning optics that are remotely 
linked to Ar+ laser by 20-m PPSMQF. L-89-8604 

64 Langley Aerospace Test Highlights- l 989 



1100 

1000 

900 
en -E 800 
>--0 
0 700 
(1) 

> 
600 

500 

400 

--- Tt = 1400°F 

r = 1.8 in. 

I 
I • 

suIts showed that the PPSMOF ' , ' 
is an effective way to isolate a 
high-power laser source from a 
hostile medium. 
(K . K. Tedjojuwono, 44595 , 
and B . J. Jansen, Jr.) 

En Route Noise Test 

A flight experiment, referred to 
as the En Route Noise Test, was 
conducted in cooperation with 
Lewis Research Center (LeRC) 
and the Federal Aviation Admin­
istration (FAA) to investigate 

0 .5 1.0 

the propagation of advanced tur­
boprop noise. The experiment, 
conducted in May 1989 at White 
Sands Missile Range, consisted 

Radial distance, z/r 

LV measurements of Mach 2 C-D nozzle velocity profile, displaced 
0. 25 in . beyond exit plane. 

PTA airplane. 
ORIGINAl' PAGE" 

BLACK AND WHITE PHOTOGRAPH 

of flying the LeRC Propfan Test 
Assessment (PTA) airplane over 
a microphone array. Ninety fly­
overs of the PTA airplane were 
measured at altitudes of 15,000 ft 
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Comparison between measured and predicted ground-level noise for overfligh t of 30,000 It and M of 0.7. 

to 30,000 ft and at Mach num­
bers ranging from 0.540 M to 
0.77 M. 

Shown in the first figure is a 
photograph of the PTA airplane. 
The plot in t he second figure is a 
comparison between predicted 
and measured ground-level 
overall sound pressure level 
(OASPL) versus time for a run 
of 30,000 ft and M of 0.7. The 
measured results are an ensemble 
average from eight ground-level 
microphones . T he 80-percent 
confidence bounds are typically 
within 1 dB of the average, which 
is indicative of a high-quali ty 
measurement. The predicted 
results in t he plot were made 
with a two-dimensional ray­
t racing propagation model. 

The agreement between pre­
dicted and measured advanced 
t urboprop fl yover noise is good. 

66 

The second hump at approxi­
mately 110 in t he data is due to 
jet noise and was not predicted . 
Because of propagation-induced 
variability, past comparisons be­
tween predicted and single mi­
crophone m asurements showed 
less agreement . The application 
of ensemble-averaging techniques 
to the en route noise issue has 
demonstrated that ray-tracing 
propagation models are adequate 
to predict average noise levels 
on t he ground from advanced 
t urboprops operating at cruise 
conditions. 
(William L. Willshire, Jr. , 
45270) 

Noise Control in 
Composite Model 
Fuselage 

With the advent of composites 
as the primary fuselage structural 
material, a great deal of effort 
has gone into defining their static 
and dynamic load-carrying abil­
ities. However , due primarily to 
t he lighter weight of these com­
posites , the noise t ransmission 
characteristics have been shown 
to suffer. W it hout a thorough 
understanding of the noise t rans­
mission mechanisms for realistic 
buil t-up composite structures 
effective advantage may not be 
taken of innovative solut ions such 
as passive and active damping 
and active noise and vibrat ion 
control. A comprehensive test 
on a realist ic composite struc­
ture under carefully controlled 
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Propeller noise simulator 

Filament-wound 
graphite/epoxy 

cylinder 

Composite fuselage interior and exterior in Acoustic Test Chamber. 

conditions has been performed to 
address these issues as well as the 
effect of source structure on noise 
transmission. 

The cylinder structure shown 
in an anechoic chamber of t he 
Acoustics Research Laboratory 
consists of a continuously wound 
graphite-filament cylinder of nine 
plies laid at five different angles, 
giving a thickness of 0.067 in. 
Continuously bonded rings 
spaced every 15 in. and 22 
equally spaced stringers make 
the 12-ft-Iong and 5.5-ft-diameter 
structure representative of an 
aircraft fuselage. A floor has 
been installed, and tests have 
been completed both with and 
without acoustic foam damping 
installed on the interior walls. 

A data base has been gener­
ated consisting of measurements 
of the exterior pressure distribu­
tion over t he cylinder surface, 22 
accelerometer measurements on 
a circumference in a fixed-source 
plane, and an extensive mapping 
of the interior three-dimensional 
pressure field . Exterior sound 
fields over a range of frequencies 
from 20 Hz to 900 Hz were pro­
vided by a single acoustic point 
source, by two point sources on 
opposite sides of the cylinder (op­
erated both in-phase and out of 
phase), and finally by a phased 
array of point sources which pro­
vides the t race velocity of a pro­
peller. In addition, source spac­
ing effects were investigated . 

This experiment represents the 
first attempt to experimentally 

L-90-304 

define the structural-acoustic 
coupling mechanisms in a large­
scale fuselage model. Analysis 
of the data has revealed that the 
interior sound field is strongly 
affected by exterior noise source 
phasing; this is expected due 
to the low damping inherent in 
untreated composite structures. 
Noise transmission loss in the 
source plane is 15 dB to 20 dB 
for the untreated interior and 
20 dB to 25 dB for the foam­
treated interior for frequencies 
above approximately 160 Hz. 
Comparisons with analytical 
models that predict the scattered 
exterior pressure field and the 
interior sound pressure level are 
in progress. 
(Todd B . Beyer, 43580) 
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Noise Control in Fuselage 
Structures Using 
Piezoceramic Actuators 

Active control techniques have 
attracted a great deal of atten­
tion stemming from their poten­
tial for low-frequency noise con­
trol in aerospace vehicles. This 
potential has been demonstrated 
in ground as well as flight tests . 
Most evaluations have focused 
on the use of acoustic control 
sources located within t he cabin 
cavity. An alternative technique 
with additional potential is t he 
use of force actuators inputting 
control directly to the fuselage 
structure. This technique has the 
significant advantage that t he 
source distribution of the control 
source is identical to the offend­
ing noise source. Global noise 

control has been demonstrated in 
t he laboratory wit h fewer control 
sources. However , concern arises 
from the local stress concentra­
tions as well as the wide range 
of modes generated by the use of 
point forces on structures. 

One alternative to the use of 
conventional shaker inputs is 
the use of piezoceramic patches 
bond d or embedded on the 
structure . These actuators work 
by expanding and contracting 
their planar surface when a 
voltage is applied to conducting 
upper and lower surfaces. One 
such actuator is shown bonded 
to the surface of a cylinder in 
the inset of the figure. The 
dimensions of this actuator are 
0.5 in. by 2. in. This actuator 
is a two- layer assembly that will 
input a bending moment directly 

to the structure. Single-layer 
actuator configurations strain 
the surface to which they are 
bonded, and due to the actuator 
being displaced from t he neutral 
axis, they input both extensional 
forces and bending moments. 
These actuators have been found 
to exercise surprising authority in 
inputting energy into structural 
systems, especially in frequency 
ranges where interior noise is of 
concern. 

A preliminary evaluation of 
this test concept was imple­
mented on the structural cylin­
der shown in the figure. The 
aluminum cylinder is 20 in. 
in diameter, 48 in. long, and 
0.062 in. thick, with interior rings 
and an attached floor. Interior 
noise fields were generated by an 
acoustic noise source adjacent to 

Fuselage model in test chamber showing piezoceramic actuator. L-90-301 
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the cylinder. Control over this 
structurally transmitted noise 
was exercised with either one or 
two piezoceramic actuators, one 
of which is shown in detail. Inte­
rior sound pressure levels up to 
85 dB were controlled with over­
all reductions of 8 dB to 15 dB 
for frequencies from 240 Hz to 
700 Hz. 
(Richard J. Silcox, 43590) 

Prediction and Directivity 
of Low-Frequency Rotor 
Noise 

The low-frequency noise due 
to unsteady loading on the 
rotor disk can be a significant 
contributor to the total noise 
from a helicopter. This noise, 
which dominates the first few 
harmonics of the main rotor 
blade passage frequency, can be 
important both for community 
annoyance and military detection 
reasons. 

Noise data from a recent ro­
tor noise experiment in the Ger­
man/ Dutch acoustic wind tunnel, 
the DNW (Duits-Nederlandse 
Windtunnel), were employed 
to define the directivity of 
low-frequency rotor noise and 
to validate a noise prediction 
method. The experiment was 
performed and funded by the 
German Aerospace Research 
Establishment, the Deutsche 
Forschungsanstalt fur Luft- und 
Raumfahrt (DLR). Langley Re­
search Center participated as 
part of an ongoing Letter of 
Agreement on rotor acoustics re­
search. Although not performed 
in a Langley facility, this work 
is included because of its impor­
tance to rotor noise research. 
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Directivity patterns of the low­
frequency loading noise were 
made from both measured data 
and predictions. The measured 
data were acquired on a hori­
zontal plane under the model 
rotor. P redictions were then 
computed for the same measure­
ment locations. The prediction 
method uses the newest version 
of the Comprehensive Analyt­
ical Model of Rotorcraft Aero­
dynamics and Dynamics, called 
CAMRAD/JA, to predict the 
dynamics, aerodynamics, and 
performance. Farassat's acoustic 
formulation lA, which is coded 

in WOPWOP, is used to pre­
dict the noise. The lift distri­
bution from CAMRAD/JA is 
converted to a pressure distribu­
tion using a model based on thin 
wing theory, which is then used 
by WOPWOP to predict the 
noise at a given observer loca­
tion. A comparison of measured 
versus predicted loading noise for 
a 25-m/s condition is shown in 
the figure, which indicates good 
agreement in many regions, al­
though there are some notable 
differences. It is anticipated that 
coupling CAMRAD/JA output 
with a full-potential code for in-
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put to WOPWOP (planned for 
1990) will improve some of the 
discrepancies. 
(Mich ael A. Mar colini, Casey 
L. B urley, and R uth M. Mar­
t in , 43629) 

High-Subsonic Acoustic 
Wind Tunnel 

The High-Subsonic Acoustic 
Wind Tunnel (HSAWT) is a pro­
posed new wind tunnel designed 
specifically for acoustic testing. 
Capable of using either heavy 
gas or air as a working medium, 
the HSA WT will perform acous­
tic tests from Mach numbers of 
0.05 to 0.80 at large Reynolds 
numbers. Although intended pri­
marily as an aeroacoustic facility, 
the t unnel will also be used for 
aerodynamic and aeroelastic in­
vestigation . Three interchange­
able test s etion configurations , 
namely, an 18-ft by 22-ft clo ed 
throat, an 18-ft by 22-ft open jet 
surrounded by an anechoic cham­
ber , and a 16-ft by 16-ft slotted 
throat , will offer the flexibili ty 
required to meet te ting r quire­
ments . The HSAWT is designed 
to meet not only current aeroa­
cous t ic testing needs but a lso 
the testing requirements for the 
aeroacoustic tests of tomorrow. 

Currently, a study of the 
aerodynamics of the wind t unnel 
circuit is being conducted using 
a 1/ 60- cale model HSAWT to 
validate experimentally t he wind 
tunnel circui t. As shown in t he 
figure, the model i fabricated of 
plexiglass and aluminum and is 
present ly configured as an open­
circuit indraft tunnel de igned to 
operate in air at low speeds. An 
external uetion fan powers the 
model, providing repeatable flow 
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HSA WT 1/ 60-scale model configured as open-circuit in draft tunnel. 

condi t ions in the tunnel circuit . 
Tunnel velocity surveys hav 
been conducted using small pitot 
probes that were t raversed acros 
a given section. Velocity surveys 
in various ections of the tunnel 
were used to evaluate tunnel 
performance. Analysis of data 
taken to date indicates t hat the 
wind tunnel circui t i operating 
within expected bound. 
(Earl R. B ooth, Jr. , 43627) 

L- 9-1120 
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Avionics Integration Research Laboratory-
AIRLAB ___________ _ 

The United States leads the 
world in the development, design , 
and production of commercial 
and mili tary aerospace vehicles. 
To maintain this leadership 
role throughout the 1990's 
and beyond will require the 
incorporation of the latest 
advances of digital systems 
theory and electronics technology 
into fu lly integrated aerospace 
electronic systems. Such efforts 
will entail the discovery, design, 
and assessm ent of systems 
that can dramatically improve 
p erformance, lower production 
and maintenance costs, and at 
the sam e time provide a high, 
m easurable level of safety for 
passengers and flight crews. 

AIR LAB has been established 
at the Langley Research Center 
to address these issues and 
to serve as a focal point for 
U.S . Government, industry, and 
university research personnel to 
identify and develop methods 
for systematically validating and 
evaluating highly reliable, fu lly 
in tegrated digital con trol and 
guidance system for aerospace 
vehicles. 

The increasing complexity of 
electronic systems entails multi­
ple processors and dynamic con­
figurations. T hese developments 
allow for greater operational flex­
ibility for both normal and fau lty 
conditions, thus impacting and 
compounding the validation pro­
cess. Whereas a typical relia­
bili ty requirement for current 
electronics systems is a proba­
bili ty of failure of less than 10- 6 

at 60 min, the requirement for 
fligh t-cri tical electronic controls is 
for a probabili ty of failure of less 

MINICOMPUTERS TO SUPPORT 
EXPERIMENTAL SYSTEMS RESEARCH 

DIGITAL EQUIPMENT / 
EMULATION SYSTEM 

than 10- 9 at 10 hr. Obviously, a 
new validation process is es ential 
if this significan t increase in reli­
ability (four orders of magnitude) 
is to be achieved and believed. 

Validation research in AIRLAB 
encompasses analytical methods, 
simulations, and emulations. An­
alytical studies are conducted to 
improve the utili ty and accuracy 
of advanced reliabili ty m odels 
and to evaluate new modeling 
concepts. Sim ulation and emula­
tion m ethods are used to deter­
mine latent faul t con tributions to 
electronic system reliability and 
hence aircraft safety. Experimen­
tal testing of physical system is 
conducted to uncover the latent 
interface problems of new tech­
nologies and to veri fy analytical 
methods. 

AIRLAB is a 7600- ft2 envi­
ronmentally controlled structure 
located in the high-bay area of 
Building 1220. AIRLA B houses 
a num ber of microcomp uter and 
minicompu ter resources and ev­
eral special fault- tolerant research 
hardware test specimens ded­
icated to the support of vali-
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dation research. The minicom­
puter resources consist of eight 
Digital Equipment Corporation 
VAX 11/750 computers, one 
VAX 11/780 computer, five Mi­
cro VAX II computers, two VAXs­
tation 3200's, eight Sun work­
stations, eight IBM-PC compati­
bles, and seven MacIntosh PC's. 
These resources are used to con­
trol experiments (such as fault 
insertions and performance moni­
toring); retrieve, reduce, and dis­
play engineering data; develop 
and validate simulations; and 
develop and validate analytical 
reliabili ty and performance es­
timation tool . Also included in 
AIRLAB are a Lightning Up-
set test bed and three advanced 
fault-tolerant computer systems; 
the Fault-Tolerant Multiproces­
sor (FTMP); the Fault-Tolerant 
Processor (FTP); and the Ver­
ifiable Integrated Processor for 
Enhanced Reliability (VIPER). 
These system are designed to 
explore fault-tolerant techniques 
for future Bight-critical aero pace 
applications and to serve as re­
search test beds for validation 
studies in AIRLAB. 
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Electromagnetic Effects 
Testing of Fault- Tolerant 
Control Systems 

Con trol systems for advanced 
aircraft will have veq high reli­
ability specifications that must 
be met in adverse as well as nom­
inal operating conditions. Se­
vere operating conditions can re­
sult from electromagnetic distur­
bances caused by lightning, high­
energy radio frequ ency (HERF) 
transmitters, and nuclear electro­
m agnetic pulses (NEMP). Pertur­
bations to computer-based con­
trol systems that can be caused 
by electromagnetic disturbances 
are function al error modes that 
involve no component damage. 
T hese error modes are collec­
tively known as upset modes, 
can occur simultaneously in all 
of the channels of a redundant 
control system, and are software 
dependent. To date, there are no 
comprehensive guidelines or cri­
teria for detecting upset modes, 
designing upset recovery m echa­
nisms, or performing upset tests 
or analyses on digital control sys­
tems. 

An upset test m ethodology 
has been developed for fa ul t­
toleran t control system s. The 
laboratory test configuration in­
volves the uni t under test and 
an unperturbed reference unit . 
Th e controller under test is per­
turbed by transient signals that 
are representative of induced 
electrom agnetic disturbances. 
Each controller will be interfaced 
to a simulation of the plant so 
that the closed-loop dynamics of 
the system are represented. Th e 
operation of the plants is com­
pared during tests so that cases 
in which acceptable control is 
not m aintained by the faulted 
controller can be Bagged in real 
time. The upset test m ethodol­
ogy is being demonstrated us-
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Upset test laboratory in AIRLAB facility. L-89-05807 

ing an electronic engine control 
(EEC) unit as an experimental 
test bed. Th e EEC is a control 
uni t manufactured by the Hamil­
ton Standard Division of United 
Technologies, which provides 
electronic controls for Pratt & 
Whi tney aircraft engines. It is 
a full- authority controller and a 
du al-channel system that oper­
ates with a primary/secondary 
channel redundancy strategy. 
The transient signal is gener­
ated by a polynomial waveform 
synthesizer and amplified in a 
wideband power amplifier with 
a maximum output power of 
1000 W and a frequency range 
of 10 kHz to 220 MHz. This ana­
log signal is inductively coupled 
in to the EEC, and the induced 
waveform is recorded by a wave­
form analyzer on which the fast 
Fourier transform (FFT ) and 
energy/power spectrum can be 
performed. Digital data from 
the EEC are recorded on a dig­
ital analysis system having 240 
inpu t lines that simultaneously 
can capture data from four mi­
croprocessors wi th time corre-

lation. Analog and digital data 
from the waveform analyzer and 
the digital analysis system are 
transferred via an IEEE 488 bus 
to a personal computer, which 
is used for display of data and 
transmission to a VAX 11/ 750 for 
analysis. 
(Celeste M . Belcastro, 46182, 
and Klaus P. Zaephel) 

Testing Generalized 
Gate-Level Logic System 
Simulator (GGLOSS) 

A common approach in the re­
liability analysis of complex dig­
ital computer systems is to solve 
models that account for fault 
and error handling mechanisms. 
These models include parameters 
that require the analysis of gate­
level behavior of faults in digital 
systems. Toward this end, Lang­
ley Research Center contracted 
with the Research Triangle Insti-
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1750A with gate level test ports. 

tute (RTI) to develop the Gen­
eralized Gate-Level Logic Sys­
tem Simulator (GGLOSS). The 
GGLOSS was designed specif­
ically to be a high-speed gate­
level fault simulator capable of 
simulating processors executing 
application programs. 

To test the GGLOSS, a cir­
cuit of realistic complexity was 
required. Furthermore, a means 
to verify the implementation of 
the fault model was needed. The 
circuit simulated in this analysis 
was a laboratory prototype de­
sign of a microproce sor based 
on the MIL-STD-1750A instruc­
tion set architecture. One of the 
interesting features of the labo­
ratory prototype is that it was 
built using specialized chips that 
allowed for the injection of stuck­
at faults in the combinational 
logic of the Arithmetic Logic 
Unit. This feature allowed com­
parison of the effect of the simu­
lated faults with equivalent faults 
injected in the actual hardware. 
The comparison was performed 
while executing the built-in self-

FAULT 
BEHAVIOR 

COMPARISON 

test of the microprocessor. In 
each case, it was determined that 
the faulted behavior was simu­
lated correctly. This comparison 
to faults in actual hardware was 
invaluable in assessing the cor­
rectness of the implementation of 
the GGLOSS fault model. Addi­
tionally, analysis of the GGLOSS 
simulation results uncovered a 
design flaw in the implementation 
of the microprocessor self-test 
routine. 

Because the GGLOSS was de­
signed to be able to simulate 
complete processors executing 
application programs at the gate 
level, a key development issue 
was simulator speed. By using 
two-valued logic, each wire in the 
simulated circuit requires only a 
ingle bit of torage in the host 

computer. Because the memory 
on a VAX is 32 bits wide, the 
GGLOSS is able to simulate 32 
copies of the circuit in the same 
amount of time required to imu­
late a single copy. The GGLOSS 
maintains one unfaulted copy of 
the circuit for easy comparison, 

while allowing the user to inject 
faults independently in each of 
the other 31 copies. In addition, 
the GGLOSS compiles the circuit 
in such a way that components 
are evaluated in an invariant, 
predetermined order. Finally, the 
GGLOSS uses a combination of 
zero-delay and unit-delay simula­
tion techniques in order to model 
combinatorial and sequential cir­
cuit elements, respectively. This 
combination of features gives the 
GGLOSS the ability to simulate 
approximately 106 gate evalua­
tions per MicroVAX II CPU sec­
ond while allowing the user the 
ability to monitor the effects of 
simulated faults. 
(Paul S. Miner, 46201) 

Fault Recovery 
Characteristics of 
Fault-Tolerant 
Multiprocessor 

A new fault injection exper­
iment design methodology was 
used to uncover and characterize 
problems with the Fault-Tolerant 
Multiprocessor (FTMP) error de­
tection and faulty-unit isolation 
functions. The new methodol­
ogy is based on two principles: 
faults should be injected mainly 
in signals with high fan-outs 
(e.g., control and enable signals) 
thu maximizing the amount of 
damage (the number of errors in­
troduced) to the system, and the 
information/ data necessary to de­
termine the system state should 
be observable at all times in real 
time. 

The figure show the architec­
ture of the FTMP test bed at 
AIRLAB. There are nine line re­
placeable units (LRU's) which 
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FTMP architecture 
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are interconnected by a redun­
dant system bus. Each LRU con­
tains a processor with cache, a 
system bus interface, and a sys­
tem memory unit. At system 
restart, the processors and the 
memories are organized in triads 
to provide the redundancy re­
quired to tolerate a single faul t 
anywhere in t he system. The 
t riads are tightly synchronized , 
i.e., all t he processor (memory) 
components of a processor (mem­
ory) triad execute the same in­
struction (operation) on t he same 
clock cycle . T hus synchronized, 
t hree copies of all input/output 
data from a t riad are presented 
to the triple redundant system 

bus. The copies then are voted 
bit by bit to mask any errors 
that might occur due to a fault 
on any of t he triad components. 

T he observed anomalies were 
discovered during hardware faul t 
injection experiments performed 
on t he FTMP test bed. During 
these experiments, the FTMP 
occasionally disabled t he wrong 
uni ts ; this behavior continued 
until the system crashed after 
several t housand faults had 
been injected. The figure shows 
the average sequence of LRU's 
disabled during t he experiments 
(faults inj ected in processor 3). 

Weaknesses in t he system de­
sign increase the probability that 
any active fault can exercise a 
part of the fault management 
software which handles "byzan­
tine or lying" faults. Byzan-
t ine faults behave such that the 
faulted uni t points to a work-
ing unit as the source of errors. 
The design weaknesses involve 
the interface between the sim­
plex error detect ion hardware 
and the error processing soft­
ware, the functional capabilities 
of the FTMP system bus, and 
the communication requirements 
of a mult iprocessor architecture. 
The effect of these design weak­
nesses is to allow errors to occur 
concurrently with the reading of 
the simplex error detection data 
by the system. When the errors 
occur in certain time intervals 
during the detection data acqui­
sition, the FTMP fault identifi­
cation procedure incorrectly de­
cides that only one LRU detected 
the error. This event triggers a 
software component , designed to 
handle "byzantine faults," which 
keeps track of t he identity of t he 
lone-accuser and disables it af­
ter a second event. In summary, 
the combined effects of the sys­
tem's design weaknesses result in 
a significant probability that a 
fault-handling error occurs such 
that one fault causes two LRU's 
(a good unit in addition to the 
faulty unit) to be disabled . 
(Peter A. Padilla, 46187) 
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Aerospace Controls Research Laboratory_ 

The purpose of the Aerospace 
Controls Research Laboratory 
(ACRL) is to conduct research 
and testing of spacecraft control 
systems. The ACRL is equipped 
with modern microcomputer fa­
cilities for simulations, data ac­
quisition, and real- time control 
system testing. Both control law 
testing using structural test arti­
cles and advanced control system 
component development are sup­
ported by the laboratory. The 
ACRL provides the controls com­
munity with facilities on which 
the performance of competing 
control laws may be compared. 

Spacecraft Control Laboratory 
Experiment (SCOLE). L-87-7321 

Two structural test articles 
are currently available. One, the 
Spacecraft Control Laboratory 
Experiment or SCOLE, allows 
testing of control laws for a com­
plete spacecraft . The test article 
mimics the Space Shuttle with a 
large flexible offset-feed antenna 
attached to the payload bay. 

Grid experiment. 

Reaction jets, control moment 
gyros, and torque wheels, along 
wi th accelerometers and rate sen­
sors, permit real-time control 
law implementation on SCOLE 
(see the first figure) . The other 
test article is the Grid experi­
ment. This facility is designed to 
support research in the control 

1-84-10319 
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Advanced sensor and act uator facili ty. 

of fl exible area structures. The 
grid , which is made of 2-in. by 
l i B-in . cross-section aluminum 
bars bonded at l2-in . intervals to 
form a 7-ft by lO-ft lattice, is sus­
pended vertically by two 2-ft-long 
cables and has appreciable low­
frequency structural dynam-
ics, inertial sensors and torque 
wheels, and microprocessor-based 
distributed computing compo­
nents (see the second figure). 

Th e advanced sensor and ac­
tuator facility supports research 
in control system components for 
space systems. Component de­
velopment currently focuses on 
optical sensing and computing 
devices. Two different pho­
togrammetric position tracking 
systems and an optical holo­
graphic image storage device 
are being developed. The facil­
ity (shown in the third figure) 
includes equipment for perform­
ing experiments in optics, two 
stable tables, optical mounts, 
lenses, mirrors, polarizers, beam 
splitters, photomultiplier tubes, a 
5-mW R eNe laser and a 35-mW 

L-89-325 

R eNe laser, a precision rotary 
stage, and laser beam steering 
systems. 

Charge Coupled Device optical sensors. 

Evaluation of Optical 
Sensor 

A performance evaluation of a 
prototype of a new Charge Cou­
pled Device (CCD) sensor has 
been performed. This sensor has 
been developed in t he advanced 
sensors and actuators facility and 
is to be used to track the motion 
of large flexible space structures . 
The sensor consists of a linear 
CCD focal plane, cylindrical lens, 
driver board (shown in figure) , 
and a digi tal signal processor for 
controlling sensor parameters and 
interfacing to an external com­
puter system. Tests have been 
performed on the driver board 
and output signals as well as the 
circui t for automatic adjustment 
of sensor parameters such as in­
tegration time, gain , and back­
ground subtract . Specifications 
for the sensor include a 20-MHz 
data rate , high gain, low noise, 
and automatic adjustment of sys­
tem parameters to achieve the 
best signal. Results of tests per­
formed on the prototype sensor 
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indicate that the performance of 
the sensor is within design speci­
fications. 
(Sharon S. Welch, 46611) 

Holographic Optical 
Storage 

Holographic optical storage 
is being investigated for use in 
distributed optical sensors and 
processors for control of flexible 
structures. A patent has been 
granted on a new holographic im­
age storage device using two pho­
torefractive crystals. The figure 
is a photograph of the labora­
tory setup of the two-crystal stor­
age device. The laboratory setup 
uses two BaTi03 crystals to store 

a hologram of the Air Force Res­
olut ion Chart. A hologram of the 
resolution chart is stored in the 
first crystal by interfering the ob­
ject beam with a reference beam. 
When this hologram is read out, 
a phase conjugate of the recon­
structed object beam is gener­
ated. This phase conj ugate beam 
becomes the object beam for the 
second crystal, and a hologram of 
this beam is stored by interfering 
it with a second reference beam. 
This hologram is then read out, 
and the original object beam is 
reconstructed. The reconstructed 
beam from the second crystal is 
d irected back into the first crys­
tal to be stored as t he original 
beam was stored . The image in­
formation is stored by oscillating 
between the two crystals . 

T he output of the memory 
device also is shown in the figure. 
Tests have been conducted to 

Output 
voltage 

determine the length of time 
the image can be stored and 
the parameters affecting storage 
time. Storage times in excess of a 
minute have been successfully 
demonstrated. Further tests 
are planned to determine how 
to extend the storage time and 
improve the resolution of the 
device. 
(Sharon S. Welch, 46611) 

Direction of motion 

'- Sensing and processing optics 

• Patent Application Filed 
for Optical Memory 

• Flexible Beam Experiment Defined 
With OSP Control 

• Sensor Based on Optical Memory 
Device Under Development 

Integrated optical sensor/processor (OSP). 
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Transport Systems Research Vehicle (TSRV) 
and TSRV Simulator _________ _ 

The Transport Systems 
Research Vehicle (TSRV) and 
TSRV Simulator are primary 
research tools used by the Ad­
vanced Transport Operating Sys­
tems (ATOPS) P rogram. The 
goal of the ATOPS Program is to 
increase the operational capabil­
i ty of modern aircraft and foster 
their integration into the evolving 
National Airspace System. 

The TSRV has two flight 
decks: a conventional Boeing 737 
flight deck provides operational 
support and safety backup, and 

New TSRVaft cockpit configuration . 

78 

t 

the fully operational research 
fligh t deck , positioned in the 
aircraft cabin , provides the 
capability to explore innovations 
in display formats , contents, and 
in-aircraft operation . 

The "all-glass" research flight 
deck presents information to the 
crew via eight -in.-square elec­
tronic displays representative of 
the technology to becom e avail­
able in commercial transports 

1- 7-3645 
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in the 1990's. The state-of-the­
art color displays are driven by 
new, onboard computers and, 
most importantly, specially devel­
oped computer software. These 
new technologies make it possible 
to more clearly display informa­
tion presented only partially or 
in scattered locations on exist­
ing electromechanical and first­
generation electronic displays in 
today's aircraft. 

In addition to video concepts 
for primary flight and navigation 
displays in front of both pilot 
and copilot, center panel displays 
provide the capability to monitor 
engine and system status and 
to manage aircraft systems 
operation. The center panel 
displays will permit research on 
how additional information can 
be displayed and used to improve 
situational awareness, air traffic 
control communications, flight 
management options, and traffic 
awareness. 

The TSRV Simulator provides 
the means for ground-based sim­
ulation in support of the ATOPS 
Program. The Simulator, which 
is being modified to duplicate the 
upgraded aft flight deck located 
in the TSRV, allows proposed 
concepts in such areas as guid­
ance and control algorithms, new 
display techniques, operational 
procedures, and man/machine 
interfaces to be thoroughly evalu­
ated. The recent addition of four 
out-the-window display systems 
(driven by an Evans and Suther­
land CT-6 Computer-Generated 
Imagery system) allows realis-
tic out-the-window scenes to be 
presented to the crew. This sys­
tem is capable of presenting day­
time, nighttime, and all ranges of 
weather effects. Promising sim­
ulation research results become 
the subjects of actual flight test 
research. 

Helmet-Mounted Display 
Synthetic Visibility System 

The objective of this program 
was to define, develop , and 
evaluate a synthetic visibility 
system for performing safe, 
accurate, and consistent manual 
approaches and landings under 
visual meteorological conditions 
using video cameras and helmet­
mounted displays (HMD's) 
in lieu of a normal cockpit 
windscreen. 

This study was conducted as 
a joint Langley Research Cen-
ter j McDonnell Douglas Corpo­
ration (MDC) program. The 
MDC provided a proprietary 
state-of-the-art HMD system 
that was augmented by Langley­
determined supplementary sym­
bology. Langley interfaced the 
system with the ATOPS Boe­
ing 737 aircraft and conducted 
flight tests to evaluate the ef­
fectiveness of the concept. The 
system provided forward-looking 
television cameras that covered a 

Dispersion statistics 

Visual HMO 

X. mean 97 It 97 It 

" 202 It 212 It 

Y. mean 2 It 31t 

" 6 It 10 It 

Sample 58 67 

Helmet-mounted display. 

field of regard 80° wide and 30° 
high. Helmet-mounted eyepieces 
displayed a 40° by 30° field of 
view depending on the direc-
tion in which the pilot looked 
as sensed by a magnetic (Polhe­
mus) sensor on the helmet. An 
advantage of using the HMD is 
that the scene can be displayed 
in actual size (magnification fac­
tor of 1) , not reduced size, to fit 
a head-down television monitor. 
Superimposed on the television 
scene was a set of supplementary 
symbology felt to be necessary to 
conduct a visual approach and 
landing. The symbology included 
airspeed, altitude and heading 
(all alphanumerics), flight path 
angle, longitudinal acceleration, 
airspeed error, flare cue, flight 
path reference line, waterline, 
and a pitch ladder. 

Flight test evaluation of the 
system was completed in June 
1989 using two ASA and two 
MDC evaluation pilots . Devel­
opment and data gathering flight 
tests involved over 200 landings 
in a 32-hr flight test program. 

Touchdown dispersion 
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Results indicated the feasibi l-
ity of HMD 's for landing high­
performance aircraft. Touchdown 
dispersions using the HMD were 
comparable to visual landings. 
Thus, a synthetic visibility sys­
tem for use in hypersonic vehi­
cles may provide a suitable al­
ternative to a traditional cockpit 
windscreen for the pilot during 
approach and landing. A syn­
thetic visibility system would 
provide huge savings in weight 
and complexity over a Concorde­
type droop snoot. 
(James R. Hall , 4385 1, 
K enneth R. Yenni , 
Lee H. P erson, and 
J. W . K elly) 

Superiority of New 
Engine-Monitoring and 
Control System (E-MACS) 
Display Concept 

T he primary objective of this 
study was to provide an ad­
vanced aircraft engine display 
system designed to exploit the 
capabilities of electronic display 
media for increased pilot under­
standing of system performance 
while simultaneously reducing 
pilot mental work load and er­
ror. The underlying concept of 
this study was that a reduct ion 
in the mental work load associ­
ated with the utilization of dis­
played information may require 
that information be provided in 
a form more directly oriented 
to the user 's task. The area of 
interest for t his study was sec­
ondary flight display formats , 
with engine instruments as the 
specific application. This appli­
cation area was chosen because 
it provided both a control task, 
engine power with throttle, and a 
systems monitoring task. A part-

80 

Traditional 

Comparison of traditional engine display with E-MACS concept. 

task evaluation in the TSRV Sim­
ulator was used to compare the 
E-MACS display with a modern, 
current-generation engine display 
format . 

The E-MACS display provides 
an innovative interface to the 
engine system for reduced pilot 
work load and increased situa­
t ional understanding. The E­
MACS display format provides 
unique display elements tailored 
to the pilot's task. For the con­
trol task, a display element based 
on a model of engine performance 
characteristics was used. This 
display element provided a direct 
indication of engine thrust rel-

ative to a computed maximum 
thrust available value. For the 
monitoring task, the emphasis 
was placed on presenting quanti­
tative information in a form that 
may be processed cognitively in 
a qualitative manner. Column­
deviation indicators were used as 
the display elements for monitor­
ing, where the deviation was be­
tween t he actual and a computed 
ideal value. 

Sixteen pilots participated in a 
simulator evaluation of E-MACS. 
The test included takeoff and 
in-flight conditions with both 
normal and fault (degraded and 
out-of-tolerance) conditions. 
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As part of the evaluation, each 
pilot was presented with four 
different scenarios for each of 
t he two display formats. Half 
of the scenarios involved fault 
sit uations. The subjective 
results of t his test showed an 
overall preference for the E­
MACS display relative to the 
traditional display. Additionally, 
t he monitoring display elements 
seem to allow holistic viewing 
of the sy tem information . 
The most significant result is 
t hat the use of the E-MACS 
display resulted in a lOO-percent 
detection rate for all system 
faults relative to a 56-percent 
rate for the traditional display 
(at the 95-percent confidence 
level). 
(Terence S. Abbott, 42009) 

Aircraft-ATe Information 
Transfer Simulation Study 

Digital data link is a rapidly 
maturing technology for aircraft 
Air Traffic Control (ATC) . In­
creased flight deck utilization of 
data link will result in increased 
National Airspace System safety 
and efficiency by reducing com­
munication errors, relieving con­
gested ATC radio frequencies , 
and enabling more information 
transfer between aircraft and 
ground facilities. A previous 
Langley Research Center study 
concluded that key flight deck is­
sues in data link ATC communi­
cation are pilot communication 
work load, situational aware­
ness, and pilot (instrument and 
out- the-window) vigilance. The 
primary objective of this effort 
was to examine methods of us­
ing data link ATC information 
transfer in combination with con­
ventional voice radio to reduce 
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Three-window touch-sensitive data link interface. 

pilot work load while maintaining 
situational awareness and min­
imizing adverse pilot vigilance 
effects resulting from the switch 
to a primarily visual ATC com­
munication interface. 

The study was conducted in 
the TSRV Simulator using a 6-in. 
by 6-in. touch-sensitive center 
panel, color CRT (cathode-
ray tube) as the pilot data-
link input/output interface. To 
reduce pilot work load, uplinked 
informat ion (including routes , 
airspeeds, alt itudes, headings, 
and radio frequencies) could 
be entered into the aircraft 
subsystems with a touch input 
on the data link interface. To 
assist t he pilots in maintaining 
situational awareness, weather 
and t raffic information were 
included in t he up linked ATC 
messages. To minimize the effects 
on pilot vigilance, a synthetic 
voice output capability allowed 
the pilots to receive messages 
without having to view t he 
display. 

The commercial airline flight 
crew subjects reported reduced 
work load attributed to t he data 
link ATC communication pro-

cess and to the pilot-initiated 
automatic input of data into the 
aircraft subsystems. Synthetic 
speech reduced the adverse ef­
fects on pilot vigilance because 
the pilots did not have to look 
at the display to receive mes­
sages; however, an increase in 
the time needed to acknowledge 
ATC instructions resulted. Pilot 
situational awareness was signif­
icantly improved because of the 
weather and traffic information 
added to the data-linked mes­
sages. It was demonstrated that, 
through application of data link 
technology in ATC information 
transfer, reductions in pilot work 
load can be achieved while mini­
mizing losses in pilot situational 
awareness. 
(Marvin C. Waller, 42025) 
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Airborne 4-0 Flight 
Management in 
Time-Based ATe 
Environment 

Advanced Air Traffi c Control 
(AT C) systems are being devel­
oped which contain t ime-based 
(4-D) t rajectory predictions of 
a ircraft . Airborne flight manage­
ment sy tems (FMS) exist or are 
being developed with similar 4-D 
trajectory generation capabilit ies. 
Differences between the ATC­
generated profiles and those gen­
erated by t he airborne 4-D FMS 
may introduce system problems. 
Significant design challenges must 
be addressed to ensure the com­
patibili ty of future airborne and 
ground-based systems. 

A simulation experiment was 
conducted to explore integration 
of a 4-D-equipped aircraft into 
a 4-D ATC system. The TSRV 
Simulator was linked in real 
t ime to an Ames Research 
Center ATC simulation for t his 
effort. Candidate procedures 
for handling 4-D-equipped 
aircraft were devi ed , and t raffi c 
scenarios were established which 
required t ime delays absorbed 
through speed control alone 
or in combination with path 
stretching. A unique vert ical 
situation display, shown in the 
figure, provided the pilots in t he 
T SRV cockpit with guidance for 
flying the 4-D t rajectories . 

The 4-D procedures and FMS 
operation were well received by 
the airline pilots, who achieved 
an arrival accuracy at the me­
tering fix of 2.9 s standard de­
viation t ime error. Dissimilari­
ties between airborne and ATC­
generated speed strategies were 
fo und to be a problem under 
moderate t raffic conditions when 
most of the t raffi c remained on 
established routes . The differ-
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TSRV Simulator ver tical sit ua tion display for airborne time guidance. 

ent cruise speeds of the TSRV 
(flying FMS-generated speeds) 
and the other traffi c (flying ATC­
generated speeds) produced po­
tential in-t rail conflicts that re­
quired controller intervention. 
The T SRV was found to be more 
effi cient in fl ying t rajectories wi th 
speeds that conformed to the 
ATC strategy when traffi c con­
di t ion required speed control by 
ATC. 

Heavy t raffi c condi t ions, where 
t ime delays forced off-route path 
stretching, were found to produce 
t he greatest operational benefit 
of the airborne 4-D FMS . T he 
pilots were able to consistently 
fly controller vectors to absorb 
t ime delays using t heir FMS 
vert ical sit ua tion display to 
decide when to t urn back on 
course. This procedure showed 
the potential to relieve controller 
work load while improving 
effi ciency. 
(D avid H. W illiams, 42023) 
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Crew Station Systems Research Laboratory_ 

The trend in modern cock­
pits has been to replace electro­
mechanical instruments with 
electronic control and display 
devices. The NASA Crew Sta­
tion Electronics Technology 
research program is at the fore­
front of this trend with research 
and development activities in 
the areas of advanced display 
media, display generation, and 
cockpit controls/ displays/ flight 
subsystems integration. Specific 
areas of current interest are high­
performance stereo pictorial 
primary flight display graph-
ics; information management 
techniques; large-screen full­
color display media; wide-screen, 
panoramic display concepts; vir­
tual, panoramic, real-world dis­
plays; and image sensor fusion 
techniques. 

The Crew Station Systems 
Research Laboratory (CSSRL) 
serves as a primary testing fa­
cility for the concepts and de­
vices emerging from this research 
program. The laboratory pro­
vides a unique civil capability to 
conduct iterative development 
and pilot/vehicle experimental 
evaluation research for advanced 
cockpit technologies in a highly 
realistic flight simulation environ­
ment. The CSSRL also provides 
a lighting research facility that 
represents the full range of ambi­
ent and solar lighting conditions 
to be encountered by an aircraft 
cockpit and allows for the deter­
mination of not only the light­
ing characterizations of cockpit 
displays but also the determina­
tion of pilot/vehicle performance 
effects under realistic lighting 
conditions. 

Major elements of the CSSRL 
are the Advanced Display Eval­
uation Cockpi t (ADEC), which 
is a reconfigurable research cab; 
the Aircraft Cockpi t Ambient 
Lighting and Solar Sim ulator 
(A CALSS) , which provides real­
world am bient and solar lighting 
conditions to the ADEC cockpit; 
and two separate general-purpose 
digital processors, one of which 
handles system inpu t/outpu t and 
vehicle math model sim ulation, 
while the other acts as host pro­
cessor and preprocessor for two 
graphics generators. Other ma­
jor elem ents include three high­
performance raster graphics dis­
play generators (one of which has 
its own host co-processor), which 
provide sophisticated graphics 
formats to the display devices 
(cathode-ray tubes, flat panels, 
and helmet-mounted displays); 
a fiber optic link to the central 
compu ting facili ty, which can 
provide high- fideli ty simulation 
math m odels for research requir­
ing more complex vehicles; and 
a Display Device and Materials 
Laboratory, which provides fa-

HIGH·PERFORMANCE 
RASTER DISPLAY 

GENERATORS 
VAX·111780 
SIMULATION 
PROCESSOR 

cilities for flat-panel materials/ 
device technology develop­
ments and photometric bench 
evaluations. 

Achievement of Improved 
Tracking and Monitoring 
Performance Through Use 
of Stereopsis and Color 
Cueing 

The use of monochrome 
helmet-mounted display (HMD) 
systems is becoming prevalent in 
today's complex flight mission 
environment. These HMD 
systems can provide stereopsis 
cueing as an almost natural 
byproduct for binocular helmet 
systems. The application of 
stereopsis (true depth) cueing 
to heads-down flight display 
concepts has demonstrated gains 
in pilot situational awareness 
and improved task performance. 
The use of color in information 
displays is somewhat similar to 
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the use of stereopsis cueing; in 
both cases, the advantages seem 
obvious and intuitive, but the 
disadvantage (i.e., additional 
cost) has caused their use to 
be debated. nlike stereopsis , 
the technology for color is not 
yet available with today 's HMD 
flight systems. The goal of this 
research was to assess the use 
of color cueing in peripheral 
monitoring displays and of 
stereopsis cueing in the foveal 
display of tracking information 
as may be encountered in future 
HMD systems. 

A single-axis vertical tracking 
task for a rotorcraft , using 

Display format and associated tasks. L-89-13515 

a pathway-in-the-sky format 
(as shown in the first figure) , 
was chosen as the primary 
task for the pilot-in-the-loop 
exp riment. A monitoring 
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Monitoring task performance effects (performance of five U.S. Army rotorcrait pilots). 

task (detection of boundary 
excursions) was presented in the 
periphery of the display (first 
figure). Because current HMD 's 
cannot provide the capabilities 
of nonstereo and stereo cueing 
with color capability, a heads-up 
color CRT (cathode-ray tube) 
stereo monitor configuration was 
used to emulate an HMD. The 
total field of view of 40 0 was 
parti tioned into a foveal area of 
200 and left- and right-peripheral 
areas of 100. The primary 
tracking task was presented 
as a nonstereo/stereo pathway 
in the foveal area, while the 
monitoring task was presented 
in the peripheral area, with the 
presence/absence of color cueing. 

The addition of color cueing 
to the monitoring task resulted 
in improvements in the primary 

tracking task , but only when 
using a nonstereo pathway (as 
shown in t he left-hand side of the 
second figure). The addition of 
stereopsis cueing to the pathway 
display resulted in improvements 
in the primary tracking task, 
with or without color in the 
monitoring task display (as 
shown in the right-hand side of 
the second figure). The addition 
of color cueing in the monitoring 
task display resulted in an 
increase in the number of correct 
boundary excursions detected by 
the pilots and in a decrease in 
the number of extraneou (false) 
detections (as shown in the third 
figure). In future HMD systems, 
the inclusion of both stereopsis 
cueing in the foveal area (to 
provide enhanced situational 
awareness in precision tasks) 
and color cueing in peripheral 

moni toring tasks (to enhance 
alerting functions) is desirable. 
(Russell V. Parrish and 
Steven P. Williams, 46649) 

Dramatic Improvement in 
Stereo Depth-ot-Field 
Display 

Recent research in the appli­
cation of stereopsis to real-world, 
three-dimensional (3-D), pictorial 
flight displays has demonstrated 
gains in pilot situational aware­
ness and improved task perfor­
mance and has documented pilot 
preference for stereo versions of 
these displays. These encourag­
ing results have occurred despite 
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Scene-to-screen mapping problems using conventional stereo display 
technology. 

the use of conventional directly 
viewed (non collimated ) stereo 
display technology that everely 
limits the stereo depth-viewing 
volume. It is well-known from 

psychophysical research that the 
effect ive range of human stereo 
vision is several hundred feet. 
Constraints are imposed by t he 
limited depth-viewing volumes 

Screen Depth of Field of view 
distance viewing volume (degrees) 

19 in. 16.2 in. 40.0 

38 in. 32.3 in. 20.6 

57 in. 48.4 in. 13.8 

Infinity Very large depth 40.0 
(coll imation) postulated 

Stereo display viewing volumes. 

of conventional directly viewed 
stereo 3-D display hardware , in 
which the real-world depth cues 
of hundreds of feet are mapped 
into a virtual volume with only 
several feet of depth (as shown in 
the first figure). The objective of 
this proof-of-concept effort was to 
investigate whether or not a dra­
matic increase in depth-volume 
for stereo 3-D displays would be 
provided by t he application of 
collimated optics to the stereo 
display source. 

USE OF CONVENTIONAL 
STEREO 3-D MONITOR 

USE OF COLLIMATED 
OPTICS DISPLAY SYSTEM 

Stereo Bight display test hardware. 
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Recent experiments at Langley 
Research Center discovered that 
the effective region of stereopsis 
cueing (i.e., the depth-viewing 
vol ume) increased with increasing 
viewer-screen distance (as shown 
in the second figure). However , 
this increase was accompanied by 
a decrease in the field of view of 
the system. Collimation of t he 
display source would move the 
effective accommodation distance 
to near-infinity while maintain­
ing the field of view at required 
levels. A dramatic increase in 
the depth-viewing volume was 
postulated due to relaxed accom­
modation/ convergence restric­
tions. The conventional stereo 3-
D monitor was mounted on a col­
limation system , and subj ective 
determinations of the viewing­
volume were made. These de­
t erminations revealed a one­
hundredfold increase in depth 
compared to t he conventional 
system (as shown in the third fig­
ure). Thus, a dept h-viewing vol­
ume more commensurate with 
that of natural human vision 
was achieved. This dramatic in­
crease in dept h-viewing volume 
is a breakthrough in heads-down 
stereo display technology, and 
it will contribute to the full ex­
ploitat ion of stereopsis cueing 
in advanced display concepts, 
particularly in advanced applica­
tions such as a High-Speed Civil 
Transport (HSCT), which may 
require virtual windows and/or 
a see-t hrough-the-nose pictorial 
display capability. 
(Russell V. Parrish, Anthony 
M. Busquets, and Steven 
P. Williams, 46649) 

------------ -- - - -- - - ------------_._- ----

Multicolor TFEL Display 
Fabrication Method Using 
Single-Phosphor Layer 
and Ion Implantation 

Thin-film electroluminescent 
(TFEL) display technology is 
a candidate fl at-panel display 
technology for future use in 
aircraft and spacecraft cockpits. 
Recently, full-color capability 
was achieved in TFEL displays 
through contractual research 
sponsored by NASA and the 
U.S . Army. However , t he present 
method for fabricating full-color 
TFEL displays is highly complex 
in that it requires three separate 
phosphor deposition steps and 
three separate etching steps. The 
chemical etching is difficult to 
control and leads to low yields. 
The objective of this research 
was to develop and evaluate 
a new method of TFEL color 
di play fabrication which would 
eliminate all the etching and two 
of the deposition steps, thereby 
resulting in a simpler fabrication 
method with higher yields. 

A new method for t he fabri­
cation of multicolor TFEL dis­
plays was conceived and doc­
umented in the form of a U.S. 
patent application (NASA Case 

o. LAR 13616-1 ). To establish 

the feasibility of the fabrication 
method, which uses a single­
phosphor layer in conjunction 
with ion implantation, a simpli­
fied test cell approach was uti­
lized . The TFEL test cell was 
a single-phosphor-Iayer display 
having a I-in. by I-in. active area 
with 16 columns (as defined by 
addressing column electrodes). 
The single-phosphor layer used 
was ZnS :TbF3 (zinc sulfide with 
1 percent terbium fluoride), 
which is a green-emitting TFEL 
phosphor. Alternate columns 
of the test cell display were 
masked, and Mn (manganese) 
ions were implanted into the un­
masked columns (as shown in 
the first figure). The regions re­
ceiving the ion implant become 
ZnS:TbF3+Mn, which is a red­
emitting phosphor. Following the 
implantation, the test cell was 
made into a functional TFEL 
display for testing through the 
addition of 16 row electrodes and 
an insulating (dielectric) layer . 

Testing revealed that a two­
color (red + green) TFEL display 
was successfully produced using 
a single deposition layer of host 
phosphor material and ion im­
plantation in alternate columns. 
The ZnS:TbF3 host phosphor, as 
deposited, emitted green light . 
The areas receiving the Mn ion 

MANGANESE ION IMPLANTATION (Ml) 

"--IMPLANT MASK 

....... - HOST PHOSPHOR 
r=================~ (ZnS:Tb) 

DIELECTRIC 

TRANSPARENT 
COLUMN 

ELECTRODES 

Multicolor TFEL Bat-panel display fabrication by ion implantation. 
1-89-10438 
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M ulticolor TFEL test-cell display. 

implant emit ted red-orange light. 
The re ult ing display device (as 
shown in the second figure) had 
eight green and eight red-orange 
stripes. T he results of this ex­
periment are proof of the concept 
of using ion implantation to pro­
duce mul t icolor TFEL displays 
having a single-deposit ion phos­
phor layer . T his concept offers 
t he possibili ty of a simpler fabri-

88 

cation process wi th higher yields 
than the currently u ed proce s 
by elimination of the difficul t-to­
control etching steps. 
(James B. Robertson, 46654) 
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Human Engineering Methods Laboratory __ 

The Human Engineering 
Methods (HEM) Laboratory 
has been established to develop 
measurement technology to 
assess the effects of advanced 
crew station concepts on the 
crew's ability to function without 
mental overload, excessive stress, 
or fatigue. The laboratory 
provides the capability for 
m easurement of behavioral and 
psychophysiological response of 
the Bight deck crew. 

The facility comprises state­
of-the-art bioinstrumentation as 
well as computer-based physi­
ological data acquisition , anal­
ysis and display, and experi­
ment control capability. Soft­
ware has been developed which 
enables the demonstration of 
work load effects on the steady­
state evoked brain response and 
transient evoked response sig­
nals as well as the moni toring 
of electrocardiographic (EKG) , 
electromyographic (EMG) , skin 
temperature, respiration, and 
electrodermal activity. 

The Langley Research Center­
developed oculometer capability 
has been integrated with the 
other physiological measurement 
techniques. Subjective rating 
and secondary task m ethods 
for assessing mental work load 
also have been implem ented. 
A computer-based cri terion 
task battery is available for 
preliminary testing (with human 
subjects) of work load techniques 
that are being validated prior 
to evaluation and application 
in the simulators. Satelli te 
physiological signal conditioning 
and behavioral response capture 

L J ,...... .... 

SIMULATOR WITH BIOINSTRUMENTATION 
DATA ACQUISITION 

& ANALYSIS 

stations are located at the 
simulator sites to provide human 
response m easurem ent support 
for Bight managem ent and 
operations research . 

Voice Measures of Mental 
Work l oad 

A series of studies was un­
dertaken to determine the rela­
tionship between the acoustical 
properties of the voice and the 
work load demands placed on the 
speaker. Such measures of work 
load would be less obtrusive and 
better tolerated by pilots than 
present measures (which involve 
el ctrodes, such as the electrocar­
diogram, or which involve ques­
tionnaires). In the present study, 
subjects repeatedly spoke short, 
imperative sentences as pilots 
would do on an advanced flight 
deck employing voice recogni­
tion systems. This task elicited 
speech samples. A simultaneous 
loading task was used to manip-

ulate work load. The time pres­
sure of the loading task was great 
in a high-work-load condition and 
less in a low-work-load condition. 
The voice samples were subjected 
to a computer analysis used in 
previous studies of the mental 
state of psychiatric patients. 

The results indicated that 
during both the high- and the 
low-work-load conditions, the 
amplitude of the voice fell over 
the course of the tasks. This 
drop-off occurred more quickly 
in the high-work-load condition . 
In the low-work-load condition, 
the amplitude recovered to 
earlier, higher levels following 
rest periods. In the high-work­
load condition, thi recovery did 
not occur. These results suggest 
that work load may not be best 
revealed by calculating the means 
of the acoustical parameters of 
the voice. Instead, it may be best 
to assess work load by the strain 
that it induces in the operator 
over time. Performing a high­
work-load task over a period of 
time may cause strain , which in 
turn may reveal itself as a loss in 
the energy of the voice over time 
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Relationship between voice amplitude over time and work load demands. 

(that is, a reduction in loudness). 
Increased strain makes it less 
likely that the voice would regain 
its energy following rest periods . 
These findings were essentially 
replicated in follow-on tests in 
the Transport Systems Research 
Vehicle Simulator. 

The results suggest that voice 
measures of work load could play 
a role in assessing the demands 
placed by new technology on 
operators. However , as results 
with pilots revealed , that role 
is limited by t he variability 
among operators, and even 
within a single operator, by t he 
effects of task demands on the 
voice. Increased mean amplitude 
may reflect heightened effort 
devoted to a task. Faster drop­
offs in amplitude may reflect the 
fat igue resulting from sustained 
effort. In this way, the acoustical 
parameters of the voice may 
reveal t he strategy that an 
operator uses for allocating effort 
during demanding sit uations. 
(Alan T. P ope, 4664 2) 

Indication of Lower Pilot 
Stress by Heart-Rate 
Measures for Stereo 
Pictorial Landing 
Approach Displays 

Advances in technology have 
brought about numerous possi­
bilities for the display of informa­
tion to pilots in new, integrated 
display formats with the poten­
tial to improve sit uational aware-

20 
Z 
0 
~ 10 
> 
W 
O~ 
wo... 0 
~CO 
0:: 
t-!- -10 
0:: 
~ 
W 
I -20 

0 100 

ness and pilot/vehicle perfor­
mance. One potential advance in 
piloted displays is the presenta­
t ion of pictorial information using 
stereopsis cueing. The objective of 
t his research effort , undertaken 
as part of a larger piloted study 
on pilot/ vehicle performance ef­
fects, was to determine if the use 
of stereopsis in a pictorial landing 
approach display would result in 
a reduction of pilot stress. 

The study was designed to 
show the effects of stereopsis 
cueing upon heart-rate measures, 
because these measures have 
been demonstrated by Langley 
Research Center personnel 
and others to be indicative of 
pilot stress. Six U.S. Air Force 
pilots flew 24 transport aircraft 
landing approaches each in the 
Visual/ Motion Simulator. The 
display presented a landing 
scene in stereo or nonstereo 
modes. The pictoria l display 
offered guidance information 
in one of three curved-pathway 
formats, coupled with a lead 
aircraft that was to be followed 
in order to maintain the proper 
speed in t he approach. The 

200 300 

TIME, S 

Typical heart-rate time history. 
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Comparison of pilot heart-rate responses to nonstereo landing approach 
display. 

landing approach consisted of 
a curved, decelerating path to 
touchdown on the runway. T he 
pilots were instrumented with 
electrocardiogram electrodes to 
record their inter-beat intervals. 
T hese data were sampled and 
stored for conversion to heart­
rate data. 

At the beginning of the run, 
the pilot had a level heart rate 
until the introduction of winds 
36 s into the approach. This 
heart rate was taken as the base­
line heart rate. The heart rate 
typically increased throughout 
the approach because of the in­
creased amount of stress caused 
by the winds, then the curved, 
descending, decelerating ap­
proach, and then the fl are-to­
landing on t he runway. The 
peak heart rate was measured 
at touchdown. T he heart-rate 
measure used to indicate t he level 
of stress of t he run was the dif­
ference in the touchdown heart 
rate and the baseline heart rate. 
T he difference between the aver­
age heart-rate increases with and 
without stereopsis cues is statisti-

cally significant at the 0.01 level. 
The average heart-rate increase 
for all pilots was 11.4 beats/min 
(BPM) for nonstereo presen­
tations, but only 9.7 BPM for 
stereo presentations. T hese re­
sults indicate that stereopsis cues 
can reduce t he amount of stress 
imposed upon pilots when using 
a pictorial display for t he tasks 
involved in a curved, decelerat­
ing landing approach. Further , 
the results show that the increase 
in heart rate (between baseline 
and touchdown) is a far better 
physiological measure to use than 
heart rate at touchdown, because 
the increase in heart-rate mea­
sure is more tolerant of the vari­
ability between subjects. 
(Randall L. Harris , Sr. and 
Mark Nataupsky, 46641) 
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General-Aviation Simulator 

The General-A viation Simula­
tor (GAS) consists of a general­
aviation aircraft cockpit mounted 
on a three-degree-of-freedom mo­
tion plat form . Th e cockpit is a 
reproduction of a twin-engine 
propeller-driven general-aviation 
aircraft with a full complem ent 
of instruments, controls, and 
switches, including radio navi­
gation equipment. Programmable 
control force feel is provided by 
a "through- the-panel" two-axis 
controller that can be removed 
and replaced with a two-axis 
side-stick controller that can be 
mounted in the pilot's left-hand, 
center, or right-hand position. A 
variable-force-feel system is also 
provided for the rudder pedals. 
The pilot 's instrument panel can 
be configured with various com­
binations of cathode-ray tube 
(CRT) displays and conventional 
instruments to represent aircraft 
such as the Cessna 172, Chero­
kee 180, and Cessna 402B. A 
collimated-image visual system 
provides a 6Cf fi eld-of-view out­
the-window color display. The 
visual sy tem can accept inpu ts 
from a terrain model board sys­
tem and a computer-generated 
graphics system. The simulator 
is flown in real time with a CDC 
CYBER 175 computer to simu­
late aircraft dynamics. 

R esearch has been conducted 
to improve the ride quality of GA 
aircraft by developing gust al­
leviation control laws to reduce 
the aircraft response to turbu­
lence while still maintaining gen­
erally good fly ing characteris­
tics. Re earch studies that are 
in progress are the GA Easy Fly, 
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a program to in vestigate ways 
of making general-aviation air­
planes easier to fly, especially for 
low-time or nonpilots, and a pi­
loted simulation study to address 
handling qualities issues of ad­
vanced commuter-type turboprop 
configurations. 

Easy-to-Fly 
General-Aviation Ai rplanes 

ew control and display 
concepts for the novice pilot 
are being developed and studied 
on the GAS. These systems are 
intended to reduce the initial 
training and recurring practice 
requirements for low-time or 
beginning pilots and thus make 
general aviation a safer and 
more practical transportation 

system. Two advanced systems 
are being simulated: a fly-by­
wire automatic control system 
(Ez-Fly) and a head-up display 
(Highway in the Sky or HITS). 
T he Ez-Fly control system is 
designed to decouple conventional 
airplane responses and provide 
responses to control inputs more 
similar to those of an automobile. 
T he HITS display is designed to 
resemble a road marked with lane 
stripes as shown in the figure. In 
the top center of t he display is 
a box in which commands are 
displayed to the pilot . F light 
director arrows that guide 
the pilot to t he center of the 
"highway" are displayed in the 
box most of the t ime. However , 
higher priority messages, such as 
those shown above the display, 
can temporarily displace the 
flight director arrows whenever 
the situation demands it. 
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Highway-in- the-Sky display Format. 

In order to evaluate the in­
stinctive reactions of the test 
subjects, no practice or train-
ing runs are given to the simula­
tion test subjects, and only two 
runs are made with an individ­
ual test subject. Test subjects 
range from ASA research pilots 
to novice nonpilots, with an em­
phasis on the nonpilots. The first 
run is made with both the Ez­
Fly control system and the HITS 
di play. The second run is made 
with t he HITS display and the 
conventional control system of 
the airplane. Many of the novice 
test subj ects can fly a complete 
maneuver from takeoff to land­
ing with the combined systems, 
but only a few can complete the 
maneuver with only t he HITS 
display. 
(Eric C. Stewart, 43939) 

Flaps down 90 knots 
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Differential Maneuvering Simulator _ __ _ 

The Langley Differential 
Maneuvering Simulator (DMS) 
provides a m eans of simulating 
two piloted aircraft operating 
in a differential mode with a 
realistic cockpit environment 
and a wide-angle external visual 
scene for each of the two pilots. 
Th e system consists of two 
identical fixed-base cockpits and 
projection system , each based 
in a 40-ft-diameter projection 
sphere. Each projection system 
consists of two terrain projectors 
to provide a realistic terrain 
scene and a system for target 
image generation and projection. 
The terrain scene driven by a 
Computer-Generated Image 
(CGI) system provides reference 
in all six degrees of freedom in a 
manner that allows unrestricted 
aircraft motions. The resulting 
sky/Earth scene provides full 
translational and rotational cues. 
Th e internal visual scene also 
provides continuous rotational 
and bounded (300 ft to 45,000 ft ) 
translational reference to one or 
two other (target) vehicle in six 
degrees of freedom. 

The target image presented 
to each pilot represents aircraft 
being flown by the other pilot 
in this two-aircraft simulator. 
This dual simulator can be 
tied to a third dom e and can 
provide three aircraft interactions 
when req uired. Each cockpit 
provides three color displays 
with a 6. 5-in. square viewing 
area and a wide-angle head-up 
dispJay. Kinesthetic cues in the 
form of a g-suit pressurization 
system , helmet loader system , g­
seat system, cockpit buffet, and 
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programmable control forces are 
provided to the pilots consistent 
with the motions of their aircraft. 
Other controls include a side arm 
controller, dual throttles, and a 
rotorcraft collective. Research 
applications include studies 

Target model. 

of high-angle-of-attack fligh t 
control laws, evaluation of evasive 
maneuvers for various aircraft 
and ro torcraft, and evaluations of 
the effect of parameter changes 
on the performance of several 
baseline aircraft. 

1-71-2579 
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Fighter Agility Research 

Numerous studies have shown 
that enhanced high-angle-of­
attack agility can significantly 
improve effectiveness in close-in 
air combat . A broad research 
program is under way at Lang­
ley Research Center to develop 
technologies that will provide fu­
ture fighter aircraft with greatly 
enhanced agility at high-angle-of­
attack flight conditions. This ca­
pability can be achieved through 
the use of advanced control con­
cepts such as vectoring of the 
engine thrust and unconven­
tional aerodynamic devices. De­
sign requirements and guide­
lines are needed to implement 
most effectively this enhanced 
capability. Studies are under 
way to define and quantify en­
hanced agility/ handling quali­
ties related to improved high­
angle-of-attack capability; de­
velop t he design requirements 
for agility/ handling qualities , in­
cluding tradeoffs; and develop 
the design tools/ methodologies to 
enable t hese requirements to be 
met. The investigations include 
wind tunnel testing, analytical 
studies, and simulation investiga­
t ions . 

Piloted simulation studies 
on the Differential Maneuver-
ing Simulator (DMS) are being 
conducted to investigate and 
quantify the high-angle-of-attack 
agility enhancements provided 
by thrust-vectoring controls. A 
full-envelope simulation model 
of the F -18 airplane incorpo­
rating a representative thrust­
vectoring control system is being 
used in t hese investigations. A 
set of evaluation maneuvers was 
developed to serve as the basis 
for the study and for quantifi­
cation of the agility characteris­
tics of the F-18 with and without 
thrust-vectoring controls. The re-
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View of cockpit and visual display. 

suIts show that t hrust-vectoring 
controls can provide greatly 
enhanced high-angle-of-attack 
agility over the baseline airplane 
with only aerodynamic controls. 
However , proper design of the 
control laws is vital to maximize 
t hese benefits in air combat. An 
initial correlation of these results 
with full-scale flight data was 
obtained by flying the same eval­
uation maneuvers on t he NASA 
F-18 High-Alpha Research Vehi­
cle (HARV). The motions seen in 
flight agree well with t hose pre­
dicted in t he simulation . These 
tests will be repeated in further 
tests of the HARV with thrust -

L-88-7175 

vectoring cont rols that are cur­
rently being implemented on the 
airplane. 
(Marilyn E. Ogburn, 41175) 
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Visual/Motion Simulator ________ _ 

T he Visual/ Motion Simulator 
(VMS) is a general-purpose 
simulator consisting of a two­
person cockpit mounted on a 
six-degree-of-freedom synergistic 
motion base. A collimated 
visual display provides 60° out­
the-window color display for 
both left and right seats. The 
visual display can accept inputs 
from several sources of image 
generation . A programmable 
hydraulic-control loading system 
i provided for column, wheel, 
and rudder in the left seat. A 
second programmable hydraulic­
control loading system for the 
right seat provides roll and pitch 
control for either a fighter-type 
control stick or a helicopter cyclic 
controller. R ight-side rudder 
control is an extension of the left­
side rudder control system. A 
friction-type collective control is 
provided for both the left and the 
right seats. An observer 's seat 
was installed in 1986 to allow a 
third person to be in the cockpit 
during motion operation. 

A realistic center control stand 
was installed in 1983 which, in 
addition to providing transport­
type control features, provides 
auto-throttle capability for both 
the forward and reverse thrust 
modes. Motion cues are provided 
in the VMS by the relative 
extension or retraction of the 
six hy draulic actuators of the 
motion base. Washout techniques 
are used to return the motion 
base to the neutraJ point once 
the onset motion cues have been 
commanded. In addition, a g­
seat is provided which can be 
interchanged between the left 
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and right seats to augment the 
motion cues from the base. 

R esearch applications have 
included studies for transport , 
fighter, and helicopter aircraft as 

Visual/ Motion Sim ulator cockpi t. 

well as for the National Aero­
Space Plane (NASP). These 
studies addressed phenomena as­
sociated with wake vortices, high­
speed turnoffs, microwave landing 
system s, energy m anagement, 

L-84-1079 
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multi body transports, maneuver­
ing stabili ty flight characteristics, 
wind shear recovery guidance, 
vortex flaps, and stereographic 
displays. N umerous simulation 
technology studies have also been 
conducted to evaluate the gen­
eration and usefulness of motion 
cues. 

Evaluated Benefits of 
Forward-Look Wind Shear 
Detection During Landing 
Approach 

Microburst wind shear poses 
a significant threat to transport 
aircraft during takeoff and land­
ing. Among the issues concerning 
the aviation industry are how to 
recover from an inadvertent mi­
croburst encounter, what safety 
benefits can be achieved from 
forward-look wind shear sensing, 
and how far ahead of an airplane 
must a sensor see to ensure suc­
cessful escape from a microburst. 
The objective of this research 
was to provide answers to these 
questions in a piloted-simulation 
environment. 

Batch simulations of airplane 
recoveries from micro bursts were 
conducted to evaluate candidate 
recovery strategies and the 
effect of varying the point at 
which the recovery was initiated. 
Three recovery strategies were 
chosen and implemented 8k. 

flight director guidance in the 
VMS and programmed with a 
Boeing 737-100 math model. 
Both reactive and forward-look 
wind shear detection capabili ties 
were simulated. Two wind shear 
models , a numeric model of the 
Dallas-Fort Worth microburst 
and a simple analytical model , 
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were implemented. A total of 455 
microburst encounters were made 
by 7 pilots, including research 
and air carrier pilots . 

The three recovery strategies 
that were chosen for implemen­
tation were to rotate to an initial 
pitch of 15°, then control sink 
rate; track the glide slope to a 
preset altit ude at full thrust to 
preserve airspeed , then fly level 
until exiting the wind shear; and 
manage the flight path angle to 
avoid obstacles and unnecessary 
climb and airspeed loss. The first 
strategy, which was used as a 
baselin , is an industry-accepted 
technique being taught to air­
line crews. The results showed 
that the facto r that caused the 
greatest improv ment in recov­
ery performance was the time at 
which the recovery was initiated, 
When given only a reactive wind 
shear alert , the difference in re­
covery performance between the 
three strategies was not statisti­
cally significant. When given a 
forward- look alert, the advanced 
strategies showed improved char-

acteristics over the baseline, but 
they had similar minimum al­
titudes. With the forward-look 
detection looking only 10 s ahead 
of the airplane, however , the im­
provement in recovery perfor­
mance was very significant com­
pared to receiving only a reactive 
alert. The figure shows examples 
of recovery trajectories with the 
three strategies and two alerts. 
All pilots provided very positive 
comments about the forward-look 
alerting capability. 

The results provide the first 
quantification of the benefits 
of a forward-look alerting in a 
piloted simulation environment 
and have implications for near­
term decisions being made by 
researchers and manufacturers in 
the field of remote sensing and by 
air carriers in the procurement of 
wind shear systems. 
(David A. Hinton, 42040) 
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Active Flexible-Wing Simulator _____ _ 

Most flight simulations at 
Langley R esearch Center are 
concerned with m an-in-the-loop 
research aircraft; however, occa­
sionally the real- time simulation 
facili ties are used to study other 
dynamic systems (for example, 
the A ctive Flexible- Wing (AFW) 
wind tunnel m odel and its con­
trol computer). This simulation 
is configured with a CYBER 175 
computer, a real-time control 
console, an engineer's console, 
an ADAGE Graphics Comp uter 
System , a CAMAC in terface site, 
and the AFW control computer. 
The AFW wind tunnel model is 
programmed and simulated on 
the CYBER 175 in synchronized 
slow tim e with an integration 
time step of 1/ 2000 s and a clock 
step of 1/ 80 s when both sym­
m etric and antisymmetric math 
models are simulated together. 
This procedure results in a syn­
chronized slow time of 1/ 25 real 
time. 

The control console is used to 
operate the simulation through 
the use of its touch panel, which 
can be programmed to repre­
sent various control switches. In 
addition , the programmer has 
available various readouts on 
the control console to moni tor 
the simulation. The engineer's 
console provides various digital 
readouts and displays for moni­
toring the AFW experiment and 
a number of switches and po­
tentiometers to allow parameter 
changes and inpu ts during the 
experiment. An ADAGE Graph­
ics Computer, which is in terfaced 
directly to the CYBER 175, 
displays a color-coded, three­
dim ensional wirefram e outline 
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of the AFW model. The display 
presents aircraft pitch , roll, and 
yaw angles, control surface de­
flections, and up to 10 modes of 
vibration. Th e CAMAC interface 
site converts CYBER 175 digital 
signals to analog signals that are 
sent to the AFW control com­
puter through the wind tunnel 
interface unit. In addition , the 
CAMAC site converts analog sig­
nals coming from the AFW con­
trol computer to digital signals to 
be sent to the CYBER 175. Th e 
AFW control computer, which 
is programmed with the various 
control laws, runs during the sim­
ulation experiments with a clock 
step of 1/ 8 s for both symmet­
ric and antisymmetric models 
running together, and an integra­
tion time step of 1/ 200 s . This 
process maintains the sam e syn­
chronization between the AFW 
control computer and the real­
time computer as would exist 

between the AFW control com­
puter and the wind tunnel model 
during wind tunnel tests. 

Hot-Bench Testing of 
Control Computer Used in 
Active Flexible-Wing Wind 
Tunnel Test Program 

The purpose of this work, 
which took place in the Active 
F lexible-Wing Simulator, was to 
develop a simulation tool to vali­
date the implementation of digi­
tal control laws being used to ac­
tively control the elastic deforma­
tion of a wind tunnel model. The 
wind tunnel model is a dynami­
cally scaled model of an advanced 
tailless fighter being tested in the 
Transonic Dynamic Tunnel as 
part of the Active Flexible Wing 
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ADAGE graphics display of simulated AFW wind tunnel model. 1-89-10758 

(AFW) Program. Real-time sim­
ulation using rigid-body aircraft 
dynamic models is a frequently 
employed , well-understood step 
in the validation of flight control 
laws. The implementation of the 
more complex, aeroelastic vehicle 
equations is a challenging ap­
plication of real-time simulation 
technology. 

Prior to wind tunnel entry, 
end- to-end validation testing of 
the digital controller was accom­
plished using a real-time Rot­
Bench Simulation (RBS) of the 
AFW wind tunnel model. The 
RBS computer program was de­
veloped to use data generated 
with existing aeroservoelastic 
analysis tools and implemented 
on the Analysis and Computation 
Division's advanced real-time 
simulation system. The simu­
lation dynamic model included 
symmetric and antisymmetric 
elastic modes, third-order actu­
ator models, unsteady aerody­
namic "lag" states, symmetric 
and antisymmetric turbulence 
models, and first-order antialias­
ing fi lters on the feedback sig­
nals. An integration step size of 
1/2000 s was used in combination 
with an update clock rate of 80 

frames per second, t he maximum 
update rate possible without los­
ing t ime synchronization . While 
the RBS runs 25:1 "slow," dy­
namic validi ty is maintained by 
clocking the digital controller at 
8 frames per second during RBS 
testing instead of 200 frames per 
second as used in t he wind tun­
nel. While future work will at­
tempt to reduce the slow to real­
time ratio, a benefi t of running 
in slow motion is that t he criti­
cal model dynamics, which occur 
at 9 to 11 cycles per second in 
real time, may be more easily ob­
served on t he graphics display. 
To assist in understanding the 
AFW model dynamic behavior , a 
real- t ime display on t he ADAGE 
Graphics Computers was devel­
oped as shown in t he figure. The 
graphic uses the fini te-element 
structural model of the vehicle, 
highlighting t he main body and 
wings and the eight control sur­
faces. The dashed line represents 
the undeformed configuration. 
The deformations shown are ex­
aggerated by a factor of 15. 

The RBS was essential in 
debugging and validating the 
digital controller prior to tunnel 
ent ry. T he implementation of 

appropriate real-time simulation 
models is an enabling technology 
for the design of active structural 
control for highly integrated 
airplanes . 
(Carey S. B uttrill, 44016) 
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DC-9 Full-Work-Load Simulator ------

The DC-9 Full- Work-Load 
Simulator consists of a fixed-
base McDonnell Douglas DC-9-30 
cockpi t, a test console, and elec­
tronics cabinets. This cockpit 
was formerly a DC-8 cockpit, bu t 
it was recently upgraded to pro­
vide the capability for dedicated 
DC-9 full- work-load simulations. 
Stations are available in the cock­
pit for a captain and a first of­
ficer. Flight control responses 
for elevator, aileron, and rudder 
are simulated by forces from hy­
draulic servo systems. Manual 
throttle control for two engines 
is provided on the center console. 
The forward electronics panel 
of the center console is outfitted 
with a 9-in. color cathode ray 
tube (CRT) which can be used 
to display computer-gen rated 
graphic presentations, such as 
Cockpit Display of Traffic Infor­
mation (CDTI) or Area Navi­
gation (RNA V). A transparent 
touch panel superimposed over 
the face of the CRT provides a 
discrete input to the computer 
when any point on the surface is 
touched. Work is progre sing to­
ward improvement of this simula­
tor through retrofi t of a modified 
aircraft center console with au­
tothrottle capability and through 
the installation of a collimated 
visual display system to provide 
an out-the-window color display 
for both the captain and the first 
officer . 

Full-work-load studies can be 
performed in this simulator be-
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cause the capacity exists to sim­
ulate all aircraft instruments, an­
nunciators, witches, and alarms. 
Three very-high-frequency (VHF) 
communication receivers are sim­
ulated for VOR/ ILS (VHF Omni­
directional R ange/Instrument 
Landing Sy tem). One ADF 
(Airborne Direction Finder) ra­
dio receiver and three marker 
beacon receivers are simulated 
in this cockpit. In 1986, a visual 
display system was installed to 
display out-the-window scenes 
to the pilot and copilot. The vi­
sual display system was upgraded 
in 1989 for compatibili ty with 
the Computer-Generated Im age 
system. In 1988, a Control Dis-

L- 4-224 

play Unit (CDU) was installed in 
place of the CDTI CRT. 

Prior to ini tiating dedicated 
research in this simulator, it was 
necessary to evaluate the full­
work-load aspects of the sim­
ulator, validate the fideli ty of 
the aircraft and subsystem m od­
els, and obtain baseline data on 
airline procedures. Normal ap­
proach and depar ture operations 
in the Denver area were flown by 
five pilots from two different air­
lines. Baseline data concerning 
crew procedures, simulator per­
form ance, and subsystem model­
ing were obtained and have been 
incorporated in the overall sim u-
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DC-9 Full- Work-Load Simulator cockpit. 

lation . Procedures for simulator 
Air Traffic Control (ATC) party­
line communications were also 
developed and evaluated. 

Studies have included a CDTI 
cockpit procedures study, a ter­
minal time-based ATC deliv-
ery performance of conventional 
aircraft study, and a microwave 
landing system (MLS) study. An 
oculometer has been installed for 
studies to evaluate information 
transfer rate between instruments 
and pilots. 

---- ----
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Space Simulation and Environmental Test 
Complex _____________ _ 

The 60-ft-diam eter Space 
Simulation Sphere (Building 
1295) can simulate an altitude 
of 320,000 ft (2 x 10- 4 mm Hg). 
This vacuum level is attainable in 
7 hours with a three-stage pump­
ing system . The carbon steel 
sphere is accessible through a 
personnel door, a 12-ft-diameter 
specimen door, and a 4-ft main­
tenance door at the top. A 2-
ton hoist located at the top en­
hances specimen handling inside 
the sphere. Sight ports are lo­
cated both at the top and at the 
equator. Two closed-circuit tele­
vision cam eras, a videocassette 
recorder, and an oscillograph are 
available. Firing circuitry and a 
programmer are available for the 
use of pyrotechnics, and a sys­
tem of Bood lights is installed in 
the sphere to facili tate high-speed 
photography. Th e sphere is used 
primarily for dynamic testing of 
aerospace components and mod­
els at a near-space environment. 

Thermal- vacuum testing has 
long been a prerequisite to the 
active deploym ent of space ex­
periments. A series of exper­
iments, which optically sense 
characteristics of tile Earth 's 
atmosphere from outer space, 
necessitated the creation of an 
ul tra-high-cleanliness thermal fa­
cili ty. Th e optical components 
of these experimen ts would be 
severely degraded by contamina­
tion by oils or other vaporous 
materials commonly found in 
thermal cham bers and vacuum 
pumping ystems. Langley Re­
search Cen ter upgraded the 8-
by 15-Foot T hermal-Vacuum 
Chamber (in Building 1250) by 
repeated vacuum bakeout and 
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60-ft-diameter Space Simulation Sphere. 

solvent wipedown. Two 35-in. 
cryogenic pumps were installed, 
and cold traps were inserted in 
the roughing pump lines to elim­
inate back contamination from 
the pumps. Th e chamber is ca­
pable of - 30(f' F to + 100(f' F tem­
peratures and has glass ports for 
solar illumination simulation. 

A 5- by 5-Foot Therma1-
Vacuum Chamber (also in Build­
ing 1250) augments the thermal 
testing capability. The smaller 
stainless-steel chamber is used 
for subsystem and component 
testing. A completely enclosed 
liquid-nitrogen cryopane1 with 
sight ports that have externally 
adjustable irises can cool the am­
bient temperature to - 30(f' F. R e­
movable heater banks are used 
for precise temperature control 
and high ambient temperature 
applications. Th e chamber uses a 
570 ft3/ min roughing pump and 
a 32-in. diffusion pump to reach 
its capacity of 1 x 10- 7 torr. 
Th e pumping capability is high 
relative to the chamber volume; 
therefore, the 1 x 10- 7 torr level 
can be attained in 1.5 hours. 

Structural integrity of 
aerospace hardware is essential 
for both performance and safety. 
The Engineering Vibration Test 
Facility in Building 1250 is used 
to perform environmental vibra­
tion tests on aerospace Bight sys­
tems and components to demon­
strate that the Bight equipment 
will maintain structural integrity 
when exposed to a mission en­
vironment. The facility includes 
two shaker units and centralized 
equipment for control, data ac­
quisition , and signal processing. 
One unit is an Unho1tz-Dickie 
T-1000 shaker with a 24,000-lbf 
peak force and a 1-in. armature 
stroke. The second shaker, a 
recent addition , is an Unholtz­
Dickie T-4000 unit with a 40,000-
1bf peak force and a 1-in. stroke 
(1. 75-in . stroke for shock test­
ing). Th e vibration control room 
houses a GenRad 2514 vibration 
control system for shaker con-
trol and signal processing plus 
signal conditioning and analog 
data recording equipment for 12 
channels of data. Through auxil­
iary equipment, the data capacity 
can be expanded. Tests are con-
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~- by 15-Foot Thermal-Vacuum Chamber. 

Unholtz-Dickie T-l000 shaker. 

ducted with great care given to 
equipment, test article, and per­
sonnel safety Closed-circuit tele­
vision coverage is used to safely 
monitor the test article during all 
tests. 
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HALOE Gas Response 
Test 

The Haloe Occultation Ex­
periment (HALOE) will glob­
ally monitor the vertical distri­
bution of key gases in the ozone 
chemistry by measuring the ex­
tinction of solar radiation (in 
the 2.5-J..Lm to 10.0-J..Lm range) 
which passes through the atmo­
sphere of the Earth during solar 
occultation. The HALOE is one 
of 10 instruments on the Upper 
Atmosphere Research Satellite 
(UARS), which is scheduled for a 
late 1991 launch. 

The HALOE Gas Response 
Test was performed in Build­
ing 1250 in the 8- by 15-Foot 
Thermal-Vacuum Chamber 
to assess understanding of the 
HALOE instrument end-to-end 
response under carefully con­
trolled , known laboratory stim­
uli at three instrument temper­
atures (lOOC, 20°C, and 30°e). 
The scientific test objectives 
were to demonstrate the abil-
ity to predict HALOE response 
to simulated orbital exposure to 
known gas mixtures, pressures, 
and temperatures of HF, HCI, 
NO, CH4, C02 , N02, 03, and 
H20; to demonstrate adequacy of 
data reduction methods; to assess 
the adequacy of spectral parame­
ters in each HALOE channel; and 
to characterize the instantaneous 
field of view (IFOV) as a function 
of temperature, the instrument 
balance versus signal intensity, 
the broadband polarization sen­
sitivity, and the instrument drift 
stability and predictability. 

The test concept was to insert 
known test gases into the colli­
mated beam of a temperature­
controlled blackbody source and 
direct the modulated radiation 
into the telescope of the HALOE 
instrument. The radiation path 
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Gas Response Test Gas Fill Station and Purge Chamber. 

up to the 8- by 15-Foot Thermal­
Vacuum Chamber window was 
purged with gaseous nitrogen to 
maintain the dew point to less 
than - 30°C. The figure shows 
the Gas Fill Station and Purge 
Chamber installed in front of the 
8- by 15-Foot Thermal-Vacuum 
Chamber. All test objectives 
were accomplished . Additional 
tests are planned in 1990 prior to 
the UARS launch. 
(N. A . Holmberg, 46970) 
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NTF Fan Blade Dynamic 
Properties 
Characterization 

The recent repair of the Na­
tional Transonic Facility (NTF) 
required engineering measure­
ments and tests in the Space 
Simulation and Environmental 
Test Complex. Replacement fan 
blades for the NTF were bal­
anced individually and then ge­
ometrically located on the hubs 
to minimize static and dynamic 
imbalance of the fan assembly. 
Each of the 25 blades was sus­
pended from support fixtures 
that allowed for unrestricted mo­
tion in any of t hree perpendicu­
lar axes (X, Y, Z). Initial mea­
surements of weight and linear 
displacement from the normal 
centerline were made to deter­
mine the actual center of grav­
ity or c.g. These measurements 
were very precise, making use 
of calibrated load cells, a sur­
veying transit , and a personal 
computer for calculating correc­
t ive ballast weight and location 
coordinates. These data were re­
quired to effect a shift of the c.g. 
to a point coincident with the 
normal centerline of each axis. 
Ballast weights were installed 
and measurements repeated to 
ensure that the blades were in 
static balance. 

Additionally, a modal survey 
was performed on each blade to 
determine resonant frequencies 
(fi rst, second , and torsional) and 
damping characteristics. Blades 
were rigidly attached to a sup­
port fixture. Surfaces were in­
strumented with accelerome­
ters , and a vibrating force was 
induced using a small shaker. 
Signals were evaluated using a 
spectrum analyzer , and nodal 
plots were recorded. All oper­
ational procedures and weight , 
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NT F fan blade being prepared for c.g. determination. 

c.g., and modal survey data were 
retained in archival logs for pos­
sible future reference. In addi­
t ion, a video recording of fixture 
attachment and assembly tech­
niques was made. 

T he figure depicts an NTF 
fan blade being prepared for c.g. 
determination. 
(T homas J. Lash, 45644) 
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Aerospace Component 
Environmental Test 
Facilities 

Experimental hardware cur­
rently under development for ad­
vanced aircraft and spacecraft 
sensors requires environmental 
testing for development , evalua­
tion, characterization, qualifica­
tion, and acceptance purposes. 

T he Lidar Atmospheric Sens­
ing Experiment (LASE), which 
is an aircraft-borne instrument 
designed for the accurate remote 
measurement of tropospheric wa­
ter vapor, is currently scheduled 
for fl ight on the Ames Research 
Center ER-2 aircraft in the SUffi-

1-89-07371 

mer of 1991. Recent LASE en­
vironmental testing has included 
vibration testing of the first- and 
second-stage etalon chambers, 
tape recorder and tray, encoder, 
converter, and precursor box. 

The Lidar In-Space Technology 
Experiment (LITE) is a space­
borne instrument designed for an 
accurate remote determination 
of cloud top heights, planetary 
boundary-layer heights, tropo­
spheric aerosols, stratospheric 
aerosols, and temperature and 
density. The experiment is to 
operate from the Space Trans­
portation System (STS) cargo 
bay in the mid-1990 's. Recent 
LITE component testing has 
included crystal oven develop-
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LITE optics mount assembly vibration test setup. 

mental thermal-vacuum testing, 
qualification vibration testing 
of optical component mounts 
and electronic enclosures, and 
thermal-vacuum testing of optical 
mounts and interference filters. 

The Aeroassist Flight Experi­
ment (AFE) is a space-borne ex­
periment designed for the evalua­
tion and characterization of aer­
obraking. The experiment pack­
age is to be deployed by the STS 
and propelled toward Earth by a 
solid rocket motor. The Pressure 
Distribut ion/ Air Data System 
(PD/ ADS), which is one of 11 
AFE experiments, is designed to 
measure the pressure distribution 
on t he aerobrake by the utiliza-

bon of a system of transducers 
attached to aero brake orifices. 

Recent AFE (PD / ADS) testing 
has included the evaluation of 
the performance of candidate 
transducers while subjected to 
flight-type vibra tion and thermal­
vacuum environments. 

Typical of t his component 
testing is the LITE optics mount 
assembly vibration test setup 
shown in the figure. 
(Robert T. Sherrill, 47085) 

1-89-3288 
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Advanced Technology Research Laboratory _ 

The Advanced Technology 
Research Laboratory was dedi­
cated in early 1989 in support of 
the NASA Space Energy Con­
version R esearch and Technol-
ogy Program. The laboratory 
houses multidisciplinary research 
activities assessing the feasibil-
ity of spacecraft-to-spacecraft 
laser power transmission for 
propulsion and for electric power 
distribution, conducting theoret­
ical studies on galactic and solar 
cosmic ray exposure and shield­
ing, and developing ultra-high 
vacuum gas-surface interaction 
technology. Major facilities in­
clude three solar simulators that 
consist of a single-lamp unit of 50-
kW inpu t power, a dual-lamp 
unit of 100-kW input power, and 
a state-of-the-art single-lamp unit 
of 160-kW inpu t power. These 
simulators provide a range of so­
lar irradiance conditions for the 
multifaceted research into the di­
rect conversion of solar energy 
to laser power. The research in­
cludes investigations using solid , 
liquid, and gas lasers powered by 
simulated sunlight; electrically 
driven diode lasers; and the con­
version of laser power back into 
electrici ty. 

Theoretical research is sup­
ported by a computational ca­
pabili ty that includes the latest 
computer technology. In addi­
tion, the facility is fully inte­
grated into the Center's high­
speed data network. A group 
of laboratories house ultra-high 
vacuum equipment that simu­
lates the space environment and 
specialized condi tions associ­
ated with advanced spacecraft. 

Th e laboratory also contains a 
large, multikilojoule capacitor 
bank that is the energy source for 
the development of laser-power 
beaming technology. 

H igh- Temperature Surface 
A nalysis 

The adsorption of hydro-
gen into the bulk of materials 
m ay form hydrides or unwanted 
phases that severely degrade the 
m echanical prop erties of the ma­
terial. Titanium aluminides, for 
example, are very sensitive to 
the effects of hydrogen, especially 
above 6000 C. Because the surface 
oxides, carbides, nitrides, and 
other barrier layers can substan­
tially affect the rate of adsorption 
and dissolution of hydrogen into 

the bulk, it is important to deter­
mine the composition, thickness, 
and rate of formation of these 
barriers as a function of tempera­
ture. 

The figure shows a surface sys­
tem with a sample preparation 
chamber and high-temperature 
analysis capability. Samples can 
be introduced into the prepa­
ration chamber, heated up to 
10000C in a selected gas envi­
ronment (10- 9 torr to 760 torr), 
and then transferred to the anal­
ysis chamber «10- 11 torr). The 
sample then can be studied with 
Auger electron spectroscopy, 
secondary-ion-mass spectroscopy, 
ion-scattering spectroscopy, 
electron-stimulated desorption , 
and temperature-programmed 
desorption. During any diag­
nostic study, the sample can be 
heated to a temperature of up to 
10000C, thus permitting multiple 
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Surface analysis system with sample preparation chamber and high-
temperature analysis capabili ty (~lOOaoC). L-88-01281 

analyses at high temperatures. 
The sample also can be simulta­
neously sputtered for depth pro­
fil ing using differentially pumped 
ion guns. 
(R. A . Outlaw , 41433) 

2-m Master-Oscillator 
Power-Amplifier System 
for Space Laser Power 
Transmission 

A novel concept that involves 
focusing sunlight directly into 
a high-power laser for power 
distribution in space is under 
technological development. 
Potent ial applications may 
require the laser to provide 
1 MW of power and operate 
over transmission distances 
of thousands of kilometers. 
One laser system feasible for 
scaling to such a power level 

on the iodide photo dissociation 
laser. In this configuration, 
the master oscillator need only 
provide a low-power , high­
quali ty beam, while the power 
amplifier provides increased 
power and preserves the beam 

quality that is required for 
long-distance transmission. 
Preliminary tests conducted 
earlier with the iodide n-C3F7I 
showed power amplifications 
of 1.7 and 5 for single and triple 
passes, respectively, traversing 
an amplifying region only 0.15 m 
long. These results encouraged 
further experimentation with 
longer amplifier tubes. 

In 1989, a 2-m-long amplifier 
system was designed, fabricated , 
and installed for characterization 
of a long amplifier similar to one 
conceived for space operations , 
as shown in the first figure . 
Because a broad-optical-band 
(continuously emitting a light 
source 2 m long) which could 
provide the equivalent of solar 
spectral irradiance above the 
atmosphere was not available, a 
series of two 1-m-long fiash lamps, 
which could be energized by 
a short electrical pulse, were 
used as the solar simulator. 
The fiashlamps were placed 
on the focal line of a parabolic 
trough to produce parallel light 

is a master-oscillator power­
amplifier (MOPA) system based Conceptual MOPA system for space operations. 

108 Langley Aerospace Test Highlights- 1989 



AMPLIFIED 
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LASER PULSE FROM 
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Basic arrangement of laser amplifler of 2-m MOP A system. The 
Bashlamp-driving pulse-forming network, master oscillator, iodide vapor 
fllling/ evacuating unit, and laser power/ energy beam proflle diagnostics 
are not shown for clarity. 

after reflection from the inner 
surface of the trough (see the 
second figure) . The amplifier 
tube was placed on the focal 
line of a second parabolic trough 
(second figure) , which collects 
and focuses the pump-beam 
from the flashlamps onto the 
amplifier tube. The irradiance 
on the amplifier tube could be 
varied with the electrical pulse 
energy. The amplifier tube was 
made of long, thin-walled quartz 
tubing. A XeCI-Iaser-pumped 
iodine laser (not shown in the 
second figure) was aligned with 
the amplifier tube as the master 

oscillator of the MOPA system. 
The output of the oscillator 
was 1 mJ. Other accessories of 
the MOPA system such as the 
iodide-filling-evacuating unit, t he 
XeCI-gas handling/ cleaning unit, 
and the power/ energy meters , 
have been installed and operated. 

A test plan for characteri­
zation and evaluation of the 
MOPA system has been devel­
oped. The test parameters to be 
varied are iodide lasant pressure, 
pump-beam irradiance, the io­
dide species (n-C3F7I, i-C3F 7I, 
and t-C4Fg1) , and the inj ection 

power / energy from the master 
oscillator. The effects of t hese 
parameters on the energy stor­
age, the gain saturation , the am­
plification factor , and t he beam 
quality will be studied carefully. 
(J. H. Lee, 41473) 
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Structural Dynamics Research Laboratory_ 

The Structural Dynamics Re­
search Laboratory (SDRL) is de­
signed to conduct research on 
the dynamics and controls be­
havior of spacecraft and aircraft 
structures, equipment, and mate­
rials. The SDRL offers a variety 
of environmental simulation ca­
pabilities, including acceleration , 
vacuum, and thermal radiation. 
Improvem ents are under way 
which will benefit controls and 
structures interaction research. 

The newest feature of the 
SDRL is the 5200 ft2 Space 
Structures R esearch Laboratory, 
which has a 68-ft high suspension 
plat form from which large space 
structures may be suspended 
over any portion of the work 
area. This laboratory will hou e 
a 1/ 10-subscale Space Station 
Fr edom m odel and a controls­
structures interaction model for 
performing structural dynamics 
and controls research of large 
space structures. The SDRL 
also contains a 12-ft by 12-ft 
backstop area for cantilevered 
structural tests. A control 
room houses a state-of-the-
art data acq uisition capability, 
which is provided by a 128-
channel GenRad 2515/CYTEC 
scanner and by a 16-channel 
Zonic system. A CAMAC crate 
connected via a fiber optic line 
to the real-time CYBER 175 
computer provides computational 
capabili ty necessary for closed­
loop active vibration suppression. 
The crate has the capacity to 
handle up to 42 input and 42 
output channels. 

The dominant feature of the 
main laboratory is a 38-ft-high 
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backstop of I-beam construction . 
Test areas available around this 
facili ty are 15 ft by 35 ft by 
38 ft high and a 12 ft by 12 ft 
that is 95 ft high. The tower 
presently houses a 66-ft-high 
space truss. Spiral stairs, ladders, 
and platforms provide access over 
the entire main laboratory. 

Another feature of the SDRL 
is the 16-Meter Thermal- Vacuum 
Chamber, which presently houses 
a 15-m-diameter hoop/column 
antenna. It has a 55-ft-diameter 
hemispherical dome with a re­
movable 5-ton crane, a 64-ft-high 
dome peak, a fiat fioor , and an 
option for a large centrifuge or a 
rotating platform. Access is by 
an airlock door and an lS-ft-high 
by 20-ft-wide test specimen door. 
Ten lO-in.-diameter view ports 
are randomly spaced for visu­
ally monitoring tests. A vacuum 
level of 10 torr can be achieved 
within 120 min and, with dif­
fusion pumps, 10- 4 torr vac­
uum can be achieved in 160 min. 
The centrifuge attached to the 
fioor of the chamber is rated 
to 100 g, with a 50,000-lbf ca­
pacity and a maximum allow-

able specimen weight of 2000 lb. 
Six-ft mounting faces for test 
articles are available at 16.5-
ft and 20.5-ft radii. The tables 
can accommodate electromag­
netic and hydraulic excitation 
devices. A temperature range of 
1000 F is obtained from 250 ft2 
of portable radiant heaters and 
liquid-ni trogen-cooled plates. 

A control room for the main 
laboratory, the tower, and the 
16-Meter Th erm al- Vacuum 
Chamber houses state-of-the-art 
capabili ty for up to 220 chan­
nels of signal conditioning and 
analog and digital data record­
ing. A 128-channel GenRad 
2515/CYTEC scanner provides 
digital signal processing. A VAX 
11-780/EAI 2000 hybrid com­
puter system for simulation and 
on-line test control is also avail­
able. A CAMAC crate similar to 
the one in the Space Structures 
Research Laboratory part of the 
SDRL is available for closed­
loop active vibration suppression 
testing. 

A vailable excitation equipment 
includes several types of small 
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shakers. The largest shaker is 
hydraulic with a maximum of 
1200-lbf, a 6-in . stroke, and a 
O-Hz to 170-Hz range. All areas 
are monitored by closed-circuit 
television cameras. 

Mini-Mast CSI Test Bed 
Facility 

A ctively controlled vibration 
suppression of fl exible large 
space structures is required for 
precision pointing of antennas 
and optical instruments and for 
assembly of the Freedom space 
station and space exploratory 
vehicles. Because these are low­
frequency structures, precision 
control tends to lead to controls­
structures interaction (CSI). 
The objective of the Mini-Mast 
development is to provide a 
ground-based test bed facility 
in which active controller designs 
can be tested and studied in a 
CSI environment, thus leading to 
operational designs. 

A photograph of the Mini­
Mast mounted in the Structural 
Dynamics Research Laboratory is 
shown in the figure. The Mini­
Mast is an 18-bay, foldable, 
65-ft-long, three-longeron, flight­
like cantilever truss. The truss 
structure has characteristics 
associated with future large 
space structures, namely, low 
frequencies (starting at 0.8 Hz), 
closely spaced modes (e.g. , 108 
local member modes between 
15 Hz and 22 Hz), and joints that 
introduce nonlinearity into the 
truss dynamics. Displacement, 
velocity, and acceleration sensors 
have been installed on the truss. 
A total of 36 channels of sensor 
measurements on the structure 
itself are available for feedback 
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Mini-Mast mounted in Structural Dynamics Research Laboratory. 

to the controller. Fifty-one 
noncontacting displacement 
transducers are distribu ted 
along the truss length. The 
complete set is used for dynamics 
characterization, and 16 of these 
transducers are used to provide 
feedback signals for control. 
Additional instrumentation 
pallets are located at mid-
length and at the free end, 

L-86-10105 

or tip. Mounted to the tip 
pallet are three angular rate 
sensors and four accelerometers. 
The mid-length pallet has two 
accelerometers for measuring 
motion in the plane of the 
pallet. Excitation of the truss is 
provided by three 50-Jbf shakers 
located immediately below the 
mid-length pallet and/ or by 
three 50-ft·lb-output torque 
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wheels located on the tip pallet. 
The torque wheels also act as 
actuators to control the truss 
vibrations. 
(J. M . Housner, 44325 , 
R. S. Pappa, S. E. Perez, 
R. Miserentino , 
K. B . Elliott , J. L. Sulla, 
and B. L. Williams, Jr.) 

Control System D esign f or 
M ini-Mast 

The value of the Mini-Mast as 
a research facili ty has been con­
firm ed by using it to develop and 
validate a procedure for con trol 
system design. Th e procedure 
began with a series of open-loop 
tests to generate an empirical 
model that was then used in the 
control system design. The de-
sign method selected was opti-
mal m ulti-input/ output linear 
quadratic Gaussian control the-
ory. The design was examined by 
sim ulation before its implemen­
tation on the Mini-Mast. A time 
history of tip displacement for 
the first-mode open-loop test and 
corresponding closed-loop simula­
tion is shown on the bottom half 
of the figure. After simulation, 
the control system was tested on 
the facili ty. Time histories of ac­
tual torque wheel command and 
the corresponding tip displace­
ment history for active control of 
the first m ode are shown on the 
top half of the figure. A com­
parison of tip displacem ent tim e 
histories between simulation and 
ground test (second plot from top 
and the bottom plot) shows close 
agreement. Significantly, substantial 
improvem ent in the damping of 
the mode is seen . 

Checkout of the Mini-Mast 
system is now complete and well­
documented for fu ture use by 
researchers from government, 
industry, and academia. 

11 2 

Torque wheel 
excitation for 30 s 

Torque wheel 
command, Y axis 

N-m 

30 ~~=-++ii==Z~ 
20 
10 
o 1ttttl+tttt+AAItH-t-f-\-,o.!--! 

-10 
-20 
-30 L--_____ _ 

Control 
command 

~ Controlled 
2~~~~~~~ response 

Tip 
displacement, 

cm 

1 

o l++++++++J+I.l+I+l+l-I4
ll-Pv--

-1 

-2~------------~ 

r-II....-;-:----,-i4:=:::::~ ~ Free decay 
2 

Tip 
displacement, 

cm 

Tip 
displacement, 

cm 

1 

o H+++H+I+++J..I..I.l.I+I+I+I+I-~~ Al\.i.WI' A 
.rfJV 

-1 

-2 "--'--__ ~------.J 

3 
2 
1 

1/\ 
o lttI+++H:H+l+H++-Iurt+" v----i 

-1 V 

-2 
-3 L--_ _ ___ -.J 

20 25 30 35 40 
Time,s 
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Checkout of the Mini-Mast 
system is now complete and well­
documented for future use by 
researchers from government, 
industry, and academia. 
(D. Ghosh , 46616, and 
R . C. M ontgomer y) 

Simulation 
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Controls-Structu res 
Interaction Ground Test 
Methodology 

Spacecraft structural behav­
ior and controller behavior can 
become interactive when the fre­
quency response of the controller 
overlaps structural resonances. 
This controls-structures inter­
action (CSI) can be detrimental 
to spacecraft performance, cost, 
and system mass. Hence, CSI 
technology is being developed to 
design and validate spacecraft 
in which the structure and con­
troller interact beneficially to 
meet the requirements of twenty­
first-century NASA missions. 

The ground test methodology 
needed to validate CSI designs 
is being studied using an evolu­
tionary model test bed shown in 
the figure. The test bed permits 
the evolution of multi-input mul­
t ioutput controllers, integrated 
structure/ controller design, and 
realistic sensor and actuator sys­
tems. The test bed structure 
consists of 77 truss bays (each 
10 in. long) and a radial-rib re­
flector. Linear acceleration and 
angular rate sensors are used 
for feedback control. Sixteen 
air jet thrusters are used to ac­
tively dampen vibrations of the 
structure and to maintain line-of­
site (LOS) pointing. The LOS 
pointing is monitored using a 
structure-mounted laser. The 
laser beam is reflected by a mir­
ror onto an inertially mounted 
photo-diode detector. 

System identification tests of 
t he init ial test bed configuration 
have recently been completed. 
The results provided insight for 
modifying the cable suspension 
system to enhance ground-based 
test simulations of t he on-orbit 
O-g environment and vibration 
behavior of Earth-observing plat-
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CSI test bed model. 

forms. The system identifica­
tion tests also identified the noise 
floor of the accelerometer and 
rate sensors. These test findings 
will strongly influence the con­
trol y tern design. Frequency 
response characteristics of the air 
jet thrusters are currently being 
measured. Subsequent to com­
pletion of finite-element model 
refinement and the thruster tests, 
the test bed will be actively con­
trolled to augment vibration 
damping and to improve LOS 
pointing. 

The ground test methodology 
developed through clo ed-loop 
testing of t he evolutionary 
model will involve algorithms 
designed to ensure sy tern safety, 
gravity compensation su pension 
modeling, and sensor/actuator 
modeling and filter design. This 
methodology will help develop 
CSI technology for future on­
orbit implementation. 
(W. K. B elvin, 44319) 
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Large-Scale Antenna 
Surface Optimization 
Tests 

Langley Research Center has 
been a leader in technology de­
velopment for large-scale mi­
crowave and millimeter wave 
antennas. In 1985, a 15-m 
hoop/column antenna that was 
designed and developed by Lang­
ley and the Harris Corporation 
was completed. This antenna was 
tested at Martin Marietta Den­
ver Corporation (NASI-178059) 
to determine its antenna pattern 
characteristics and at Langley in 
the 16-Meter Thermal-Vacuum 
Chamber to determine its vibra­
tion characteristics. One lesson 
learned from these tests is that a 
large-scale antenna will generally 
require post-deployment adjust­
ment to obtain the surface figure 
required for most microwave ap­
plications. 

Currently, testing is under way 
to evaluate a computer-controlled 
actuator y tern to adjust the 
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reflector surface roughness for the 
15-m hoop/ column antenna . One 
quadrant of this antenna was 
retrofi tted with control/actuator 
motors to allow adjustment of 
t he set of 28 rear control cords 
which , in turn, provided limited 
adjustment of the reflector 
surface. 

A computer was used to imple­
ment required adjustments to the 
control/ actuator motors, accurate 
to within 0.001 in. The system is 
employed by first using an optical 
sensor (in t his case, stereo pho­
tography) to determine the offset 
at retroeffecting targets relative 
to a best-fit paraboloid. A code 

114 

then is employed which calculates 
the optimum control cord ad­
justments necessary to optimally 
reduce the surface roughness, and 
the computer/actuator system 
adjusts the surface to the new 
positions. The cycle is repeated if 
necessary. 

In the past year , t he instal­
lation of t he control/ actuator 
system was completed and de­
bugged . A preliminary set of 
tests indicat ed t hat planarity 
of the hoop structure may have 
been limit ing optimum surface 
roughness. After reducing hoop 
planarity residuals by approxi­
mately a factor of 3, tests have 

been resumed and are still under 
way. Preliminary indications are 
that the limit in surface rough­
ness is approximately 0.060 in . 
This limit is reached in one to 
three iterations, which in concept 
could be achieved very rapidly in 
space if a suit able optical sensor 
and computer were available. 

The results of these surface 
optimization tests will be used 
as input test data for a method 
to reduce effects of surface dis­
tort ion on electromagnetic (EM) 
signals. Analytical methods will 
be used to compensate the phase 
of signals for distort ions caused 
by surface roughness. Prior 
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1S-m hoop/column antenn a with control cables in 16-Meter T hermal-
Vacuum Chamber. 1-89-08647 

Control/actuator system. L-89-08646 

ORIGINAL PAGE 
BLACK AND WHITE P+tO TOGRAPl1 

studies have shown that the ef­
fects of surface distortion can be 
greatly reduced by using multi­
ple antenna feeds . By using these 
feeds, the effective surface rough­
ness can be reduced by as much 
as one half. 
(Lyle C. Schroeder, 41832) 
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Mechanics of Materials Laboratory ___ _ 

The Mechanics of Materials 
Laboratory houses experimental 
facili ties for conducting a wide 
range of research to characterize 
the behavior of structural ma­
terials under the application of 
mechanical and thermal loads . 
Mechanics of materials research 
encompasses the study of the de­
formation characteristics of new 
materials leading to the devel­
opment of nonlinear consti tutive 
relationships and the study of 
damage mechanics leading to the 
development of strength crite-
ria and fract ure-mechanics-based 
damage tolerance cri teria. The 
facility, which opened in 1968, 
provides approximately 25, 000 ft2 

of laboratory space. T he labora­
tory area rests on a heavy-du ty 
steel-reinforced concrete floor 
with special isolation pads to 
support the high-capacity load 
frames. A high bay area, with 
a 20-ft clear height and a 7.5-
ton traveling overhead crane, 
houses 9 m ultipurpose 20-kip to 
100-kip servohy draulic systems 
for coupon testing and 3 high­
load capaci ty systems for testing 
large panels. Enclo ed laborato­
ries around the perimeter of the 
high bay area are dedicated to 
specialized research. These lab­
oratories house an additional 18 
servohydraulic testing systems, 
a scanning electron microscope, 
3 X-ray radiography system s, 13 
high-temperature creep fram es, 
3 multiparameter test facili ties, 
and 11 load frames for long-term 
environmental exposure testing. 

The 27 servohy draulic test­
ing systems are used for m ono­
tonic and cyclic loading of m ate­
rial level coupons under tension , 
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compression, combined tension­
torsion, and m echanical load-
ing at both cryogenic and ele­
vated temperatures. The load 
capacities range from 1 kip to 
100 kips. A special cryostat and 
a 100-kip load fram e allow test­
ing to approx imately - 4500 F in a 
liquid-helium environment. Liq­
uid nitrogen is also used when 
lower cryogenic temperat ures are 
not required. Combined thermal 
and m echanical loading condi­
tions can be achieved by a vari­
ety of m ethods including convec­
tion furnaces (6000 F) , induction 
heaters (2000+° F), and quartz 
lamp heaters (1500+° F). Large 
specimens and panels can be 
tested under uniaxial monotonic 
or cyclic loadings in the 300-kip 
and 400-kip test facili ties. A spe­
cial biaxial system allows for the 
testing of flat cruxiform panels 
under monotonic or cyclic in­
plane loads up to 175 kips. Two 
tension-torsion testing systems 
allow for the testing of tubular 
specimens to investigate the ef­
fects of multiaxial stre s states. 
A special multiparameter test 

facili ty allows for the simul tane­
ous testing of up to six specimens 
under combined temperature, 
cyclic m echanical loads, and par­
tial pre sures. 

The scanning electron micro­
scope is equipped with a load­
ing stage to permit examination 
of a growing fatigu e crack while 
the specimen is under load. The 
crack-tip process zone can also 
be investigated while the spec­
imen is under load. Basic frac­
ture morphology studies are also 
conducted in an environmental 
fatigu e laboratory. A vacuum 
chamber allows for the control 
of m oisture, temperature, and 
gaseous environment. Fatigue 
tests also can be conducted in 
salt water environments. In addi­
tion , nine load fram es are located 
v t'tside the building for conduct­
inL, long-term durabili ty tests 
in real atmospheric conditions. 
These hy draulic load frames are 
electronically controlled to per­
mit m echanical loadings to sim­
ulate actual vehicular mission 
profiles. While not housed in the 
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Laboratory area. 

Mechanics of Materials Labora­
tory, a central analysis laboratory 
in the Materials Division pro­
vides a full range of fractographic 
and chemical analysis support 
for postmortem evaluations of all 
test specimens. 

Evaluation of Redesigned 
SRM Field Joint Sealing 
Characteristics 

As part of the redesign of 
the Space Shuttle solid rocket 
motor (SRM) , t he field joint 
was changed to minimize the 
relative joint motion caused by 
internal motor pressurization 
during ignition. The O-ring 
and seals for the field joint were 
also redesigned to accommodate 
structural deflections and to 
promote pressure-assisted sealing. 
The sealing characteristics of 
the redesigned O-ring joint 
were evaluated in a special 

L-88-6247 

test faci lity built and housed 
in the Mechanics of Materials 
Laboratory, shown in the figure. 
This 1/ 4-scale test facility 
simulated the launch conditions 
of temperature, low-frequency 

vibrations, gap openings, and 
rapid pressurizations. The 
sealing characteristics of the 
O-ring joint were evaluated for 
the effects of temperature, gland 
surface finish , and contamination. 

Under the simulated launch 
conditions, the Viton elastomeric 
O-ring sealed the joint for tem­
peratures between 50°F and 
120°F and for all surface finishes 
between 32 Ra (roughness av­
erage) and 250 Ra. Thin-gauge 
wires with diameters ranging 
from 0.0005 in. to 0.004 in. were 
used to simulate contaminants 
from human hair and fibrous de­
bris. Wires as small as 0.001 in. 
were found to produce leaks. At 
75°F and 120°F , the leak-check 
procedure was verified as capa­
ble of detecting contaminants 
> 0.0016 in. in diameter. A 
clean-room environment has sub­
sequently been established for the 
installation of the O-ring seals. 
(Cynthia L. Lach, 43485) 

Test facility for evaluating sealing characteristics of redesigned O-ring 
joint. 1-87-03434 

Mechanics of Materials Laboratory 117 

~J 



Evaluation of 
Fracture-Critical SRM 
Components 

The fatigue crack growth and 
fracture characteristics of the 
newly designed O-ring joint leak­
check-port of the Space Shuttle 
SRM were experimentally investi­
gated in the Mechanics of Mate­
rials Laboratory. The purpose of 
this investigation was to address 
several issue considered crit ical 
to the Space Shuttle Recovery 
Program. These issues included 
fracture toughness of D6AC steel 
between - 30°F and 130°F , fa­
t igue life of t he leak-check-port , 
and cri t ical crack sizes for th is 
and other crack configurations. 
An experimental program was 
developed in which t he fatigue 
life and crit ical crack sizes were 
determined from test specimens 
of the actual component configu­
ration. A leak-check-port speci­
men is shown in the figure. 

The test results confirmed the 
damage tolerance integrity of 
the redesigned SRM. A special 
eddy-current inspection probe 
that will reliably detect cracks 
> 0.035 in. deep at the root of 
the port threads was developed 
for the leak-check-port. At this 
crack size, the fatigue life of 
the leak-check-port specimens 
was > 2000 cycles at the proof 
test load. The plane-strain 
fracture toughness of D6AC 
steel was found to be above the 
fracture toughness requirements 
for the motor at temperatures 
above approximately - 10°F. 
Furthermore, it was verified that 
linear elastic fracture mechanics 
could be reliably used to predict 
the fractur loads and crit ical 
crack sizes for a wide variety of 
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Leak-cheek-port specimen . 

crack configurations including 
corner cracks at pin-loaded holes . 
(James C. N ewman, Jr., 
43487) 

L-89-9187 
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Structures and Materials Research Laboratory 

Built in 1939 to contribute to 
the development and validation 
of aircraft structural designs dur­
ing World War II, this labora­
tory currently supports a broad 
range of structural and mate­
rials development activities for 
advanced aircraft , aerospace ve­
hicles, and space platform and 
antenna structures. Research 
conducted in this laboratory in­
cludes the development, fabri­
cation, and characterization of 
advanced materials and the de­
velopment of novel structural 
concepts. Static testing, envi­
ronmental testing, and material 
fabrication and analysis are per­
formed using the unique capabil­
i ties of this laboratory. Research 
results are directly applicable to 
the development of structures 
and materials technologies re­
quired for future advanced sub­
sonic aircraft, high-speed trans­
ports, high-performance military 
aircraft, advanced hypersonic 
and aerospace vehicles, and large 
space structures and antennas. 
Emphasis is on the development 
of structural mechanics technol­
ogy and advanced structural con­
cepts enabling the verified de­
sign of efficient, cost-effective, 
damage-tolerant advanced com­
posite airframe structural com­
ponents subjected to complex 
loading and demanding environ­
mental conditions. This research 
also emphasizes advanced space­
durable materials and structural 
designs for future large space 
systems affording significant im­
provements in performance and 
economy. 

A significant feature of the 
laboratory is its static testing 

equipment. A 1,200,000-lb­
capacity testing machine is used 
for tensile and compressive tests 
of specimens up to 6 ft wide 
by 1 ft long. Lower capacity 
testing machines of 300,000-, 
120,000-, 100,000-, and 10,000-
lb capacity also are used for 
smaller specimens. Capability 
also exists for assembling and 
testing large structural specimens 
and components such as the 
trusses used for Space Station 
Freedom development and future 
large space structures. 

This complex also houses the 
Langley Research Center state­
of-the-art analytical and met­
allurgical laboratory featuring 
all aspects of material specimen 
preparation and examination. 
Complete, automated metalla­
graphic preparation eq uipment is 
available for research on light al­
loys as well as metal matrix and 
resin matrix composites. Optical 
microscopy includes quantita­
tive image analysis in addition 
to regular microscopy. Current 

technology electron microscopy 
is available including scanning 
electron microscopy, scanning 
transmission electron microscopy, 
and electron microprobe X-ray 
analysis. 

Environmental testing for ma­
terials also is performed in this 
laboratory. Environmental ex­
posure and characterization fa­
cilities for space materials re­
search include two thermal cy­
cling chambers (±2500 F) , three 
electron irradiation chambers ca­
pable of pressures to 10-8 torr 
and energy levels to 85 ke V, and 
four laser interferometers for 
measuring coefficients of ther­
mal expansion (to 0.05 parts per 
million (p/m) strain) and sur­
face accuracy (to 0.2 f..Lm rms) for 
elements of precision space struc­
tures. A hypersonic materials 
environmental system is capable 
of continuous te t operation at 
Mach 5 to a 150,000-ft altitude 
to simulate operating conditions 
for future high-speed and hyper­
sonic aircraft. The ystem is used 
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to study the effects of environ­
m en t on the m aterials used for 
fut ure high-speed and hy personic 
aircraft applications. 

Carbon-carbon composite 
materials developm ent for ad­
vanced hypersonic vehicles also 
is conducted . Experimental test 
materials are fabricated u ing 
two high-tem perature ovens 
(130(f' F) , a vacuum/ pressure 
impregnator with capabili ty 
to 50(f' F at 300 psig, and two 
inert-atmosphere pyrolysis fur­
naces (220(f' F) . Test specimens 
are heat treated, and oxidation­
resistant coatings are applied in a 
450(f' F inert-atmo phere furn ace. 

Postbuckling of 
Composite Shear Webs 

The test specimens hown in 
the figure were te ted in t he 
Structures and Materials Lab­
oratory to quant ify the effects 
of circular cutouts on the buck­
ling, post buckling, and failure 
characteristics of composite shear 
webs. T he graphi te/ epoxy and 
graphi te/ thermoplastic shear 
webs had 12 in. by 12 in. test 
sect ions and were tested using 
a picture frame fixture. T he 
cutout diameters ranged from 
o in. to 3 in . Quasi-isotropic 24-
ply laminates were studi d. The 
graphi te/ thermoplastic specimens 
were fabricated by The Boeing 
Company. Moire interferomet ry 
was used to observe out-of-plane 
displacements , and a high-speed 
data acqui it ion system was used 
to record displacement , strain , 
and applied loads. 

T he experimental results pro­
vide useful insights to t he be­
havior of composite shear webs. 
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Shattered graphite-thermoplastic 

Cracked graphite/epoxy 

Failure mode comparison for buckled shear webs. 

The graphi te/ thermoplastic 
shear webs had approxi-
mately the same ini t ial buck-
ling mode shap es as similar 
graphi te/ epoxy shear webs. 
The graphi te/ thermoplastic 
shear webs had higher buck-
ling and failure strains and a 
different failure mode when 
compared to re ul ts for similar 
graphite/ epoxy shear webs. The 
graphite/ thermoplast ic shear 
webs were characterized by a 
shattering-type failure mode, and 
the graphi te/epoxy shear webs 
were characterized by a tearing­
type failure mode. A nonlinear 
fi ni te-element analysis is cur­
rently being conducted for com­
pari on with the exp rimental 
results . 
(Marshall R o use, 43182) 

Precision Segmented 
Reflector Support Truss 
Test Bed 

The efficient use of precision 
segmented reflectors (PSR) in 
space requires erecting them 
upon accurate suppor ting struc­
tures that will maintain reflec­
tive urface precision . Similarly, 
testing various reflector concepts 
also requires an accurate test bed 
support structure. Such an ac­
curate, doubly curved erectable 
tru s for use as a test bed in sup­
port of PSR activi t ies at the J et 
Propulsion Laboratory was de-
igned and fabricated at Langley 

Research Center. 

The result ing configuration 
contained 150 graphite/ epoxy 
struts, 300 aluminum joints, and 
45 aluminum nodes to form a 
doubly curved tetrahedral t russ 
4 m in diameter. This configu­
ration was d signed to support 
a segmented surface having a fo­
cal length of 2.4 m. The 0.77-
m to 0.92-m struts were com­
mercially manufactured with 
Langl y-provided aluminum fi t­
t ings bonded in each end to ac­
cept threaded aluminum joints. 
The root mean square (rms) 
surface accuracy achieved was 
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Assembled test bed truss suspended in Structures and Materials 
Research Laboratory to show do uble curvature. L-89-7527 

approximately 0.005 cm as de­
termined by photogrammetry. 
The assembled test bed estab­
lishes a baseline start-to-finish 
design and fabrication capabil­
ity for erectable reflector support 
structures at Langley. 
(Harold G. Bush, 43124, 
Catherine L. Herstrorn, 
Richard E. Walsorn, and 
James E. Phelps) 
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Effects of Thermal Cycling 
on Composite Tubes for 
Space Truss Structures 

Graphite-fiber-reinforced com­
posite tube will be the primary 
structural elements for Space Sta­
tion Freedom because of their low 
coefficient of thermal expansion 
(CTE) and high specific stiff­
ness. Changes in these properties 
due to prolonged orbital thermal 
cycling are significant considera­
tions in the design of these struc­
tures. A study to determine the 
effects of long-term thermal cy­
cling on representative candidate 
composite tubes has been con­
ducted. 

Three types of composite tubes 
with the same layups were se­
lected for study in this program. 
The [+15/0/±10/0- 15]s layup 
was selected to provide resis­
tance to microcracking, a CTE 
of < 1 x 10-6 in/in., and suf­
ficient hoop strength to resist 
handling damage. Two fibers (a 
high-strength, moderate modulus 
T-300 and a moderately high­
modulus P75S) were selected for 
study along with two resin sys­
tems: Fiberite 934 and American 
Cyanamid BP907. Two-mil-thick 

...;:;; 
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-0-- P751934 

---..- P75IBP907 --- T3001934 -

j i 
15 20 25 

Number of thermal cycles between ±150°F (thousand) 

Effects of thermal cycling on compression modulus of composite tube 
([+15/0/±lO/O- 15]s with 2 mil Ai foil inside diameter and outside 
diameter). 
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anodized aluminum foil was co­
cured onto the inside and outside 
of most of these t ubes to provide 
thermal control and atomic oxy­
gen protection. 

Ten-ft-Iong by 2-in. ID (inner 
diameter ) x 0.065-in. wall 
thickness tubes were fabricated 
and cut into 10-in.-long sections 
for t hermal cycling testing. A 
compressive modulus at 2000 lb 
load was used to check for 
changes in the modulus due 
to thermal cycling. Test data 
indicate that no significant 
changes in modulus occurred for 
25 ,000 thermal cycles between 
± 150°F. 
(W. S. Slemp, 41334) 

Evaluation of Stitched, 
Resin-Transfer-Molded 
Carbon/Epoxy Wing Panel 

Fabrication concepts that are 
cost effective and are also suit­
able for producing efficient com­
posite structures are being stud­
ied for application to fut ure air­
craft . Resin t ransfer molding 
(RTM) of stitched carbon fab­
rics is a promising concept for 
exploit ing the structural effi-
cit' 1CY of composite materials. 
Stitching layers of dry carbon 
fabric with closely spaced t hreads 
provide through- the-t hickness 
reinforcement and greatly im­
proves damage tolerance. The 
dry carbon preform is then fi lled 
with a low-viscosity epoxy resin 
and cured to complete fabrica­
tion . T he stitched panel (approx­
imately 2 ft wide by 2 ft long) 
shown in the figure has t hree 
blade stiffeners and has been de­
signed for a transport aircraft 
wing box with in-plane loadings 
of N x = 22 , 000 Ib / in . in com-
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Blade-stiffened carbon/ epoxy wing panel. L-89-2129 

pression and Nx y = 3000 lb / in. 
in shear. T he panel was made 
in a four-step process . First , 
the skin preform was laid up 
using dry carbon fabric plies 
and stitched with strong t hread. 
Second, the blade stringer pre­
forms were laid up and lightly 
stitched in the web areas. T hird , 
the stringer fl anges were folded 
out and stitched to the skin pre­
form with strong thread. Finally, 
the entire stitched preform was 
placed in a tool, fi lled using an 
inexpensive epoxy resin , and 
cured at 350°F . For compres­
sion testing at Langley Research 
Center, t he panel ends were pot­
ted in metal frames and ground 
flat , and then numerous strain 
gauges were attached. The panel 
was subj ected to low-speed im­
pact damage at a crit ical location 
opposite the edge of one center 
stiffener fl ange. P anel failure oc­
curred at 157 percent of design 
ul timate load. These test results 
indicate that stitching provided 
excellent damage tolerance and 
that the RTM process can be 

used to fabr icate usable heav­
ily loaded carbon/ epoxy aircraft 
structures. 
(M. B. Dow, 43090) 

Improved Performance of 
Titanium Alloys by 
Thermal Control Coatings 

Titanium alloys are candi-
date materials for hot structures 
and heat shields of hypersonic 
vehicles because of their high 
structur al efficiency. However , 
the range of condit ions in which 
t hey can be used may be lim­
ited by their reactivity to oxygen 
and loss in mechanical proper­
t ies at high temperatures. Pro­
tective t hermal control coatings 
that shield the materials from 
oxidation will enable their use 
at higher temperatures. Fur­
ther , coatings that provide a high 
emittance and low-catalytic ef­
ficiency surface can significant ly 
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Coatings that provide high emittance and low-catalysis surfaces for 
titanium-aluminide alloys. 

extend the applicability of these 
materials by reducing the net 
heating to the vehicle surfaces in 
hypersonic fl ight environments 
that contain dissociated species. 
The low-catalytic efficiency re­
duces heat input from recombina­
tion of dissociated species in t he 
environment, and the high emit-

tance rejects a significant portion 
of the convective heat flux from 
the surface by radiation. 

A coating development pro­
gram has produced a lightweight 
coating that significantly re­
duces the surface temperature 
of t itanium-aluminide alloys 

tested under simulated hyper­
sonic flight conditions. Coat­
ings are tested in the Hyper­
sonic Materials Environmental 
Test System (HYMETS Facility), 
which is a 100-kW arc-heated 
wind tunnel capable of testing 
2.5-cm-diameter specimens in 
a stagnation configuration at a 
Mach number of 3.5 to 4 with 
surface temperatures to 1650°C 
(3000°F) . The catalytic efficiency 
of coatings is determined from 
aerothermal heating analysis of 
specimens during HYMETS ex­
posure. The emittance of coat­
ings is determined before and 
after HYMETS exposure using 
a room-temperature spectral re­
flectance apparatus. 

The figure shows emittance 
and catalysis data for a variety of 
coatings on titanium-aluminide 
alloys: Al203 and A1203-Si02 
applied by sol-gel, AI-Si glass 
applied as a slurry, Sermal-
loy W, and AI-SiBx applied by 
either a three-step physical­
vapor-deposition/solution-
spray / chemical-vapor-deposition 
process or by a two-step physical­
vapor-deposition/ chemical-vapor­
deposition process. The emit­
tance of uncoated alloys after 
testing is significantly higher 
than before testing because of 
the heavy oxidation during ex­
posure to the HYMETS environ­
ment. The Sermalloy W coated 
specimen had a lower emittance 
than the remaining coatings. The 
catalytic efficiency of each of 
the coatings is somewhat lower 
than the catalytic efficiency of 
the uncoated alloys. The lowest 
catalytic efficiencies measured 
were for the AI-SiBx. The AI­
SiBx coating is being developed 
by Lockheed Missiles and Space 
Corporation under contract to 

ASA. 
(R. K. C lark , 43513) 
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CETA Structural 
Verification Test 

The Crew and Equipment 
Translation Aid (CETA) flight 
experiment will fly on the STS-37 
Gamma Ray Observatory Mis­
sion in the mid-1990 time frame. 
In order to satisfy the pay load 
verification requirements of the 
National Space Transportation 
System (NSTS) 14046 docu­
ment , Payload Verification Re­
quirements, a certification hard­
ware assembly must be struc­
turally tested to demonstrate the 
minimum required safety factor 
of 1.4. A test-verified payload 
structural dynamic math model 
must be provided for a Space 
Transportation System (STS) 
coupled load analysis; there-
fore, the mode frequencies and 
shapes must be determined from 
a modal survey of the certifica­
tion assembly. 

The figure shows the CETA 
hardware launch configuration 
mounted to a backstop during 
the modal survey. This config­
ura tion includes two rail sec­
tions and one outrigger (each 
approximately 24 ft long), one 
truck/cart , and one tether shut­
tle assembly. Also shown is the 
random input shaker attached 
to the fixed track. All mode 
shapes and frequencies below 
35 Hz were determined . Design 
limit loads for launch and land­
ing are 15 9 in three axes . Or­
bit loads are 187 lb for handrails 
and 200 Ib / 200 ft·lb tether loads 
to the cart . T he deployed track 
with the truck/cart/tether shut­
tle assembled was tested to a 
21 9 load by statically load-
ing the rail with lead shot bags 
and concentrated loads at the 
truck/tether shuttle. Because 
gravity loading was utilized , the 
assembly had to be mounted to 
the backstop via rigid adapter 
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CETA hardware launch configuration . 

blocks to provide gravity loads in 
multiple directions. Ground sup­
port equipment (GSE) support 
hardware provided the handrail 
loads for the track and outrigger 
as well as the orbit loads to the 
cart. 

Te ting was completed without 
component failure or permanent 
deformation of the certification 
flight hardware. 
(Richard W. Faison, 47083) 

L-89-14051 
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NDE Research Laboratory 

The reliability and safety of 
materials and structures are of 
paramount importance to NASA . 
The assurance of reliabili ty 
must be based on a quantitative 
m easurement science capability 
that is nondestructive. The 
Langley Research Center NDE 
R esearch Laboratory has as its 
prime focus the development of 
new measurement technologies 
that can be directly applied 
to ensuring material integrity. 
Furthermore, the laboratory 
activity is strongly directed 
toward developing physical 
properties required for structural 
performance. 

A new facili ty has been con­
structed which added 16,000 ft2 
of laboratory space to the ex­
isting nondestructive evaluation 
(NDE) research area. This new 
facility was furnish ed and occu­
pied in January 1989 and will 
allow for some expansion of NDE 
efforts over the coming years. 

The NDE Research Laboratory 
is a combination of research fa­
cilities providing advanced NDE 
capabilities for NASA and is an 
important resource for govern­
ment and industry technology 
transfer. The laboratory is the 
Agency's focal point for NDE 
and combines basic research with 
technology development and 
transfer. The activity concen­
trates on NDE materials mea­
surem ent science for compos-
ites and metals with emphasis 
in materials characterization as 
well as impact damage, fa tigue, 
applied and residual stress, and 
structural NDE with smart sen­
sors/ materials. A particular new 

focus highlights NDE require­
ments for Space Station Freedom 
on-orbit NDE and national prob­
lems of aging aircraft. 

The facility is a state-of-the­
science measurem ent laboratory 
linking 16 separate operations to 
a central computer consisting of 
a VAX-750 with 10 megabytes 
of internal memory and more 
than 500 m egabytes of fast 
storage tied to staff desktop 
microcomputers. Th e system 
interfaces with a real-time video 
input-output so that NDE images 
can be obtained, processed, and 
analyzed on-line. Th e m ajor 
laboratory operations include a 
55-kip and a 100-kip load system 
for stress/fatigue NDE research, 
a magnetics laboratory for 
residual stress, three computer­
controlled ultrasonic scanners for 
imaging material properties, a 
technology transfer laboratory, 
an electromagnetic impedance 
characterization laboratory for 
composite fib er integrity, and 
a composite cure monitoring 
laboratory for process control 
sensor development. Other major 
laboratory operations include a 
nonlinear acoustics laboratory 

for advanced NDE research , a 
laser modulation applications 
laboratory for remote sensing 
and smart materials, a pressure 
and temperature derivative 
laboratory for higher order 
elastic constant measurements, 
a thermal NDE laboratory, and 
a signal processing laboratory for 
improved image resolu tion and 
information transfer. An X-ray 
tomography system is under 
construction to provide the first 
view of material or structural 
failure under load and will be on­
line in 1990. 

Scanning Electron 
Acoustic Microscopy 

The capability to assess mi­
crostructural features of ma­
terials is important not only in 
fundamental studies of material 
properties but also in identify­
ing those microstructural fea­
tures that most directly influence 
nondestruct~ve measurements. 
Traditionally, the primary tools 
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for microstructural studies have 
been optical and electron micro­
scopes. Except for transmission 
microscopes, which require exten­
sive and often elaborate specimen 
preparation, most microstruc­
t ural images are topographical. 
Thus, while the images reveal im­
portant surface features, they 
are generally incapable of re­
vealing significant subsurface 
information. During the last 
decade, a number of novel micro­
scopic imaging techniques have 
been developed; these techniques 
provide new information about 
materials which was previously 
unattainable in microscopic im­
ages . Among the more significant 
of the e new microscopies is scan­
ning el ctron acoustic microscopy 
(SEAM). 

SEAM is based on a modifi­
cation of t raditional scanning 
electron microscopy (SEM) in 
that the electron beam, normally 
continuous in SEM, is chopped 
or modulated in SEAM at some 
frequency ranging from roughly 
20 kHz to 5 MHz. Upon pen­
etrating the specimen surface, 
the chopped electron beam loses 
its energy in a series of random 
atomic collis ion processes. Part 
of the electron energy loss re­
sults in the generation of acoustic 
waves having a frequency equal 
to that of the beam chopping 
frequency. The acoustic signal 
propagates t hrough the specimen 
and is detected by a piezoelectric 
transducer attached to the oppo­
site side of the specimen. As the 
electron beam rasters the speci­
men surface, an electron-acoustic 
image is generated and displayed 
on a phosphored screen. 

Extensi ve three-dimensional 
theoretical modeling of the 
electron-acoust ic signal gener­
at ion process reveals that the 
microscopic image contrast de-
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(a) (b) 
Micrographs of alumina. Panel (a) shows SEM secondary electron , and 
panel (b) shows SEAM at a chopping frequency of 305.43 kHz. 

pends upon the local variations 
in the thermal and elastic prop­
erties of the specimen as well as 
local variations in the electron 
attenuat ion coefficient. Subsur­
face as well as surface features 
can be imaged with a spatial res­
olution of less than 1 /-Lm under 
optimum condit ions. The imag­
ing capability is illustrated in 
the figure where t he ame area 
of an alumina specimen is exam­
ined both by SEM (panel (a)) 
and SEAM (panel (b)) . The 
SEM micrograph clearly hows 
a surface-breaking crack. The 
SEAM micrograph, however, 
reveals not only the surface­
breaking crack but also a subsur­
face crack at right angles to the 
surface-breaking one. The ba-
sic features of the SEAM image 
shown in the figure are predicted 
by the mathematical model. Fur­
ther applications and modeling 
of the SEAM signal generation 
on a variety of materials are in 
progress. 
(J . H . Cantre ll , 44989) 

Evaluation of Aerospace 
Structural Adhesive Joints 
Using Ultrasonic 
Techniques 

The reliability of bonded joints 
in critical structures goes well 
beyond the need to be able to 
quickly and reliably determine 
disbond . Quantitative evalua­
tion of bonded joint strength is 
also of high importance to the 
safety / reliability and cost effec­
tiveness of aerospace systems. 
One of the more perplexing issues 
i the evaluation procedures of 
bonded joints for reliability and 
characteristic strength . Though 
significant advances in the state 
of the art of ul t rasonic inspection 
of adhesive bond lines have been 
made, much work still remains in 
order to develop a complete bond 
fl aw prediction algorithm. 

During the past year research 
effor ts were investigated using a 
quadrature phase detection tech­
nique to monitor the ampli tude 
and phase of a toneburst ultra­
sonic wave, reflected from an ad­
hesively bonded steel/ rubber in­
terface that simulates the solid 
rocket motor (SRM). A t heo­
ret ical model of t he interface is 
shown in the first figure and is 
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used to calculate sound wave 
propagation in a multilayered 
elastic medium. A bond quality 
parameter deduced from exper­
imental data is correlated with 
tensile strength. Results of the 
data in the second figure show 
the structural strength variations 
to be correlated with strength. 

The application of this tech­
nique to bond line evaluations 
has been shown to add signifi­
cantly to a body of knowledge 
in this critical and important 

area. Continued efforts will be 
maintained for the development 
of experimental and theoretical 
models to help enhance ASA's 
ability for future applications to 
bond line problems. 
(A. Smith, 44961) 

Evaluation of Acoustic 
Emission Signals in GriEp 
Space Station Freedom 
Truss Tubes 

Graphite/epoxy composite 
materials, because of their high 
strength and light weight, have 
been chosen as the material for 
the Space Station Freedom (SSF) 
truss structure. However, during 
the 3D-year expected life of SSF, 
these tubes will be exposed to 
an extremely harsh environment 
that will include large tempera­
ture variations, hypervelocity mi­
crometeroid impacts, and atomic 
oxygen attack, in addition to the 
normal operating stresses of the 
structure itself. Thus, for t he 
safety of SSF and its inhabitants, 
it will be important to nonde­
structively monitor the integrity 
of these tubes. 

One proposed method for 
doing this is by the use of the 
acoustic emission (AE) technique. 
This technique places acoustic 
sensors on the structure to detect 
noise from impact damage and 
the propagation of cracks. This 
technique has several advantages 
in that it allows the monitoring 
of a large area, requires no 
extravehicular activity by the 
astronauts, and can yield the 
location of damage. However, 
current state-of-the-art AE 
leaves much to be desired in 
quantifying the amount of 
damage which will be important 
for this application. To avoid 
unnecessary extravehicular 
activity for maintenance, it will 
be necessary to know the amount 
of damage in a particular t ube. 

One problem with current AE 
techniques is the use of narrow­
band acoustic sensors. These sen­
sors mask the true characteris­
tics of the acoustic signal and 
thus limit information available 

NDE Research Laboratory 127 



10 

0 - - Broadband sensor 
-- --.-.- - Narrowband sensor 

iii' 
:2-

-10 

Q) 
'0 -20 
~ 
i5.. 
E 

oCt 

-40 

-50 
O.Oe+O 5.0e+5 1.0e+6 

Frequency (Hz) 

Frequency response of broadband and narrowband AE sensors for 
simulated AE event on Space Station Freedom truss tube. 

Pu\\fudmg :: :: Composite ~ I 

B 
1- = ·= ·1 
I I 

:: :: 

stream of composite parts by 
curing in a short heated die. 
However, t he pultrusion process 
current ly lacks instrumentation 
that is capable of continuously 
monitoring the integrity of the 
composite during processing. 
Postprocessing inspection of the 
composite is time consuming, 
and the time delay in feedback 
to the pultruder could result in 
the fabrication of large quantities 
of defective materia l. Currently, 
on-line quality control is left to 
the eyes and experience of the 
operator to ensure a continuous 
quality product. 

r Acoustic Transducers 
~ Pultrusion Die 

=t= :: = I 

VHF Switch 
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concerning damage. Current re­
search involves character izing 
newly developed broader band 
sensors that may make damage 
assessment more accurate. The 
figure compares the frequency re­
sponse of a conventional acoustic 
emission narrowband sensor to 
that of a new class of broadband 
'ensors for a simulated acoustic 
emission event created by a lead 
pencil break on a full-scale Space 
Station Freedom tube. The plot 
shows that a l though the sensors 
have similar amplitude responses 
for the lower frequencies , the nar­
rowband sensor loses significant 
information at the higher fre­
quencies. This high-frequency 
information is important in con­
structing the t ime characteristics 
of the source which yield infor­
mation concerning the type and 
quantity of damage. 

Ultrasonic instrumentation of pultrusion die. 

(W. H. Prosser, 44960) 

Ultrasonic Monitoring of 
Pultrusion Process 

Pultrusion is an attractive 
technique for quick, inexpensive 
production of a continuous 
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A nondestructive measurement 
technique that is well suited for 
quality control in the pultrusion 
process is ultrasonics inspection; 
it is a nonintrusive technique 
that can be used to continuously 
monitor properties of the com­
posite as it is being pultruded. 
Ultrasonics inspection is partic­
ularly well suited for monitoring 
the pul trusion process because 
ultrasonic properties have been 
shown to vary during composite 
cure and to be related to resin 
visco ity and the degree of cure. 

To measure the ultrasonic 
properties of the composite as 
it moves through the die, several 
pairs of high-temperature ultra­
sonic transducers are mounted 
at a series of positions on oppo­
site sides of the die (as shown in 
the first figure). The transducers 
act as both timuli and sensors 
for characterizing the acoustic 
response of the system. By ac­
tivating different pairs of trans­
ducers, the measurement system 
continuously scans the ultrasonic 
properties along the die during 
the cure. 

This method provides a means 
for continuou and nonintrusive 
measurements of a pultruding 
composite at select positions 
along the pultrusion die. The 
second figure shows a spatial rep­
resentation of the acoustically d -
termined change in cure state as 
the resin moves through the die. 
Because these ultrasonic mea­
surements are related to the im­
portant processing parameters of 
viscosity and degree of cure, ul­
trasonic monitoring of the pultru­
sion process has potential as an 
input into a quality control feed­
back loop, therefore enhancing 
quality control of the pultrusion 
process. 
(F . R aymond Parker, 44965) 

Thermographic Detection 
of Disbonds in Aging 
Aircraft 

The detection of the degrada­
tion of bonding in lap joints of 
aging aircraft is essential to en­
sure their safety and reliability. 
Thermographic techniques hav a 
possible application to detect the 
degradation of bonding in such 
structures. The thermographic 

1.004 

Sample with no disband. 

• 

0.9805 

Sample with disbond. 

techniques are particularly use­
ful because they are able to scan 
large areas in a short period of 
time. They also require no cou­
plant because the object may be 
both heated radiometrically and 
the subsequent temperature pro­
files measured radiometrically. 
For these reasons, thermographic 
techniques are both quick and 
easy to use. 

Research performed at Langley 
Research Center has shown it is 

1.323 

1.152 
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possible to detect the disbonds in 
sample typical of the structures 
found in aging aircraft. This 
technique uses quartz lamps to 
radiometrically heat the structure 
and an infrared camera to mea­
sure the resulting temperature 
profile. A comparison of the 
temperature profiles during and 
after the heating gives a clear im­
age of the extent of the bonding 
in the structure. The first figure 
shows a thermographic image of 
a region of the structure where 
the bonding of a subsurface tear 
strap is still present . In contrast, 
the second figure is a thermo­
graphic image of a region of the 
structure where the tear strap is 
unbonded . The time required for 
data acquisition for this case was 
15 s. Similar tests have shown it 
is possible to image simultane­
ously with reasonable re olu t ion 
areas up to 1 m2 

(W. W infree, 44963) 

Smart Materials and 
Structures 

Materials with internal sensors 
are being developed for "healt h 
monitoring" of structures during 
use. The smart structures labo­
ratory i focusing on techniques 
that take advantage of the unique 
propert ies of fib er optic sensors. 
These sensors are lightweight and 
highly ensitive, have wide band­
width, and a re immune to elec­
t romagnetic interference. 

Several methods for interro­
gating the fiber sensor are under 
invest igat ion. Reported here are 
some resul ts t hat were obtained 
with a fiber optic strain and vi­
bration sensor that indicates the 
degree of strain by interference 
effects of two or three modes 
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propagating in a fib er (a modal 
domain sensor). The light exiting 
the end of t he fiber is detected , 
and the intensity indicates the 
strain in the fiber. 

The resul ts shown in the fig­
ure compare t h signals from an 
optical fiber and a strain gauge 
(STG 3) attached to a cant ilever 
beam. The beam is a model de­
veloped for control experiments 
simulating Space Station Free­
dom vibrational frequencies. The 
beam is instrumented with three 
train gauges and a ingle fiber 

running nearly t he full length of 
the beam. Because the fiber is 
a distributed sensor , which inte­
grates the strain over t he fiber 
length , it does not have the lim­
itat ions of point sensors. The 
figure indicates that a single fiber 
ensor can track all t he vibra­

t ional modes, whereas for certain 
modes, one or more strain gauges 
may be at a node producing no 
signal. 

The program for smart struc­
tures development includ s re­
search on sensors for strain , tem­
perature, acoustic emission, im­
pact damage assessment , and ag-

ing and corrosion of composite 
materials and structures . 
(R ob e r t S . R ogowski , 44990) 
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Vehicle Antenna Test Facil ity _____ _ 

The Vehicle Antenna Test 
Facility (VATF) is a research 
facility used to obtain data for 
new antenna performance and 
electromagnetic scattering data 
in support of various research 
programs. The VATF consists 
of two indoor radio frequency 
anechoic test chambers and an 
outdoor antenna range system. 
The anechoic chambers provide 
simulated free-space condi tions 
for m easurem ents from 100 MHz 
to >40 GHz. The anechoic 
chambers, which are shaped 
like pyramidal horns to reduce 
specular reflections of the walls, 
are more than 100 ft long and 
have test area cross sections 
approximately 30 ft by 30 ft. 

A spherical near-field (SNF) 
m easurem ent capability was 
added to the low-frequency ane­
choic chamber. A precision an­
tenna positioning system, an an­
tenna source tower, and an opti­
cal alignment system designed for 
SNF measuremen ts were installed 
in the low-frequency anechoic 
chamber, and the capability now 
exists for automatic performance 
of precision SNF measurements 
up to at least 18 GHz. Antennas 
with diameters up to 12 ft can be 
m easured if their electrical size is 
no greater than 100 wavelengths 
(i.e., diameter/ wavelength ~ 100). 
This limitation is imposed by 
the SNF system software, which 
transforms the near-field data to 
obtain the desired far-fi eld data. 
Measured data stored on disk can 
be processed to provide antenna 
directivity, polar or rectangular 
plots of the radiation patterns, 
and three-dimensional contour 

Spherical near-field equipment. L-85-2143 
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plots of the antenna radiation 
characteristics. 

The high-frequency anechoic 
chamber was used to establish 
a Compac t Range Facility. Th e 
compact range is an electromag­
netic m easurem ent system used 
to simulate a plane wave illumi­
nating an an tenna or scattering 
body. Th e plane wave is neces­
sary to represent the actual use 
of the antenna or scattering from 
a targe t in a real-world sit uation. 
The compact range utilizes an 
offset-fed parabolic reflector to 
create the simulated plane wave 
test conditions. The standard 
commercially available compact 
range is limited to the measure­
m ent of an tennas or m odels wi th 
m aximum dim ensions of 4 it over 
the frequency range of 4 GHz to 
100 GHz. 

Th e ou tdoor antenna range 
system is available for use when 
the antenna or test m odel size 
or frequency precludes the use 
of the anechoic chambers. The 
outdoor range consists of two 
rem ote transmi tting towers that 
are spaced 150 ft and 350 ft from 
the test posi tioner m ounted on 
the VATF roof. The VATF has 
several electronic laboratories 
with the extensive m easurem ent 
capabili ty needed to support the 
design of unique antennas prior 
to their evaluation in the antenna 
chambers or on the outdoor 
antenna range system . 

Space Station Freedom 
Antenna Pattern 
Measurements 

Antenna pattern measure­
ments were made at 60 GHz in 
the Compact Range Facility for 

132 

both broad and narrow beam an­
tennas mounted on a precision 
1/ 30-scale model of t he middle 
section of Space Station Freedom 
(shown in the fi rst figure) . This 
testing of the 1/30-scale model 
at 60 GHz simulates a 2-GHz 
frequency on the full- scale Free­
dom station. The measurement 
objective was to obtain experi-

mental data that could be used 
for verification of analytical re­
sults obtained with a recently 
developed computer program. 
The computer program, the Nu­
merical Electromagnetic Code­
Basic Scattering Code (NEC­
BSC, Version 1), was used to 
calculate the far-field radiation 
patterns for a broad beam slot 

1/30-scale model of 

00 

1800 

Measured Pattern 

Space Station Freedom 
used in chamber 

270 0 -1--+---+-+ -"-F-+---=!===-+ 2700 

1800 

Calculated Pattern 

Predicted and measured antenna pat terns for Space Station Freedom 
model. 

Space Station Freedom model during tes ting in Compact R ange Facili ty. 
L-89-06235 

Langley A erospace Test Highlights- 1989 

ORIl:i NAL P,f,GE 
BLACK AND WHITE PHOTOGRAP~' 



antenna mounted on Space Sta­
tion Freedom as shown in the 
second figure. Excellent agree­
ment was obtained between the 
calculated and measured princi­
pal E-plane patterns as shown. 
Several other model configura­
tions and antenna orientations 
were evaluated. Excellent agree­
ment also was achieved between 
measured and calculated results , 
thus providing further verification 
of the capability of the computer 
program for predicting antenna 
performance on large complex 
Space Station Freedom configu­
rations. The computer program 
has the capability to predict both 
near- and far-field antenna per­
formance for a wide range of an­
tenna types . 
(Melv in C . G ilreath, 41817, 
and Emedio M. Bracalente) 

Communication Antenna 
Pattern Measurements on 
Aeroassist Flight 
Experiment 

The O.4-scale Aeroassist Flight 
Experiment (AFE) model (shown 
in the firs t figure) was used 
to predict antenna radiation 
patterns for many configurations 
and verify pattern prediction 
computer codes written at 
Ohio State University (OSU). 
The antennas will be used to 
establish communications with 
the Tracking and Data Relay 
Satellite System (TDRSS) 
during the actual AFE launch 
in t he mid-1990's. Patterns 
were made using a circularly 
polarized microstrip patch 
near the scaled frequency of 
operation for TDRSS S-band 
communications. 

ORIG'NAL P/.GE 
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O.4-scale model of AFE in anechoic chamber. 1-89-3055 
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Single-elem ent volumetric coverage on AFE heat shield near X axis. 

Two major tradeoffs were con­
sidered in choosing an appropri­
ate configuration; these tradeoffs 
include a high-gain system re­
quiring single antenna elements 
and a switching network, or a 
low-gain system using an ar-
ray for broad coverage. A lower 
transmit power level i needed 
for the high-gain system, but it 
needs accurate and t imely witch­
ing to remain in contact with 

the TDRSS. Constraints in the 
power link budget led officials at 
Marshall Space Flight Center to 
choose a three-element switching 
network. 

Volumetric pattern tests 
of the three prime candidate 
locations and other locations of 
interest were made in the low­
frequency anechoic chamber at 
two orthogonal polarizations. 
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Antenna elem ent location on AFE spacecraft. 

The second figure shows the 
volumetric coverage of a single 
element located on the heat 
shield near the X axis as shown 
in the t hird figure. The transmit 
polarization is pal'all I to the Y 
axis , with the micro trip element 
in the receive mode (as can be 
seen in the second figure). Nearly 
uniform coverage can be seen 
ou t to e = 70°, symmetric 
wi th respect to cp , where e and 
cp are the pitch and roll angles , 
respectively. Results show that 
coverage of at least 3 dB is 
obtainable everywhere outside 
of a 90° cone around the solid 
rocket motor plume. 

Results of the comparison 
between the OSU code-predicted 
patterns and the measured 
patterns were presented at 
an IEEE conference in May 
1990. Future measurements 
must be made with actual heat 
shield t iles to determine t heir 
effect on radiat ion patterns and 
impedance. 
(Erik Vede ler, 41825) 
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Impact Dynamics Research Facility ___ _ 

This facility, which was orig­
inally used by the astronauts 
during the Apollo Program for 
simulation of lunar landings, has 
been modified to simulate crashes 
of full-scale aircraft under con­
trolled conditions. The aircraft 
are swung by cables, pendulum­
style, into the concrete impact 
runway from an A-frame struc­
ture approximately 400 ft long 
and 230 ft high. The impact run­
way can be modified to simulate 
other ground crash environments, 
such as packed dirt, to meet a 
specific test requirement. 

Each aircraft is suspended 
by swing cables from two pivot 
points 217 ft off the ground. It 
is then pulled back along an 
arc to a predetermined height 
by a pullback cable from a 
movable bridge on top of the 
A-frame, released from the 
pullback cable, and allowed to 
swing, pendulum-style, into 
the ground. An instant before 
impact, the swing cables are 
separated from the aircraft by 
pyrotechnics. The length of 
the swing cables regulates the 
aircraft impact angle from Cf 
(level) to approximately 6Cf. 
Impact velocity can be varied to 
approximately 65 mph (governed 
by the pullback height) and 
to 90 mph with rocket assist. 
Variations of aircraft pitch, roll, 
and yaw can be obtained by 
changes in the aircraft suspension 
harness attached to the swing 
cables. On board instrumentation 
data are obtained through an 
umbilical cable attached to the 
top of the A-frame. Data are 
transmitted by hard wire to the 
control room at the base of the 

A-frame. Photographic data are 
obtained by onboard cameras, 
ground-moun ted cameras, and 
cameras mounted on top of 
the A-frame. The maximum 
allowable weight of the aircraft 
is 30,000 lb. 

Analytical Prediction 
Correlation With 
Large-Deflection Static 
Failures 

As part of a research study 
to determine the effectiveness of 
scale model testing in studying 
the energy absorption and 
dynamic response capabilities of 
aircraft subcomponents subjected 
to impact or crash-type loads 
a combined experimental and 
analytical program has been 
developed to investigate scaling 
effects on the large-deflection 

response and failure behavior of 
graphite/epoxy composite beams. 

Static tests were conducted 
on several scale model beams of 
AS4/3502 graphite/epoxy com­
posite material having unidirec­
tional, angle-ply, cross-ply, and 
quasi-isotropic laminate stack­
ing sequences. The beams were 
tested under an eccentric ax­
ialload to failure by using the 
loading mechanism shown in the 
sketch in the figure. This test­
ing arrangement produces large 
bending deformations and global 
failure of the beam away from 
the hinged end support. To cor­
relate with the experimental re­
sults and to assist in providing 
a fundamental understanding of 
the loading and failure mecha­
nisms, two methods of analysis 
were used. One method was a 
one-dimensional large rotation 
"elastica" -type beam solution 
that incorporated th exact ex­
pression relating moment and 
curvature, thus allowing the solu-
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tion to predict the large-rotation 
responses of composite beams. 
The other method was a nonlin­
ear finite-element structural anal­
ysis code applicable to composite 
beam-column structures. 

The illust rat ive normalized 
loads (the ratios of applied loads 
to Euler buckling loads) versus 
normalized displacements (the 
rat ios of end deformations to 
the length of test specimens) 

Experimental Verification 
of Unidirectional 
Composite Beam Scaling 

As part of a research program 
to determine the effectiveness 
of utilizing resul ts obtained by 
u ing scale model to predict 
the dynamic large-deflection 
response and failure of full- size 
composite beams subjected to 

impact loads , a series of tests 
have been conducted using 1/ 2- , 
2/ 3- , 3/4-, 5/ 6- , and full- scale 
(prototype) replica model beams 
of AS4/ 3502 graphite/epoxy 
composite material. Beams 
having unidirectional , angle-ply, 
cross-ply, and quasi-isotropic 
layups were tested under an 
eccentric axial compressive 
load to failure. The load was 
applied impulsively by a free­
falling weight using the drop 
tower illustrated in the figure. 
Thi testing configuration was 
chosen because it promotes large 
bending deformations and global 
beam failures that are typical of 
the loading environment seen by 
aircraft structures during a crash. 

Some illustrative results for 
the 1/ 2-scale and full-scale 
unidirectional test specimens 
are shown in the figure as the 
variation of load in thousands 
of pounds with time. Impact 
conditions for each test were 
scaled according to a scale law 
derived for the experiments. 

for the 1/ 6-scale and full- scale 
quasi-isotropic laminate beams 
are shown in the figure with the 
predictions obtained by using 
the two analysis methods. ote 
the good agreement between 

/~ 
~ Steel rods 

th experimental and analytical 
results. During the study, it 
was learned that to obtain the 
agreement (as shown in the 
figure) between theory and 
experiment , it was necessary 
to actually measure the beam 
bending stiffness rather than rely 
on classical lamination theory 
prediction using propert ies of 
the AS4/ 3502 system determined 
from material characterization 
tests. 
(K aren E . Jackson and 
Edwin L. Fasan e lla, 44147) 
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Failure of the beams occurred 
by fiber fracture at the beam 
midpoint , which is the location 
of maximum moment, and by 
longitudinal splitting. Both the 
1/2-scale and full-scale beams 
exhibited this failure mode, 
thus indicating that failure 
mechanisms are not a function 
of specimen size. A comparison 
of the two dynamic response 
t ime histories shown in the 
figure indicates that the 1/ 2-
scale beam results can be used to 
accurately predict t he peak load, 
pulse duration, and sustained 
load of the full-scale beam. In 
general , all the unidirectional 
scaled model beams provided 
an excellent comparison with 
the prototype when scaled to 
full-scale values by using the 
appropriate scaling law. 

Tests such as these are an 
important first step in ensuring 
that relatively inexpensive 
model tests can be used with 
confidence to predict impact 
response characteristics of full­
size structures. 
(Karen E. Jackson, 44147) 
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Aircraft Landing Dynamics Facility _ __ _ 

In 1985, Langley R esearch 
Center updated the landing loads 
track to the Aircraft Landing 
Dy namics Facili ty (ALDF) to 
improve the capabili ty for low­
cost testing of wheels, tires, and 
advanced landing system s. Th e 
main features of the updated 
facili ty are the propulsion sys­
tem, the arresting gear system , 
the high-speed carriage, and 
the track extension. In 1988, 
the capabili ty of A LDF was en­
hanced by the addi tion of a Rain 
Simulation System (RSS). The 
ALDF-RSS is a 500-ft-long, 44-
ft-wide overhead distribu tion 
system comprised of three par­
allel 10-in. -diam eter irrigation 
pipes aligned lengthwise along 
the track and supported every 
100 ft at a height of 42 ft above 
the track. T he RSS can be con­
figured with as m any as 1590 
nozzles and can simulate rainfall 
intensities as high as 40 in/ hr. 

The A LDF uses a high­
pressure water jet system to pro­
pel the test carriage along the 
2800-ft track. The propulsion 
s\·stem consists of an L-shaped 
~csscl that holds 28,000 gal of 
water pressurized to 3150 lb/ in2 

by an air supply system . A timed 
quick-opening shu tter valve is 
mounted on the end of the "L" 
vessel and releases a high-energy 
water jet, which catapults the 
carriage to the desired speed. 
Th e propulsion system produces 
a thrust of 2 x 1cf3 lb force, 
which is capable of accelera ting 
the 108,550-lb tes t carriage to 
220 knots wi thin 400 ft . This 
thrust creates a peak accelera­
tion of approximately 20 g. Th e 
carriage coasts through the 1800-
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ft test section and decelerates 
to a veloci ty of 1 75 knots or 
less when it in tercep ts the five 
arresting cables that span the 
track at the end of the test 
section. Th e arresting system 
brings the test carriage to a stop 
in 600 ft or less . Essentially any 
landing gear can be moun ted on 
the test carriage, including those 
exhibiting new concep ts, and 
any runway surface and weather 
condition can be duplicated on 
the track. 

Sin ce 1985, A LDF has been 
extensively used to evaluate the 
fri ction and wear characteristics 
of the Space Shu ttle orbiter 
main- and nose-gear tires, defin e 
modi fications to the runway 
at the John F. K ennedy Space 
Center Shu t tle Landing Facili ty, 
and dem onstrate the abili ty of 
the orbiter to afely complete a 
landing following tire and wheel 
failures. During 1989, ini tial 
testing was completed on the 
Radial T ire Program and the 
Heavy Rain Simulation Program. 

A utomated W etness System 

Wi th the implementation of 
the joint NASA/FAA R adial Tire 
Program on A LDF, facili ty op­
eration time is in great dem and. 
The test schedule for ALDF is 
completely filled over the next 
5 years, and considerable back­
log of research programs for the 
facili ty exists. Consequen tly, it 
is very desirable to improve the 
operational effi ciency of the facil­
ity. One improvemen t that has 
been made is the installation of 
a test runway wetting system 
using 45 sprinkler heads to wet 
the entire 1800-ft length of the 
runway. T his system is shown in 
the fig ure. T he newly installed 
runway wetting system not only 
reduces the time needed to set 
up for wet-run way tests and to 
m ain tain a wet runway test un­
der hot day conditions, but also 
provides for better test data be­
cause it main tains a m ore con­
sisten t wetness condition (i .e., 
water dep th) than the old m an-
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Wetting system components. 

ual system. This same wetting 
system can be used in combi­
nation with a system of rubber 
dams to maintain a flooded run­
way test condition. This ALDF 
modification will greatly enhance 
the productivity of this unique 
national facility and significantly 

accelerate the development of the 
data base on radial-belted air­
craft tires. 
(Robert H. Daugher ty and 
Sandy M. Stubbs, 41309) 

Definition of Mechanical 
and Friction 
Characteristics of 
Bias-Ply, Radial-Belted, 
and H-Type Tires 

The objective of the joint 
NASA/FAA Radial Tire Pro­
gram is to develop a data base 
of tire mechanical properties and 
friction characteristics for radial­
belted and H-type aircraft t ires 
and to compare these character­
istics with those of comparable 
bias-ply aircraft tires. Static and 
dynamic testing of several bias­
ply, radial-belted, and H-type 
aircraft tires representing the full 
range of tire sizes and strength 
capabilities is being carried out 
to define the stiffness, damping, 
and friction properties of these 
tires over a range of operational 
loads and runway wetness condi­
tions. 

A photograph of three of the 
test tires is shown in the first 
figure. These 40 x 14 aircraft 
tires are the size used on many 
versions of the Boeing B-737 
an McDonnell Douglas DC-9 
transport aircraft. Some vertical 
load-deflection characteristics 
of the three tires are shown by 
the data in the second figure. 
Both the bias-ply and H-type 
tires exhibit high r stiffness 
values than the radial-belted tire 
when all three tires are inflated 
to 170 lb/in2. Some additional 
results for the radial-belted 
tire and the bias-ply tire, not 
shown in the figure, show that 
for dry runway operations the 
radial-belted tire produces larger 
cornering forces than the bias-ply 
tire over the entire range of yaw 
angles tested. 

The data obtained from this 
study are essential to establish 
the compatibility of radial-belted 
aircraft tires with such landing 
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gear components as the antiskid 
braking system, the nose-gear 
steering system, and the shimmy 
damping system. Furthermore, 
these data will be used to ensure 
the ground-handling safety of 
future aircraft equipped with 
radial-belted tires. 
(Pamela A. Davis, Sandy 
M . Stubbs, and Thomas 
J . Yager , 41307) 

Large-Scale Testing of 
Transport Wing Section in 
Simulated Heavy Rain 

Since 19 2, NASA has been 
studying the influence of heavy 
rain on airfoil aerodynamic 
performance. Small-scale wind 
tunnel studies show that a high­
intensity rainfall does adversely 
affect airfoil performance. A t st 

was recently conducted at the 
ALDF to determine if the wind 
tunnel rain simulation properly 
modeled the rain environment 
effects on large wing sections. A 
10-ft-chord NACA 64-210 wing 
section (equipped with a leading­
edge slat and a double-slotted 
trailing-edge flap deflected to 
simulate a landing configuration) 
was mounted on the test carriage 
(as shown in the first figure). 
Aerodynamic lift data were 
obtained with (wet data) and 
wit hout (dry data) t he rain 
simulation system operating 
for an angle-of-attack range 
of 7.5° to 19.5° and for simulated 
rainfall rates of 9 in/ hr and 
40 in/ hr. The results obtained 
at the 40 in / hr rainfall rate show 
a 15- to 20-percent reduction 
in observed maximum lift and 
a red uction in the dry air stall 
angle of approximately 6° . There 
appears to be a small reduction 
in maximum lift and only a slight 
reduction in the tall angle of 
attack at the 9 in/ hr rainfall 
rate; however , only a limi ted 
amount of data were taken , and 
these results are inconclusive . 

Although the ALDF wing sec­
tion and the wind tunnel model 
have the same airfoil section and 
model configurations, their re­
spective testing environments 
have dictated different end plate 
geometries and aspect ratios. In 
order to make meaningful com­
parisons of the wind tunnel data 
and t he ALDT data, the wind 
tunnel data were corr cted for 
differences in aspect ratio and 
end plate geometry between 
the two model configurations. 
A comparison of lift coefficient 
versus angle of attack for the 
ALDF and wind tunnel config­
urations is shown in the second 
figure at similar test conditions. 
The ALDF dry data measured 
show excellent correlation to 
the wind tunnel dry lift perfor-
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Wing section exiting rain simulation system. 
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mance. There also appears to 
be a reasonable degree of corre­
lation between the two sets of 
wet data for the 40 in/hr rainfall 
rate. Hence, it appears that to a 
first order, the rain cale effects 
are not large and that the wind 
tunnel research technique can be 
used to predict rain effects on 
airplane performance. 
(Dana J. Dunham and Gaud y 
M. Bezos, 45055) 
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Flight Research FacIlity _H 

The truss-supported roof of 
the huge hangar of th e Flight 
Research Facili ty provides a clear 
Boor space with nearly 300 ft in 
each direction (over 8 7,000 ft 2) . 

Door dimensions will allow en­
try of a Boeing 74 7. Features 
such as Boor air and electrical 
power services, radiant Boor heat­
ing to eliminate corrosion-causing 
moisture, a modern deluge fire 
suppression system , energy­
saving ligh ting, modern main­
tenance spaces, and ently doors 
and taxiways on either side of 
the building m ake this structure 
equal or superior to any hangar 
in the country. Extensive and 
modern maintenance eq uipmen t 
makes it possible to maintain , 
repair, and modify aircraft rang­
ing in sophistication from mod­
ern metal and composite ail-lin­
ers, fighters, and helicopters to 
fabric-covered light airplanes. 
Surrounding the hangar are ramp 
areas with load-bearing capacity 
sufficient to handle the largest 
current wide-body jet. The high­
power turnup area can also han­
dle a wide variety of aircraft. 

The present array of research 
and research support aircraft 
includes an airliner, military 
fighters, trainers, exp erimental 
one-of-a-kind designs , heli copters, 
and single and mu1tiengine 
light airplanes. This variety 
enables research to be carried 
out over a wide range of Bight 
conditions, from hover to Mach 2 
and from the surface to 60,000 ft. 
Research pilot currency in this 
wide spectrum of aircraft is 
important in conducting credible 
in-Bight experiments as well as 
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in-Bight sim ulator assessments. 
A variety of research can be 
conducted in such areas as 
terminal traffic Bow, microwave 
landing system (MLS) approach 
op timization, airfoil properties, 
handling qualities, performance, 
engine noise, turbulence research , 
natural laminar Bow, winglet 

• 

studies, stall/spin , and severe 
storm hazards. 

One of the support helicopters 
is used to drop unpowered re­
motely controlled models of high­
performance airplanes to study 
high-ang1e-of-attack control char­
acteristics. The R adio-Controlled 
Drop Model Facility is used to 

Convair F-106B configured for Storm Hazards Program. L-83-2747 

Langley Aerospace Test Highlights- 1989 



ORIGINAL PAGE 
BLACK AND WHITE PHOTOGRAPH 

\ . 

Beech T34C used for flight support. L-80-3923 

Bell 204B configured for model drop mission. L-76-6425 

I 
Radio-Controlled Drop Model Facility. L- 3-11167 

study the low-speed flight dy­
namic behavior of aerospace vehi­
cles with particular emphasis on 
high-angle-of-attack characteris­
tics of combat aircraft. The tech­
nique consists of launching an 
unpowered, dynamically scaled, 
radio-controlled model into glid­
ing flight from the support he­
licopter, controlling the flight 
of the model from the ground, 
and recovering the model with a 
parachute. 

The models are constructed 
primarily of molded fiberglass 
and are typically approximately 
lO-ft long with weights in the 
range of 200 lb to 300 lb. A com­
prehensive onboard instrumenta­
tion system provides measure­
ments of key flight dynamics 
parameters that are transmit-
ted to the ground via telemetry 
and recorded for analysis. The 
model control loop involves a 
combination of ground-based and 
onboard equipment and the re­
quired communication links. The 
heart of the system is a ground­
based digital computer into 
which the control laws are pro­
grammed. The processor accepts 
downlinked feedback signals from 
the model and commands from 
the pilot and computes the con­
trol surface commands that are 
then transmitted to the model. 
Very-high bandwidth electrome­
chanical servoactuators are used 
to drive the model control sur­
faces. The pilot flies the model 
from a ground station that pro­
vides the required information 
on a number of displays. These 
displays include a high-resolution 
video image of the model, a map 
display showing model ground 
track, and conventional analog 
instruments presenting key pa­
rameters such as angle of attack 
and airspeed. 

The tests are conducted at the 
Plum Tree Test Site located ap-
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proximately 5 miles from Langley 
R esearch Center. Th e tes t site is 
a marsh approximately 2 miles 
long and 1 mile wide. 

Wing Leading-Edge Vortex 
Flap 

Flight te ts of a Langley 
Research Center developed 
wing leading-edge vortex fl ap 
concept have continued during 
1989. The flap is being flown 
on an F-106B research aircraft 
instrumented to measure wing 
and fl ap surface pressures, strain , 
structural accelerations, and 
other pertinent information. 
Acquisition of aerodynamic, 
performance, structural, and 
stabili ty and control data has 
been completed for the flap 
configura tion of 40°, hown 
installed on the research airplane, 
over a flight test envelope that 
encompassed speeds up to 
Mach I , alt itudes up to 40,000 ft , 
and maneuver loadings just over 
4 g's. Results are being processed 
and analyzed for comparison 
with da ta from fl ight tests of the 
unmodified wing and results from 
wind tunnel and computational 
models of the same F-106B 
configuration . 

The next series of flight tests 
will be conducted using a vapor­
screen system to visualize the 
flow field above the wing of the 
aircraft as an aid in understand­
ing the vortex flow aerodynamics 
with and without the leading­
edge flaps. T he vapor-screen 
technique used to provide this 
information is the same devel­
oped for an earlier study except 
that the light sheet direction can 
be rotated to illuminate various 
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F-106B research aircraft with vortex flap . 1-8 - 1 0 

wing station . After document­
ing the flow field associated with 
the vortex fl ap set at 40° , similar 
data and flow visualization flights 
will be repeated for a vortex flap 
etting of 30° . 

(D. J. DiCa rlo , 43870, and 
J. B. H a llissy) 

Tumble Research Using 
X-29 Drop Model 

In upport of the current 
high-angle-of-attack tests being 
conducted on the X-29 airplane 
at the Hugh L. Dryden F light 
Research Facility, drop-model 
flight tests have been conducted 
at Langley Research Center on 
a 22-percent dynamically scaled 
model of th configuration. The 
first series of tests focused on 
documenting the flight dynamics 
of the configura tion throughout 
its angle-of-attack envelope. In 
addition , control law concepts 
were developed, successfully 
tested , and subsequently adopted 
for use on the full-scale X-29. 

The tests in 1989 focused on 
tumble susceptibili ty. Earlier 
wind tunnel investigations had 
shown that under certain con­
ditions the X-29 configuration 
exhibits a pitch autorotation 
characteristic that could lead to 
a very dangerous ou t-of-control 
tumble condition. It was not 
known, however , if the airplane 
could enter this condition from 
controlled flight. The drop-model 
tests provided the only safe and 
effective method for addressing 
this issue. In the te ts , the model 
was flown to a very high-angle­
of-attack, low-speed condition 
in which full nose-down controls 
were applied and held in an at­
tempt to drive the model into 
a tumble. Earlier analysis had 
shown that this maneu ver would 
represent a very stringent test 
of the tumble susceptibility of 
the configuration . The resul ts 
from the drop flights showed t hat 
although very severe pitch de­
partures were obtained , in which 
negative angles of attack as large 
as - 130° were reached , the model 
did not enter a sustained tumble 
motion. These data show that 
the X-29 configuration is fairly 
resistant to t umbling. 

Langley A erospace Test Highlights- 1989 
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X -29 drop model. 

Because the tumble phe­
nomenon is a concern for future 
advanced aircraft designs with 
relaxed static stability, a generic 
research program has been ini­
tiated which will build on the 
results obtained on the X-29. 
(David J. F'ratello and Mark 
A. Croom, 41146) 

Transition Physics Fl ight 
Research Experiments 

Current laminar-flow research 
conducted by NASA is focused 
on understanding the dominant 
instabili ty modes responsible 
for initia ting the transition pro­
cess from laminar to turbulent 
flow. Recently, flight experiments 
were conducted on a gloved sur­
face of a Lear Model 28/29 air­
plane (as shown in the figure ) 
to study in detai l the growth of 
Tollmien-Schlichting (T-S ) insta­
bility in the laminar boundary 
layer. The purpose of the e ex­
periments was to help validate 
computational fluid dynamics 
(CFD) compressible linear stabil-

L-87-3588 

ity theory through measurement 
of the instability mechanisms. 
These experiments incorporated 
a fiberglass and foam , 6-ft- pan, 
gloved section attached to the 
wing surface. Using the exist-
ing wing airfoil hape that was 
already conducive to long runs 
of laminar flow, the glove had a 
thickness of 0.25 in. to incorpo­
rate subsurface wiring in order 
to provide streamwise located in­
strumentation for measuring the 
streamwise growth of T-S insta­
bility frequencies (via hot-film 
and microphone sen ors), temper­
ature distributions, and pre sure 
distributions. 

The e experiments were the 
first of their kind to measure 
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Lear Model 28/ 29 airplane with instrumented natural laminar-flow 
glove. L-89-2 28 

streamwise growth patterns along 
the wing chord at a specific span­
wise location. Previous exper­
iments using sensor staggered 
across the pan could not accu­
rately tudy the growth of distur­
bances at a specific span stat ion 
in the streamwise direct ion . In 
addition , t hese were t he first ex­
periment to obtain temperature 
distribution information t hat can 
be used as input to the compress­
ible CFD codes. This re earch 
will provide information on dis­
turbance growth and transition 
mode which is essential to the 
understanding of design limi t 
for applications of laminar-flow 
technology. 
(Cynthia C . Lee, 43865) 

Space Shuttle Exhaust 
Particle Experiment 
(SEPEX) STS-34 

At the request of the National 
Space Transportat ion System 
(NSTS) Office, Langley Re earch 
Center personnel developed a 
method of a irborne collect ion 
and measurement of aluminum 

oxide par t iculates exhausted from 
the Space Shuttle solid rocket 
boosters. This study will enable 
environmental planners to make 
more accurate assessments of the 
impact that these particles may 
have on the atmosphere. 

Two Langley aircraft, a 
Cessna 402B and a Beechcraft 
T-34C, were equipped with 
atmospheric sampling equip­
ment designed by personnel 
from the Atmospheric Sciences 
Division (ASD), Atmospheric 

Cessna 402B used for SEPEX. 

Studie Branch. Approximately 
4 min after launch of STS-34 on 
October 1 , 1989, the test air­
craft made several passes t hrough 
particulates for study. The 
Cessna 402B sample was ob­
tained at an alt itude of 8000 ft 
and the T-34C sample was tak~n 
at 24,000 ft. Filters from the 
sampling apparatus were re­
turned to Langley for analysi . 

Using an electron microscope, 
ASD personnel visually grouped 
the aluminum oxide particles by 
size in order to determine the 
particulate size distribution at 
each te t condition. By deter­
mining the particle-size distribu­
tions of samples obtained from 
different alt itudes, the researchers 
can ascertain the effect if any 
of alt itude on the size ~f the e~­
hau ted par t icles . Variances in 
t he particulate size di tribu t ion 
can have a significant effect on 
the environmental impact of in­
troducing these particles into the 
atmosphere. 
(W. R. Coffer III , 45835 , 
G. C. Purgold , M. R . Phillips, 
and H. A . Versty nen ) 

L-89-11509 
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Image Processing Laboratory _____ _ 

The Image Processing Labo­
ratory (IPL) is a versatile image 
processing system that allows 
researchers to enhance and ana­
lyze digital images. These images 
arise from a wide range of ap­
plications including wind tunnel 
flow field experiments, computa­
tional fluid dynamics solutions 
obtained on the Cray supercom­
puter, nonintrusive aerodynamic 
heat-transfer measurem ents, ra­
dioscopic techniques, and satellite 
imaging systems. The IPL pro­
vides researchers with analysis 
tools that allow enhanced images 
and accurate results to be gener­
ated in minutes. 

The IPL is a Sun-based image 
processing network (as shown in 
the figure). An important feature 
of the system is the Sun TAAC-l 
application accelerator, which is 
designed for improved imaging 
and visualization performance. 
The TAAC-l handles the pro­
cessing of large arrays of image 
data fast enough to support in­
teractive work. The system is 
supported by a number of in­
put/output peripherals in the 
laboratory. For instance, images 
on photographic m edia are in­
put to the Sun using the Eikonix 
digitizing camera, which converts 
visual information into a digital 
array of numbers (digital image) 
that can be quantitatively pro­
cessed by the system. Also, data 
on any computer in the Cen-
ter's local area network m ay be 
transferred to the system, and 
a nine-track magnetic tape unit 
can read digital images created 
at remote locations. The digital 
images then are analyzed and in­
teractively enhanced on the Sun 
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network using either the capabil­
ities of the TAAC-l or any of the 
various image processing software 
packages that exist on the Sun. 
The matrix film recorder converts 
the enhanced digital images into 
photographic media for a hard 
copy of results. 

The IPL was originally based 
on a Gould IP8500 image pro­
cessing system prior to upgrading 
to the Sun-based image process­
ing network. Th e Gould system 
supports the input of individual 
frames on videotape using the 
color videotape recorder. Sim­
ple enhancements on a sequence 
of images can be p erformed in 
real time and recorded back onto 
videotape or used to produce a 
sequence of photographic images. 
A planned upgrade to the Sun­
based image processing network 
will allow this capabili ty to be 
supported directly on the Sun. 

The IPL provides researchers 
with enhanced images that in­
crease their abili ty to accurately 
interpret image data in a wide 

variety of applications. The in­
teractive nature of the system 
allows researchers to use their 
experience and judgment to an­
alyze and process quickly their 
image data. The enhanced im­
ages provide an effective means 
of presenting research results for 
analysis, publication, and presen­
tation. The IPL provides a prac­
tical and interactive environment 
for users to process image data 
quickly and to obtain a variety of 
outputs to meet their needs. 

Enhancement of Infrared 
Thermographic Images of 
Transpiration-Cooled Fuel 
Jet 

Spatial filtering , two­
dimensional surface contouring, 
and construction of directional 
temperature profiles were per­
formed in the IPL as a post pro-
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Thermal image generated using Agem a Thermovision 880 System. 

Enhanced thermal image wi th contour lines and gray temperature scale 
using PV- WAVE. 

cessing technique of infrared ther­
mographic data. Infrared ther­
mography, a technique which , 
with inversion software, resolves 
t he temperature of a surface of 
a known emissivity from elec­
t romagnetic intensity measure­
ments in the infrared band , was 
used in conjunction with a se-
ries of open-jet tests in t he Test 
Cell #2 facility of the Scramjet 
Test Complex. With t hese data 
produced over a range of experi­
mental condi t ions, Precision Vi­
suals Workstation Analysis and 
Visualization Environment (PV­
WAVE) software has been used 
to filter spatially t he output data 
files and quantify the streamwise 
and lateral temperature gradients 
along t he surface of the inj ector 
model. 

The experimental investigation 
was performed to examine t he 
effectiveness of t ranspiration 
cooling at relieving the local 
heating rates in the region of a 
sonic, perpendicular , fuel jet of 
gaseous hydrogen in a Mach 3 
cross stream. The heat release 
du to combustion in the vortical 
mixing region surrounding 
the inj ector results in a high­
temperature boundary layer , 
which convects large amounts of 
thermal energy onto the surface. 
Room temperature hydrogen 
gas was blown through discrete 
orifices to reduce the boundary­
layer temperature and act as a 
thermal blanket to protect the 
surface . 

The surface temperatures, 
shown in the first figure as a 
thermal map , were processed in 
near real t ime from the Agema 
Thermovision 880 System . The 
high-enthalpy, vitiated airflow is 
from left to right , and the main 
fuel injector is the cold region 
in approximately t he center of 
the figure. The transpiration ori­
fices surround the main injector 
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but are too small to be discerned 
in the figure. The Agema Ther­
movision 880 System is an ef­
fective tool for data acquisition , 
but currently it is not capable of 
performing qualitative image en­
hancement or quantitative graph­
ical presentation of the measured 
signal. 

In order to achieve publication­
quality thermal images with sur­
face contouring and temperature 
profiles along the plate, the raw 
data were processed into matrix 
files and transferred to the IPL. 
The second figure illustrates the 
ability of the PV-WAVE soft­
ware to filter noi e from the data 
and contour the surface tempera­
tures to illustrate surface heating 
patterns. This method enhances 
the distinguishing features of the 
cool, inner core of the gaseous jet 
and the surrounding hot spots 
generated in the combustion re­
gion. Images such as this one 
represent qualitative illustrations 
of local heating patterns and the 
effect of the coolant on these pat­
terns. For a quantitative demon­
stration of the effectiveness of 

various amounts of coolant injec­
tion at reducing the surface tem­
perature, profile of the surface 
temperature (see the third figure) 
also were constructed using PV­
WAVE. This figure depicts the 
reduction in temperature along 
the centerline of the jet due to an 
increase in the amount of coolant 
blown through the orifices. These 
results demonstrate the applica­
bility of transpiration cooling as 
a leading cooling technique for 
supersonic combustors . 
(Carl S . B y ington, 46266) 
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16- by 24-lnch Water Tunnel 

The Langley 16- by 24-In ch 
Water Tunn el is used for Bow 
visualization studies at low 
R eynolds numbers. Th e tunnel 
has a vertical te t section with 
an effective working length of 
approximately 4.5 ft. The test 
section is 16 in. high by 24 in. 
wide. All four sidewalls are 
plexiglass to provide optical 
access. A pump transfers the 
water from the test section exit 
to the reservoir upstream of the 
test section. The test section 
velocity can be varied from 0 ftls 
to 0.75 ftls. Th e unit Reynolds 
number range for water at 7ffJ F 
for this velocity range is 0 to 
7.7 x 10" 1 ft. The normal test 
velocity that produces smooth 
Bow is 0.25 Itls. 

A sting- type model support 
system positions the model. The 
m odel atti t ude can be varied in 
two planes over angle ranges of 
± 3:J> and ± 150. Op era tor­
controlled electric motors are 
m ounted outside of the test 
section to control the model 
posi tion. The model po ition 
is read by the operator on a 
protractor mounted to the model 
support. Semispan models are 
mounted on a spli tter plate 
supported by a sting with a 
lateral offset . 

Ordinary food coloring is 
used as a dye to visualize the 
Bow. The dye is supplied by 
three reservoirs under pressure 
so that up to three dye colors 
m ay be used. Dye may be ejected 
from small orifices on the model 
surface or injected upstream 
of the test section. Th e water 
tunnel was placed in operation in 
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1987 and has been used to study 
Bows over delta wings and over a 
rectangular wing with a Gurney 
Bap. 

Forebody Strake Vortex 
Study 

Because of the strong vortex 
generated by a strake mounted 
on an aircraft forebody when 
at high angles of attack , it has 
been suggested that a deployable 
strake may be used to augment 
aircraft control, especially a t high 
angles of attack where conven­
t ional aerodynamic controls be­
come ineffect ive. To investigate 
the effects of trake geometry and 
orientation on vortex strength, 

a water tunnel study was con­
ducted on an axisymmetric fore­
body having the same area distri­
bution as the F-18 aircraft fore­
body. A typical strake configu­
ration and the resulting vortex 
(made visible by t he use of col­
ored dye streams) are shown in 
the figure. Tests were conducted 
at angles of attack from 0° to 30° 
and angles of ideslip from - 5° to 
5° . Orientation of the strake rel­
at ive to the model top was var­
ied from 0° to 70° . Strake vari­
ables included planform, chord 
(length) , span (width), camber, 
incidence, and position relative to 
the nose t ip . 

Results from this study indi­
cated that vortex strength was 
increased by increasing strake 
chord , increasing strake inci­
dence, or moving t h strake 
closer to the nose tip. Based on 
these results , a limited number of 
strake configurations have been 
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Baseline strake configuration at angle of attack of 25° . 

selected for a more detailed study 
in the 16-Foot Transonic Thnne!. 
(Dan Neuhart , 43012, and 
Bobby L. Berrier) 

Concepts for Alleviation of 
Adverse Inlet Spillage 
Interactions on External 
Stores 

The spillage flow around 
inlets on fighter-type aircraft at 
reduced engine throttle settings 
has the potential to adversely 

interact with external stores. 
The resultant effect on store 
aerodynamic surfaces due to 
the interaction with the vortical 
spillage flows can be structural 
damage due to severe buffeting 
and release of the stores into an 
unsteady flow environment. As 
a first step in addressing this 
problem, a test was conducted 
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1/ 48-scale twin-engine fighter model. 

in the Langley 16- by 24-Inch 
Water Thnnel on a 1/ 48-scale 
twin-engine fighter model at a 
Reynolds number based on a mean 
geometric chord of 8400. The 
model had flowing inlets that 
were connected to a series of 
valves and flowmeters so that the 
inlet flow rates could be varied. 
Flow visualization using colored 
dye indicated the path of the 
vortical spillage flows. 

A erie of flow control devices 
was studied for manipulating the 
spillage flows. Two approaches 
were taken to the solution of 
t he problem. First, devices for 
deflecting the spillage flows were 
tested . The e devices were small 
fins attached to the bottom 
of t he fuselage and placed to 
deflect the spillage flow away 
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from the external stores. The 
second approach was based on 
the creation of auxiliary vortex 
flows to interact with the vortical 
spillage flows and alleviate their 
adverse interaction with t he 
external stores . The devices that 
created these auxiliary vortex 
flows were also fins placed at 
various locations on the fuselae;e. 
The t ip vortices from these 
devices were used to neutralize 
("unwind" ) the spillage vortices, 
induce the spillage vortice away 
from the stores, or deflect and 
deform the spillage vort ices . 

The results of the study 
showed that the devices that cre­
ated auxi liary vortices worked 
more effectively than the flow­
deflecting devices. In particu­
lar , the fins that neutralized the 

spillage vortex and those that de­
flected and deformed it appeared 
most successful. The delta fins 
for neutralizing the spillage flow 
are shown in the figure. These 
fins are located near the source 
of the vortical spillage flow and 
immediately neu tralize the flow 
and slightly overcompensate by 
reversing t he direction of rota­
tion. This flow rotation reversal 
is not observable in the figure , 
but it was verified during testing 
and recorded on videotape. The 
potential for effective utilization 
of devices for alleviation of ad­
verse interactions of inlet spillage 
flows with external stores has 
been shown by the results of this 
test. 
(D. H. N eu hart , 43012 , a nd 
M. N. Rhode) 
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Computer-Generated Animation System_-

A rack-mounted portable video 
system has been assembled for 
use in making tape recordings 
of computer-generated graphics 
of dynamic physical phenomena 
such as fluid flows and structural 
vibrations. The video system 
can be used with any computer 
that outputs RS170A RGB 
(red/green/blue) color signals 
and a sync signal and has an 
RS232 port. 

A photograph of the video 
system in use next to a graph­
ics workstation is shown in the 
upper right figure. The principal 
components of the system are 
sketched in the schematic draw­
ing that shows the system being 
used with an IRIS workstation. 

The animation software ex­
"Jcuting on the IRIS includes a 
device driver that communicates 
with the animation controller 
through an RS232 port. The 
animation controller regulates 
the frame-by-frame recording of 
graphics drawn on the system 
console monitor. By recording 
each frame only after it is fully 
drawn , the process of actually 
rendering the scene, however time 
consuming, is not reproduced on 
tape, and smooth animations can 
be achieved of even complicated 
color images. The transcoder 
conditions the RGB signals for 
input to the tape recorders. A 
sync generator is included for use 
with workstations that do not 
provide the proper sync signals 
themselves. 

A high-quality 1/ 2-in. Betacam 
recorder/player for producing 
the master tape and a U-matic 

'------------_._---

Video system in use at graphics workstation. 

Phase I 

I Animation 
IRIS controller 

Sync. gen. 

GAS software Optical disc 
Genlock High-resolution digital frame 
RS 170 converter - recorder 

Transcoder I 

High-res. ------- Tape 
IRIS mono 1 Video editing 1 recorders 

1024 by 768 - 1-------1 
1 Field shots, narratives,I--.. . 
I~tles , ~-=-alteratlo~1 

State-of-the-art system 

Development project 

Schematic of video system attached to IRIS workstation. 
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SP 3/4-in. recorder for making 
distribution copies are available. 
A scan converter, configured 
for 1024- by 768-pixel screen 
resolution , has been added to the 
system. This device antialiases 
high-resolu tion graphics in 
real time to provide good­
quality standard video resolu tion 
signals for the recorders with 
no time penalty. A videodisc 
player/ recorder capable of 
holding up to 1 hour of video is 
being integrated into the system. 
Thi videodisc will eliminate 
some tape handling and provide 
more fl exible user access to 
recorded video frames. Th ese 
components form an integrated 
ystem designed to work as 

a unit. The system has been 
configured to operate successfully 

with Silicon Graphics IRIS 3030 
and 4-D workstations, a Lexidata 
Solidview raster workstation, and 
an Evans and Sutherland PS 300 
color graphics system . 

The Betacam recorder is capa­
ble of simple manual editing of 
original rough videos. For pro­
fessional edi ting, the videotapes 
obtained with this system may 
be processed through the Langley 
R esearch Cen tel' Research Infor­
mation and Applications Division 
Video Section. 

This system has been used to 
produce videotapes of hyper­
sonic inlet flows, boundary-layer 
transition , grid generation , and 
pressure distributions on fl exible 
bodies. Groups in the A eronau­
tics, Structures, Electronics, and 

Space Directorates have found 
videotaping useful to convey the 
results of their computer simu­
lations to a wide audience in the 
research community. 

Video Recording System 

The open-shop Graphics Lab­
oratory supports computer­
generated video tape recordings 
t hat simulate dynamic physical 
processes or time-dependent ex­
perimental data. The equipment, 
which consists of several high­
resolution tape recorders, an 
optical disc recorder, and hard­
ware, interfaces wit h a variety of 

One frame of computer-generated image representing global heat radiation detected by ERBE. 
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color workstations and enables 
software control of the recorders. 
Recordings may be made in the 
Graphics Laboratory or at a re­
searcher 's graphics workstation. 

In the Graphics Laboratory, 
recordings may be made using 
the IRIS workstation running 
the Graphics Animation System 
(GAS), MOVIE.BYU, or cus­
tomized software. The UltraNet 
frame buffer and high-speed net­
work connection to the Cray-2 
also support video recordings. A 
sequence of precomputed images 
in the Langley Research Center 
raster metafile (RM) format may 
be used to generate an animation 
on the UltraNet frame buffer. 
Software is available to gener-
ate images in UltraNet format 
directly from a computed data 
base. The video hardware has 
been interfaced to a Tektronix 
4115, IRIS 4D and 3030 models, 
an Evans and Sutherland PS 390, 
a Sun 3/280 with TAAC-l appli­
cation accelerator board, and a 
Macintosh with a card to drive a 
high-resolution RGB monitor. 

Recordings have been made 
by Langley researchers in the 
Structures, Electronics, Space, 
and Aeronautics directorates. 
The subjects of these recordings 
have ranged from time-dependent 
flow fields, computer simulation 
(shown widely on TV network 
news) of the Space Shuttle 
recovery of the Long-Duration 
Exposure Facility (LDEF), actual 
temperature distribution on 
Space Shuttle orbiter surfaces, 
grid generation for computational 
fluid dynamics, and oil-flow 
development on aerodynamic 
surfaces. Other subjects included 
buckling behavior of shells and 
stiffened flat panels, global 
heating and cooling, spacecraft 
mission planning, and changes 
in helicopter disk loading with 
forward speed. Video is the 

medium of choice to show the 
evolving dynamics of complex, 
three-dimensional events for 
which several still photos or 
sketches are totally inadequate. 

As an example of the u e of 
this equipment, video recordings 
are being used to examine 
data from the Earth Radiation 
Budget Experiment (ERBE). 
One frame from such a color 
video is shown in the figure. 
The raw data for the animation 
were first retrieved from archived 
magnetic tapes containing 
the original satellite readings. 
Using software on the Convex 
computers , this information was 
fitted and interpolated onto two­
dimensional images depicting the 
surface of the Earth. A Langley 
standard RM file containing a 
legend and a time scale then was 
rendered for each set of ERBE 
data. Using software on the 
IRIS workstation , these images 
were recorded onto videodisc and 
subsequently placed onto U-matic 
and VHS videotapes. These 
tapes provide an unprecedented 
insight into the dynamic ERBE 
data and can be distributed to 
researchers around the world. 
(Kurt Sever a n ce, 46715) 
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Color Film Recording System 

The Color Film Recording 
Sys tem (CFRS) in the Central 
Computing Complex provides 
the researcher with film output 
of computer-generated graphics 
using state-of-the-art high­
resolu tion image recording 
devices. The film output aids the 
researcher in the investigation , 
interpretation , and presentation 
of complex data results. Support 
is provided over a wide range 
of disciplines, including wind 
tunnel flow field experiments, 
computational fluid dynamics, 
atmospheric sciences, remote 
sensing, and information sciences. 
Th e CFRS is comprised of 
two film recorders (a Celco 
8000A and a Solitaire SIR01A), 
a Super et XP / 48 hardware 
rasterizer, a VAX 11/ 750, and 
a per onal computer. 

Because of the design of the 
optical systems, the film trans­
ports, and the camera control 
electronics, a variety of for-
m ats can be imaged on the film 
recorders. The Celco 8000A 
can produce 16-mm movies, 
35-mm slides, 8-in . by 10-in. 
viewgraphs, microfiche, and 70-
mm and 4-in . by 5-in. negatives 
for photoprocessing. Software 
for controlling the operation of 
the Celco 8000A resides on the 
VAX 11/ 750. Command codes 
and data are sent via the DR11-
W and DR11-C interfaces. Th e 
Soli taire SIR01A film recorder 
can produce 35-mm slides and 
8-in . by 10-in. viewgraphs. Com­
mand codes and data are sent 
to the recorder via the IEEE-
488 in terace on the rasterizer. 
Each film recorder is capable of 
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Lifting body pressure contours image created on Silicon Graphics lIDS workstation using AMTEC Engineering 
Incorporated TECPLOT software. 

including Celco, Solitaire, and 
Targa formats. The Targa output 
format allows preview capability. 
The personal computer in the 
CFRS has hardware and software 
for controlling the Superset 
XP 148 rasterizer. Both the 
personal computer and the 
VAX are nodes on LaRCNET. 
This provides easy access to the 
CFRS from all mainframes in the 
complex and other systems using 
XNS or TCP l IP communications 
protocol. The CFRS supports 
the output formats from a variety 
of graphics programs including 

DI-3000, DI-3000 XPM, CGM 
interpreter, NCAR, RASLIB, 
PV-WAVE, and the Langley 
Research Center defined raster 
metafile (RM) format. 

The most recent addition to 
the CFRS is the Automatic E-6 
Film Processing System. This 
system is comprised of a Hope 
processor and an Automatic 
Chemical Management System. 
The Hope processor is a leader­
less, random access, roller trans­
port processor capable of process­
ing 1'011 film from 16 mm wide 

to 11 in. wide up to 400 ft and 
sheet film from 4 in. by 5. in to 
11 in. by 14 in. The Automatic 
Chemical Management System 
is designed such that cbemicals 
can be mixed and supplied to 
the processor from cube contain­
ers of concentrates. This system 
bas been used to produce movies, 
slides, viewgraphs, and negatives 
to support research and presenta­
tion of graphics by persons in all 
directorates. The graphics output 
has been used locally, at national 
and international conferences, 
and in many scientific journals. 
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Image frame from Sh uttle Infrared Leeside Temperature Sensing (SILTS) experiment on mis­
sion STS-2B. R ecorded analog data were converted to digital form. Logarithmic algorithms 
were used to convert data to color using programs on the CYBER compu ter. 

Space Station Freedom image created on VAX 6230 using IDEAS 2 (a CAE system developed 
jointly by NASA and Structural Dynamics Research Corporation). 
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13-lnch Magnetic Suspension and Balance 
System 

. Tbe Langley 13-Incb Magnetic 
Suspension and Balance System 
(MSBS) is a laboratory estab­
lisbed to develop tecbnology re­
quired for wind tunnel testing 
tbat is free of model-support in­
terference. In 1984, tbe labora­
tory began operation as a combi­
nation of a magnetic suspension 
and balance system. 

For tbis system, four electro­
magnets (arranged in a "V" con­
figuration) above tbe wind tunnel 
test section provide tbe lift force , 
pitcbing moment, side force, and 
yawing moment. A drag electro­
magnet opposes the drag force. 
Motion is controlled in these 
five degrees of freedom with no 
provision for generation of con­
trolled magnetic roll torque on 
the model. The 13-Incb MSBS 
bas a lift force capabili ty of ap­
proximately 6 1 b depending on 
the size and sbape of the iron 
core in the model. The test sec­
tion passes through the drag elec­
tromagnet. 

The tunnel is a continuous­
flow, closed-throat, open-circuit 
design . Ambient air enters the 
tunnel from the outside through 
a large bellmouth intake pro­
tected from outside contaminants 
by a screen enclosure. At the end 
of the tunnel, the flow exhausts 
to tbe outdoors. The tunnel is 
capable of speeds up to Mach 0.5. 
The transparent test section mea­
sures approximately 12.6 in . high 
and 10.7 in . wide. 

The tunnel has not been in 
operation during 1989, but it 
is scheduled to resume research 
studies in mid-1990. 

room 

MSBS laboratory schematic. 

MOd"~ Alrtlow 

Detail of electromagnet configuration 
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Supersonic Low-Disturbance Pilot Tunnel __ 

The Supersonic Low­
Disturbance Pilot Tunnel 
(formerly called the Langley 
Mach 3.5 Low-Disturbance Pi­
lot Tunnel) has been in operation 
ince 1981. The tunnel, which 

is located in the Gas Dynamics 
Laboratory, uses high-pressure air 
from a 4200-psi tank fi eld that is 
dehydrated to a dew point tem­
perature of - 52" F , redu ced in 
pressure by control valves located 
upstream of the settling chamber, 
and filtered to remove all parti­
cle larger than 1 p,m in size. 

The predicted locations of 
transi tion from laminar-to­
turbulent Bow in the boundary 
layers of high-speed, high-altitude 
Bight vehicles are cri tical design 
considerations because both fri c­
tion drag and aerodynamic heat­
ing may be greatly affected by 
uncertainties in these predictions. 
Unfortunately, transition phe­
nomena are extrem ely sensi tive 
to noise, which is a known con­
taminan t in conventional high­
speed wind tunnels. For Mach 
numbers >2.5, the predominant 
sources of this wind tunnel noise 
are acoustic disturbances radi­
ated in to the free stream from 
the uper onic turbulent bound­
ary layers on the tunnel walls. 
Other sources of noise in blow­
down wind tunnels are pressure­
reducing control valves that reg­
ulate the settling chamber pres­
sure. Th e t unnel is a part of an 
ongoing Langley R esearch Cen­
ter program to develop and test 
methods for eliminating or redu c­
ing severe noise problems. 

The m ain figure above shows 
the settling chamber (visible 
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on the right-hand side) and the 
open-jet test section chamber 
(visible on the left-hand side). 
Th e tunnel Bow exhausts to a 
vacuum sphere complex that pro­
vides up to approximately 1-hr 
run times for stagnation pres­
sures from 25 psia to 100 psia. 
At higher pressures, the flow is 
exhausted to the atmosphere. 
Th e settling chamber contains 
seven anti turbulence screens 
along wi th a number of dense 
porous plates that fun ction as 
acoustic baffl es to attenuate the 
high-level noise from the con-
trol valves and the piping sys­
tem. Th ese porous plates reduce 
the incoming noise from approx­
imately 0.2 percent of stagna­
tion pressure to approximately 
0.01 percent. The anti t urbulence 
screens reduce the normalized 
rms velocity flu ctuations to ap­
proximately 1 p ercent . 

Wi th the inpu t disturbances 
reduced to these low levels, re­
search has shown that the most 
succes ful techniq ue to eliminate 
the radiated noise is to laminar-

-, 

ize the nozzle wall boundary 
layers by using boundary-layer 
removal slots just upstream of 
the nozzle throat and properly 
tailored expansion nozzles with 
highly polished walls. The large 
circular manifold shown in the 
figure is connected to a vacuum 
sphere and is used to remove 
the nozzle inlet boundary layer 
through a series of 1-in.-diameter 
pipes. By the use of these tech­
niques, all disturbances have 
been practically eliminated in 
three different nozzles for Mach 
numbers of 3 and 3.5. 

Supersonic Free-Shear 
Layer Transition 

Free-shear layer transition 
at supersonic speeds is critical 
to scramj et combustor design 
and performance due to its 
strong influence on t he fuel/ air 
mixing process. The influence 
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Advances in Quiet Nozzle 
Development 

Transi t ion physics indication from pr esent experiment . 

Laminar nozzle-wall boundary 
layers are required for low­
disturbance wind tunnels to 
avoid the adverse effects of 
radiated noise on supersonic 
transition studies. The size of 
the quiet test core in the nozzle 
is a direct function of the length 
of laminar flow on the nozzle 
walls. New nozzle designs are 
required to maximize the length 
of the quiet test core for tests 
with large models. 

of free-stream disturbances 
on the location of transition 
in free-shear layers is not well 
known and the Supersonic 
Low-Disturbance Pilot Tunnel 
provides a unique test facility 
capable of varying the level 
of incident noise on a free­
shear layer generated by an aft­
facing, step-wedge combination, 
as shown in the figure. The 
adjacent surface downstream of 
the step simulates a geometry 
common in combustor design , 
and the downstream wedge is 
used to balance the pressure 
across the shear layer. 

Measurements of the transition 
process were made at Mach 3.5 
using both hot wires in the flow 
field and hot-film gauges on 
the cavity floor. The hot-wire 
data revealed that the incident 
free-stream noise had little or 
no infl uence on the location of 
transition in the free-shear layer. 
T he hot-film gauges indicated 
that the t ransition process was 
dominated by slow-moving, 
upstream-feed ing disturbances 
through the subsonic cavity 
region. The most amplified 
disturbances leading to transition 
of the shear layer were much 
lower than those predicted from 
linear stability theory. 

These results reveal t hat 
the free-shear layer t ransition 
process for cavity-type flows 
with turbulent reattachment 
downstream is dominated by 
upstream feeding disturbances , 
as illustrated by the figure. 
This process is an example of 
transit ion bypass and is not 
predicted by linear stability 
theory. 
(R. A. King, 45727) 

Boundary-

Current laminar-flow nozzles 
use upstream boundary-layer 
bleed to remove the oncoming 
turbulent boundary layer and a 
rapid downstream expansion that 
produces a strong favorable pres­
sure gradient to maintain laminar 
flow. Such nozzles are strongly 
inflected and generate Gortler 
vortices along the concave por­
tion of the nozzle walls. These 
vortices eventually lead to tran­
sition of the laminar boundary 
layer. A new concept based on 
linear stability theory has been 
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used to design slower expansion 
nozzles (Ie inflected) that re­
duce the growth of the Gi::irtler 
vortices, but still retain some 
of the favorable pressure gra­
dient effect that minimizes the 
growth of other disturbances. 
This new design technique has 
been verified by recent tests of 
a Mach 3.5 nozzle fabricated 
using th is method. The figure 
shows that the quiet test core 
for the new design is three times 
larger than that obtained wit h 
the rapid expansion design. 

T hese results provide full con­
firmation of the theory and pro­
vide confidence in the technique 
for new nozzle design . Signifi­
cantly larger , more complex mod­
els can now be tested under quiet 
conditions, thus allowing more 
detailed studies of the factors af­
fecting boundary-layer transition. 
(S. P . Wilkinson , 45733) 

162 Langley Aerospace Test Highlights- 1989 



ORIGINAL PAGE 
BLACK AND WHITE PHOTOGRAPJrl. 

Pyrotechnic Test Facility _ ______ _ 

The Pyrotechnic Test Facility 
(Building 1159) contains the 
Langley Research Center space 
simulation environmental and 
functional test equipment used 
for the handling and testing of 
small-scale potentially hazardous 
materials. This facility includes 
three test cells and a general­
purpose work area. 

The environmental test equip­
m ent includes a 2000 lbf vibra­
tion machine, a thermal-vacuum 
chamber, which is 35 in. in diam­
eter and 48 in. long and is capa­
ble of pressures to 1 x 10-7 torr 
at temperatures of - 32(f' F to 
+20(f' F, and a mechanical shock 
apparatus, which is capable of 
producing up to a 30,000 9 pulse 
for 0.2 ms. This facility also in­
cludes thermal chambers with a 
capabili ty of - 32(f' F to +60(f' F, 
a centrifuge with a capability of 
200 g 's, a 25,000-V electrostatic 
discharge apparatus, and a high­
pressure pump with a capabil­
ity of 40,000 lb/ in2 . The func­
tional test capabilities are pro­
grammable electrical firing cir­
cuits, measurements of accelera­
tion , force, pressure, and temper­
ature, and a variety of explosive 
performance moni toring systems. 
A high-frequency (40-kHz) ana­
log recording/playback system is 
used for dynamic measurements. 

The general-purpose open work 
area has a 30-ft by 60-ft floor 
space with a vertical working 
height of 35 ft. Two explosion­
proof pneumatic gantry cranes 
are available to handle the heav­
ier loads. The three reinforced 
concrete test cells are designed 
with lightweight external walls to 

relieve overpressures in an out­
board manner. These test cells 
serve three separate functions. 
Environmental testing is per­
form ed in cell one, and tempo­
rary storage of potentially haz­
ardous materials and test article 
assembly and checkout are per­
formed in cell two. Cell three 
is used for explosives func tional 
testing because this cell contains 
an exhaust fan , which is used for 
the purge of smoke or other caus­
tic products, and a mobile steel 
containment box, which is used 
for testing and m ay produce ex­
plosive fragm ents. 

Pyrotechnic Component 
Testing 

Langley Research Center has 
unique facilities for testing py­
rotechnic (explosive, propellant­
actuated) systems to determine 
functional performance and en­
vironmental stability and to ac­
complish research. Because py-

rotechnics contain potentially 
hazardous materials , these facil­
ities are designed to contain the 
total reaction under any test con­
dition. During 1989, three ma­
jor programs were conducted in 
these facilities. These programs 
include the Halogen Occultation 
Experiment (HALOE) pin puller 
failure investigation, Scout spin 
rocket motor service life exten­
sion, and ignitability test method 
development. 

Personnel in the HALOE pro­
gram, which utilizes two ASA 
Standard Initiator ( SI)-powered 
pin pullers to release telescope 
gimbals, became aware of two 
functional failures of similar pin 
pullers on the Magellan program. 
The Langley failure investigation 
quantified all functional aspects 
of the design, including the en­
ergy required to function the pin 
puller compared to the energy 
delivered by the NASA Standard 
Initiator. Several weaknesses 
were discovered in the basic de­
sign of the pin puller, as well as 
the S1. 
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Scout spin motor mounted on mechanical hock test machine. 

The Scout Project Office 
sponsored a program to extend 
the service of a 40-lb thrust 
solid rocket motor from 14.5 to 
20 years. Three motors with ages 
of 18.3 years each were ubjected 
to environmental tests that dupli­
cated t heir original qualification 
and test fired to provide the nec­
e ary ju t ification . The environ­
ments were electrical inspection, 
mechanical shock, vibration , and 
constant acceleration. 

The U.S. Air Force is sponsor­
ing a service life extension pro­
gram at Langley on the B-1B 
aircraft escape system pyrotech­
nic components. To quantify the 
effect of service, functional test 
methods are needed to compare 

the performance of all compo­
nents before and after service. 
Unfortunately, no test method 
existed to measure the output of 
percussion primers, the crit ical 
system ini t iat ion component. A 
unique test method was devel­
oped in which the output of the 
primer was directed into a bed of 
ignit ion material, while monitor­
ing how this material ignited and 
burned. 
(Laure nce J. B e m ent , 47084) 
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