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Aenmautics Directorate 
The Aeronautics Directorate is composed of 

approximately 300 scientists and engineers engaged 
in basic and applied research in the various aero- 
nautics disciplines. The directorate is organized into 
three research divisions. which conduct aeronautical 
research to advance the state of the art throughout 
the complete aerodynamic speed range. 

The Low-Speed Aerodynamics Division con- 
ducts research in the areas of basic fluid mechanics, 
low-speed aerodynamics. flight dynamics and flight 
management, aircraft operations. aviation safety, 
laminar flow control. and improved test meihods. 
The division develops and validates theoretical aero- 
dynamic methods for subsonic conditions and design 
methodology required to improve subsonic aero- 
dynamic performance, stalkspin behavior. handling 
qualities. and takeoff and landing performance. 

The Transonic Aerodynamics Division conducts 
research to advance the state of the art of transonic 
aircraft technology in the areas of fundamental aero- 
dynamics. with particular emphasis on Reynolds 
number effects. laminar-flow concepts. stability and 
control, performance analysis. configuration con- 
cepts, a i~d related aerodynamic phenomena. Particu- 
lar areas of emphasis include improving the efficiency 
and reducing the fuel consumption of conventional 
jet transports, developing the technology for ad- 
vanced military combat aircraft, developing theoreti- 
cal and analytical methods for predicting aerody- 
namic characteristics in separated and transonic 
flows, developing advanced airfoils for low-speed and 
transonic aircraft and helicopters. and developing 
advanced experimental techniques, including ad- 
vanced wall concepts. for transonic wind tunnels. 
cryogenic wind tunnel technolc,y. and magnetic sus- 
pension and balance systems. 

The High-Speed Aerodynamics Division con- 
ducts research to  advance the state of the art for 
supersonic aircraft, hypersonic aircraft. and missiles, 
and to support the development of high-performance 
military aircraft, advanced cruise and tactical mis- 
siles, the Space Shuttle, and follow-on advanced 
space transportation systems. New analytical meth- 
ods for design and analysis are derived and applied to 
advanced high-speed aircraft and missile concepts. 
Key experiments are conducted to validate the ana- 
lytical method;, explore the potential of adval1ced 
concepts, and provide a data base for use by industry 
design teams. Cor~ceptual designs for advanced high- 

speed vehicles are conceived and analyzed in order to 
determine the performance payoff from the applica- 
tion of advanced research results. 

Reyndds Number Effects on F-106B 
Aircraft Vortex System 

The purpose of this experiment was to use a 
vapor screen technique to determine the effect of 
Reynolds number on the vortex system generated 
from an F-106B aircraft. An onboard seeding system 
was developed to enable visualization of the vortex 
system without the interference of atmospheri: water 
vapor. Techniques for utilization of this system as well 
as the light sheet and video systems also develojxd 
were refined in the Langley 30- by @Foot Tunnel on 
a half-airplane model of the F-106. The general 
arrangement of the system componenls on the air- 
craft is shown in the figure. 

Two different types of maneuvers were per- 
formed in this flight program. 1-g constant altitude 
flight and 5-g spiral descent. Both types of night 
maneuvers showed that there were measurable Rey- 
nolds number effects on the vortex system details 
regarding core location and inner extent of the enve- 
lope. Reynolds number differences of only 7 x 106 for 
1-g flight were sufficient to cause the delay of leading- 
edge vortex formation on this round-edged cambered 
wing from 17" to 19 " angle of attack. (Note that lower 
Reynolds numbers occur at the higher altitudes.) 

Comparison of the 5-g transonic maneuver and 
I-g constant altitude flights at an angle of attbck of 19" 
at 25,000 ft showed that the transonic maneuver pro- 
duced a more inboard vortex system. 
(John E. Lama], 2601) 

(V~ewlng posltlon) 

Llght sheet - ' L~ght sheet 
footprlll' 

In-flight leading-edge vortex flow visualization 
on F-1068. 



Computational Method fw 

The availability of a new generation of s u p -  
computers. coupled with recent :dvances in nu- 
merical algorithms. has opened up the possibility of 
computing transonic viscous flows wer aircraft com- 
ponents of practical interest. Based on rece1.t experi- 
ence gained through twodimenslo ial viscous and 
three-dimensional inviscid flow c~lculations. a mul11- 
stage Runge-Kutta type time-stspprng scheme ap- 
pears to be quite attractive. An effort bas been 
initiated at Lr ngley to extend this scheme to solve 
threedimensional high Reynolds number VISCOUS 
flows. Reynolds averaged thin-layer Navier-Stokes 
(TLNS) equations are used to describe the basic flow 
field. and turbulence closure is provided via an eddy 
viscosity model. Since the main emphasis is to obtain 
steady-state solutions for adiabatic flows. conver- 
gence is accelerated by the use of locat time stepping 
and enthalpy damping. The computer code has been 
vectorized to achieve further computationa! effi- 
ciency. 

An isolated ONERA M6 wing was selected as a 
test case to check the accuracy of present solutims. 
The computed pressure distributions at 45- and 65- 
percent spanwise locations are shown here along with 
the experimental data. Both the inviscid and viscous 
solutions were obtained on the same surface n?esi~ 
with the same code. However. much finer normai 
spacing was employed in the viscous calculations to 
resolve extremely thin turbulent boundary layers 
developing on the wing surface. 

From the results shown here. it appears that 
although inviscid analysis can be used to pradki the 
surface pressures qualitatively. viscous analysis must 
be used to predict the correct shock h t i o n s  even at 
such small angles of attack. 
(Veer N. Vatsa, 2627) 

The phenomenon of vortex breakdwa has been 
known for some iime. Numerid sin?ulaticn bsed Jn 
steady axisymmetric Nitvier-Stokes equations is rri 

g o d  agrezment with experimental m-uits. There are. 
however, some t heoret tial investigations 0dWd on 
inviscid models. In this work. it is shown that the 
inviscid (Euler) equations admit solutions with a 
vortex breakdown structure qualitatively similar to 
that observed experimentally. A stream funciion for- 
mulation is used to reduce t he consenat ion of mass. 
momentum. a r~d  energy to a single second-order 
elliptic equation in the forin of a nonlinear eigenvalus 
problem. Two numerical algorithms arc adopted. In 
the first approach. the equation is discretized with 
central differences 011 a Cartesian grid. The resulting 
algebraic system of equations (with a free-swirl 
velocity parameter) is solved by a nultlgrid method 
that uses a standard relaxation procedure as a 
smoothing operator. The second approach is applica- 
ble. however. for any prescribed swirl veloci:~ param- 
eter and is based on a least-squares formtiiation. The 
same solution can beobtained with either method. A. 
expected. the multigrid calcuiation is. of course. 
more efficient . The numerical resu! ts clearly demon- 
strate the existence of soluticns with a closed region of 
recirculating flow. 
(M.D. Salas, 2627) 

Measured and predicted chordwise (x/c) wing pressures 
(C,)  at a = 3.06. Calculaied streamlines depicting recircu!ation bubb!e. 





the Navier-St& cock is sham in t k  figure on a 
scale d 0 to 5. It has a maximum ck~iation d 0. I 
about its mean value ovcr more than 70 perocnt d thc 
test section radius. This small variation was within 
the constraints imposed acl the final flow quality. 
G d a  EMMdw&, 3317l) 

Exit plane Mmh number prqlile in -1s c d e s i g d  
alternate Mach 5 nozzle@ Lung/? 8-Fm 
High- tempera^-^ T i l .  

A passive technique has been developed for flow 
separation cm!rczi in shock boundary layer intcrac- 
tions. Such interactions commonly occur in high- 
speed interna! and external flows. Impinging shock 
of sufficient strength can c a w  boundary layer sepa- 
ration and can semusly degrade the performance of 
components such as inlets. diffusers. combustors. 
and lifting surfaces. Most previous attempts to con- 
trd or eliminate the shock-induced separatim have 
involved active systems such as suction. blowing. or 
wall cooling. which result in increased weight and 
complexity. 

The present system uses a sharp plate parallel to 
the wall on u hich the original sh~ck boundary layer 
interaction is taking place. The contrd plate is placed 
so that !he interaction shock is intercepted and 
reflected by this small plate. and the original thick. 

easily separated bour.,iarj layer is thus protected 
from the severe pressure , radknt d the shock wave. 

Experimental data pertaining to this &vice were 
obtained in the 20-Inch Mach 6 Tunnel on a flat plate 
with a rurbuknt boundary layer intersected bj  a 22.7" 
shock (IS0 shock generator). The figure shows data 
obtairi from a control plate at a height of about one 
boundary layr t h i c k  off the wall. The prut r :  
rise mows from the separated case (no control plate) 
toward :he inviscid pressure distribution due to the 
contrd plate. Other data indicate that longer plates 
placed further from the surface are more effectisr. 
This may be simply the result of thc remaining distur- 
bance field beicg moved f u ~ h e r  from the original 
thick. easilj separated boundary laver Oil flow 
results indicated elimination of separation fcr some 
configurations. and numer;cal simulatnnrs have indi- 
cated that controi plates can eliminate separation 
even for laminar boundaq l a y s .  Tfiis research is 
especially applicable to optimization of supersonic 
inlets. 
(E Lea W e ,  3302) 

Eflect afcorttrol plare an pressure distrihu~~m 
(Pwall!Pstrrw)- 

Effect d Acoustic Excitatb oa Flaw Over 
Low RywlQ Number Airfoil 

Acoustic excitation has ken known to siFifi- 
cantly influence the performance of a low Reynolds 
number airfoil by affecting the laminzr separation 















































































































































































.: line rotorcraft noise prediction computer code on the 
Langlcy CDC computer system. The existing code is 

e xnitial attemp at aubiishing a compoter @ode 
rchitecture to predict full-system helicoprer noise. - The archttecture developed IS modular. allows for 

future expansion. employs standardized interfaces 
between modules. and is fully documented. 

3 The code structure is divided Into four parts: 
main and tail rotor blade description. rotor perform- 
ance. noise calculations. and noise propagation. The 

sdular archgtecture and documented interflces 
low noise predict~ons to he performed either by 

description of helicopter geometry or by direct 
pre-sentation of the data at performance or noise 
parameters. 

The figure shous the results of a comparison of 
code prediction with experimental main rotor tone 
oise measured from an Aerospatiak Dduphin 355C 
elicapter. The prediction and experimental data are 

I for the helicopter blade passtng frequency ulrh the 
helicopter flying directly over an observer at a speed 
of 130 knots and an alt~tude of 150 m. 

Work has heen tnitiated on a second-generation 
code that w i l i  account for higher harmonic blade 
loading and blade motion. nonunr form motor inflow. 
wake d~stortion. full-surface now prediction theory. 
and rotor broadband noise. 
(Robert '4. Coiub, -3842) 

research program In noise transmission of flat fiber- 
retnforced composite paneis. The theoretical ap- 
pmach uses modal decompsition to find t he xtlutton 
of the differen1t;tl quatron of motion for a spectaily 
onhotroprc plate ~ r t h  mode shapes that satisfj the 
srmply supported boundar) conditions. Experimen- 
tal modal panmeters are used ~n the prediction to 
bjpass the drfficulties of accurate description of the 
boundar?; conditions and material properttes of ti,: 
test articles. These modal parameters, frequency. 
damp~ng. and mode sham are extracted from fre- 
quency response data u t th an eight-channel corn- 
puter aided rest system. 

Incfuded in the study are cross-ply and angle-pi? 
panels of e~ther tape or fabnc construttion composed 
of fiberglass. graphite. or aramtd fibers embedded in 
epoxy resin. The predlctrons are compared u ~ t h  noise 
transmissron measurementsconductd in the tang& 
nolse transmission loss apparatus. Good agreement 
was obtained between theory and expenrnent. as ~ndi- 
cated in the f~gure. The importance of the modal 
response to transmission loss 1s partrcularlt apparent 
at the frequencies of the ftrst sewral odd-odd panel 
modes as determrned from the modal analyst\. These 
frequencies are rndicarsd in the figure b\ arrows u rth 
ctrcles enclosrng mods numbers. For ey ual crit~cal 
shear load. pdphite composite panels have a higher 
fundamental resonance frequent! than alum~num 
panels. C ros-gl! pards hate a Imer fundamen taI 
frequency than slm~lar panels with angle-pl! confrgu- 
rations. For the tests performed. the f l  ber orientat  on 
does not affect the normal mode khavior of panels 
composed of four laminae or more with a thickness of 
at least 1 mm. Applrcatron of these re.iults ma! help 
presert e the wgh t  sal tng adtantags of composrte 
materials when design~ng for low ~nterior veh~cte 
noise. 
fClemtns A. kve l l ,  3561) 
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creasing application of cornpsiie struct 
Is in airplane. helicopter, and space vehtcle 
as motivated an anal~tical and experimental 
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