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‘ Foreword

The mission of the NASA Langley Research Center is to increase the knowledge and capability
of the United States in a full range of aeronautics disciplines and in selected space disciplines.
This mission will be accomplished by performing innovative research relevant to national needs
and Agency goals, transferring technology to users in a timely manner, and providing development
support to other United States Government agencies, industry, and other NASA centers. This
report contains highlights of the major accomplishments and applications that have been made
during the past year. The highlights illustrate both the broad range of the research and technology
activities at NASA Langley Research Center and the contributions of this work toward maintaining
| United States leadership in aeronautics and space research. For further information about the report,

contact Dr. Richard W. Barnwell, Chief Scientist, Mail Stop 105-A, NASA Langley Research Center,
’ Hampton, Virginia 23665, (804) 865-3316.
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Richard H. Petersen
Director
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Availability Information

The NASA program office and the corresponding Agency-wide Research and Technology Ob-
jectives and Plans (RTOP) work breakdown structure are listed in the Contents for each research
and technology accomplishment. OAST designates the Office of Aeronautics and Space Technology;
OSSA designates the Office of Space Science and Applications; AA designates the Associate Admin-
istrator; OCE designates the Office of the Chief Engineer; OCP designates the Office of Commercial
Programs; OSF designates the Office of Space Flight; and OSS designates the Office of the Space
Station.

For additional information on any summary, contact the individual identified with the highlight.
This individual is generally either a member or a leader of the research group submitting the
highlight. Commercial telephone users may dial the listed extension preceded by (804) 865.
Telephone users with access to the Federal Telecommunications System (FTS) may dial the extension

preceded by 928.
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Aeronautics Directorate

The Aeronautics Directorate is composed of ap-
proximately 300 scientists and engineers engaged in
basic and applied research in the various aeronautics
disciplines. The directorate is organized into four re-
search divisions and a program office, which conduct
aeronautical research to advance the state of the art
throughout the complete aerodynamic speed range.

The Hypersonic Technology Office coordinates
broad-scope hypersonic vehicle research and technol-
ogy programs including those involving the National
Aero-Space Plane.

The Advanced Vehicles Division conducts mul-
tidisciplinary advanced aeronautical vehicle studies
to assess the benefits of discipline research advances
and to identify potential new research thrusts. In
particular, the vehicle classes of long-haul subsonic
and supersonic transports, advanced military air-
craft, and general-aviation and commuter aircraft are
addressed. The primary emphasis is on high-risk, far-
term application of integrated research results from
primary aeronautical disciplines.

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 methods.
The division develops and validates theoretical aero-
dynamic methods for subsonic conditions and de-
sign methodology required to improve subsonic aero-
dynamic performance, stall/spin behavior, handling
qualities, and takeoff and landing performance.

The Transonic Aerodynamics Division conducts
research to advance the state of the art of tran-
sonic aircraft technology in the areas of fundamental
aerodynamics, with particular emphasis on Reynolds
number effects, laminar-flow concepts, stability and
control, performance analysis, configuration con-
cepts, and 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 advanced
military combat aircraft, developing theoretical and
analytical methods for predicting aerodynamic char-
acteristics in separated and transonic flows, devel-
oping advanced airfoils for low-speed and transonic
aircraft and helicopters, and developing advanced ex-
perimental techniques, including advanced wall con-
cepts, for transonic wind tunnels, cryogenic wind

tunnel technology, and magnetic suspension and bal-
ance 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 an-
alytical methods, explore the potential of advanced
concepts, and provide a data base for use by industry
design teams.

Numerical Method for
Computing Transonic Flow
Over Wings in Wind Tunnel

A numerical scheme developed for computing
high Reynolds number viscous flow over isolated
wings in free air has been extended to simulate
flow over wings mounted inside a wind tunnel. A
multistage Runge-Kutta-type time-stepping scheme
is used for solving Reynolds-averaged, thin-layer
Navier-Stokes (TLNS) equations. At the present
time, boundary-layer growth on tunnel walls is ig-
nored, and flow tangency conditions are imposed at
the tunnel walls. Characteristic-type boundary con-
ditions are employed at the inflow boundary. At the
outflow boundary, pressure is specified, and the re-
maining flow variables are extrapolated from the in-
terior.

The accuracy and usefulness of this method
is checked by comparing the present results with
the free-air (i.e., ignoring existence of wind tunnel
walls) calculations and the experimental data for an
untapered swept NACA 0012 wing at a free-stream
Mach number of 0.825, an angle of attack of 2°, and
a chord Reynolds number of 8 x 108. The pressure
distributions (at a 50-percent spanwise location) for
this test case are shown in the figure. It is noted
that the predicted shock location based on free-air
calculations is approximately 15 percent upstream
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of its measured value on the upper surface of the
wing. By modeling the flow as an internal flow inside
the tunnel, however, the overall agreement with the
pressure data, in general, and the shock location, in
particular, improves significantly.

(Veer N. Vatsa, 2627)

® O Experimental data
Computations, tunnel walls included

~1.47 ~---_ Computations, tunnel walls ignored

Surface pressure distributions for NACA 0012 wing.

Multiple-Module
Scramjet Inlet Analysis

Work is currently under way to study the propul-
sion/airframe integration problem at high speed. As
a step in this direction, an experimental, as well as
analytical, program has been devised. The goal of
this program is to predict performance and inter-
actions of multiple scramjet inlet modules mounted
on a forebody. As shown in the first figure, the
model has three modules mounted on a flat plate
that simulates the forebody boundary layer. This
model will be tested over a range of Mach numbers,

angles of attack, and yaw angles. The experimen-
tal conditions will be numerically simulated using
a three-dimensional Navier-Stokes code, SCRAMIN.
The results from these calculations will be compared
against the experiment.

Preliminary calculations have been made at 0°
and small angles of attack and yaw for Mach 4 flow
conditions. A two-dimensional Navier-Stokes code is
used on the front flat plate to determine the flow
profiles at the face of the modules. These profiles are
then used as the inflow conditions for the SCRAMIN
code to analyze the flow in the modules. Sample
results at an angle of attack of 0° are presented in the
second figure, which shows the pressure contours and
velocity vectors in the vertical symmetry plane of one
of the modules. The pressure contours show a swept
shock structure caused by the swept compression
surfaces of the modules. The velocity vector plot
shows a significant downturn in flow direction ahead
of the cowl resulting in some flow spillage. This
downturn in the flow is caused by the sidewall sweep
and the interaction between the internal and external
flow due to the aft placement of the cowl on the
undersurface of the modules. Once the inlet flow
passes behind the cowl leading edge, it is turned back
parallel to the cowl plane. This turning results in a
shock on the upper side of the cowl and an expansion
on the underside of the cowl which can be seen clearly
in the pressure contour plot.

(Ajay Kumar, 3171)

<

Schematic of multiple-module scramgjet engine.
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from 0.9 to 1.1. The convergence rate is quadratic,
provided the initial conditions are good. For large
Reynolds number simulations, a continuation process
is used.

(Manuel D. Salas and Geojoe Kuruvila, 2627)

Pressure contours and velocity vector field in
symmetry plane. Grid is 61 x 91 x 61, geometric
contraction ratio ts 4.0, and angle of attack is (P.

Vortex Breakdown
Simulation by Direct Method

The phenomenon of vortex breakdown (an
abrupt change in the structure of the core of a
swirling flow) has been under investigation for more
than 30 years. An example of this phenomenon is
the breakdown of the vortex shed from the highly
swept leading edge of a delta wing. The effect of vor-
tex breakdown on the aerodynamics of the wing is
very important because it degrades the performance
of the wing.

In the past, several investigators have simulated
vortex breakdown using different iterative numerical
techniques. The performance of these algorithms
deteriorates rapidly beyond Reynolds number Re,
based on the vortex core radius, of 200.

In the present study, the incompressible, ax-
isymmetric, steady Navier-Stokes equations are writ-
ten using the stream-function-vorticity formulation.
The resulting equations are linearized and then
solved using an exact lower/upper (LU) decompo-
sition, Gaussian elimination, and Newton iteration.
Solutions are presented for Reynolds numbers rang-
ing from 600 to 1000 and swirl parameters V ranging

Calculated streamlines depicting recirculating
bubbles.

X-29 Computational Support

A cooperative effort with the Fluid and Flight
Mechanics Branch, Ames/Dryden Flight Research
Facility has been established to enhance the under-
standing of the unique aerodynamics of the X-29A
Advanced Technology Demonstrator. The approach
is to use advanced state-of-the-art transonic compu-
tational analysis techniques in conjunction with wind
tunnel and flight experimental data to investigate the
complex fluid mechanics and component interactions
of the forward-swept-wing aircraft.

A detailed computational model of the config-
uration has been defined for use in various analy-
sis codes. The model definition makes few compro-

3
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mises for the details of the aircraft geometry while
generating a model for which computationally valid
component mappings can be generated. An incre-
mental approach has been defined for the code cal-
ibration phase. The approach involves a systematic
buildup of the configuration components and code-
to-code and code-to-experiment comparisons. Re-
sults shown in the figure are comparisons of exper-
imental wing pressure distributions with computa-
tional predictions from a small-disturbance (TRO-
3D) and a full-potential (TAWFIVE) analysis code
for the wing/body configuration. These analyses al-
low the complete configuration to be analyzed with
significantly increased confidence and understanding
than if the complete configuration were analyzed ini-
tially.

(E. G. Waggoner, 2601)

O O Experiment
---- TRO-3D
TAWFIVE

o {\&
3
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Comparison of wind tunnel data and computational
results for X-29A wing and fuselage at Mach
number of 0.6 and angle of attack of 7.7°.

Three-Dimensional Design
Method for Transonic Wings

The application of advanced aerodynamic tech-
nologies, such as supercritical and natural laminar-
flow airfoils, to new or existing aircraft offers the po-
tential benefits of improved performance and lower
operating costs. Since both of these technologies de-
pend on generating specific types of pressure distri-
butions over the wing, an approach to aerodynamic
wing design is needed that can insure that a pre-
scribed pressure distribution will result.

A method for designing wings that generate
specified pressure distributions has been developed.
The approach involves the iterative interaction of a
design module with an existing aerodynamic analy-
sis code. The analysis code calculates the pressure
distribution for a given wing shape, then the design
module modifies the wing shape until the desired
pressure distribution is achieved. The modifications
to the wing geometry are determined by an algorithm
that relates increments in pressure coefficient to in-
crements in wing surface curvature and slope at a
given location.

Two pilot transonic wing design codes have been
created which employ this method. The first code
uses a full-potential analysis code, and the second
uses a small-disturbance code that includes static
aeroelastic wing deflections in the computations. De-
sign cases for forward- and aft-swept transport wings
and fighter wings having leading-edge sweeps as high
as 70° have been successfully run in these codes. Re-
sults from the design of an aft-swept supercritical
transport wing are shown in the figure. The tar-
get pressure coefficients were generated by running a
wing-fuselage configuration in the small-disturbance
code at a Mach number of 0.85 and an angle of at-
tack of 1°. An initial wing for the design process
was then created by replacing the supercritical air-
foils with NACA 0012 airfoils. The target, initial,
and final design pressure distributions for the wing
station shown indicate that, even though the initial
and target pressures are significantly different, the
design code was able to achieve the desired pressure
distribution.

(Richard L. Campbell and Leigh A. Smith,
2601)
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Transport wing design results.

F-14A VSTFE Wing Glove Design

An outer-panel glove has been designed and
tested in the National Transonic Facility (NTF) in
support of the F-14 Variable Sweep Transition Flight
Experiment (VSTFE). The objective of the flight
research is to obtain in-flight wing pressure and
boundary-layer data that will be used to develop a
reliable laminar-flow transition prediction method.
The approach to this flight experiment is to modify
the wing outer panel by gloving on a foam and fiber-
glass contour such that favorable pressure gradients
will be generated over a range of Mach numbers, wing
sweep angles, Reynolds numbers, and lift coefficients.
The glove contour was designed computationally us-
ing a combination of two- and three-dimensional po-
tential flow analysis and design techniques.

It was necessary to experimentally verify the de-
sign and to obtain performance data on the modified
configuration before modification of the actual air-
craft commenced. Experimental wing pressure dis-
tributions for the initial glove design are compared
with theoretical results from the TAWFIVE three-
dimensional transonic code (as shown in the figure).
The Mach number of 0.7 and the angle of attack
of 2.95° represent the high-altitude, level-flight de-
sign condition for the flight experiment. The anal-
ysis code was first run matching the experimental
angle of attack. While overall correlation was good,
the suction peak and the slight adverse pressure gra-
dient that occurs at the leading-edge inboard in the
experimental data were not predicted. Often, in com-
paring potential flow calculations with experimental
data, it is found that the codes underpredict the lift
levels and must be run at slightly elevated angles of
attack relative to the experiment. Additional calcu-
lations were made with the angle of attack increased
to 3.25°. These results more closely match the exper-
imental pressure levels and gradients near the leading
edge. The success of the design effort allowed minor
modifications to the inboard region of the glove to be
accomplished without the necessity of further exper-
imental verification.

(E. G. Waggoner, 2601)
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Comparison of theoretical and experimental pressure
distributions at Mach number of 0.7.
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Wind Tunnel Wall Effects
on Delta-Wing Flow Fields

The Free Vortex Sheet panel code has been
used to compute the effects of wind tunnel walls on
the flow field around delta wings. This effort was
initiated in support of planned wind tunnel tests
that are focused at generating laser velocimetry flow
measurements around delta wings for validation of
advanced aerodynamic computer codes. One such
effort involved the determination of a model size for
a 65° delta wing to be built and tested in the Low-
Turbulence Pressure Tunnel (LTPT). The goal was
to build as large a model as possible to increase
the resolution of the measurements yet have minimal
flow interference from the tunnel walls. A doublet-
panel description of the LTPT walls was constructed
around a similar description of the 65° delta wing
at the angles of attack. Three ratios of model-to-
tunnel span R were examined. The largest ratio,
Ry, = 0.667, corresponds to the size of an existing
wing to be tested in the National Transonic Facility
(NTF), while the other two ratios represent scaled
reductions.

An important result of the study was the devel-
opment of a higher-order wall correction method. As
with classic methodology, the higher-order method
produces an averaged wall-interference upflow correc-
tion angle that is superimposed with the wing angle
of attack. Application of the method results in ac-
ceptable corrections to the flow field as evidenced by
good agreement in upper-surface spanwise pressure
distributions between solutions for the wing confined
within the tunnel walls and the wing in free air but
corrected for wall effects. The good agreement was
present at angles of attack o of 15° and 30° for the
two smaller wings (R, = 0.444 and 0.5). For the
largest wing (R, = 0.667), differences were notice-
able at o = 30°. These differences indicate that this
size of wing is approaching an outer boundary where
the assumption of superposition breaks dowmn.
(Neal T. Frink, 2601)

Airfoil Designed for
High-Altitude, Long-Endurance
Remotely Piloted Vehicle

Currently, there is interest in the development
of high-altitude, long-endurance remotely piloted ve-
hicles for a number of proposed missions including
communications relaying, weather monitoring, and
providing targeting information for cruise missiles.
The preliminary design and sizing of such aircraft is
complicated, however, by the fact that data regard-
ing suitable airfoils are limited. This limitation is
due to the fact that such vehicles, unlike those for
which the majority of airfoils have been developed in
the past, operate at fairly high lift coefficients and at
relatively low Reynolds numbers. Thus, to provide
realistic airfoil performance information for prelimi-
nary design efforts, a generic airfoil has been designed
which is suited for use on aircraft with missions sim-
ilar to those noted.

The airfoil, designated the NLF(1)-1015, is un-
flapped and has a thickness of 15-percent chord. The
design Reynolds number range is 7 x 105 to 2 x 106.
Low drag is predicted for lift coefficients ranging from
0.4 (the lift coefficient providing high-speed dash
capability) to 1.5 (the maximum endurance design
condition). Further, the airfoil is designed specifi-
cally such that the maximum lift coefficient (approx-
imately 1.8) is unaffected by surface contamination.
Consequently, takeoff and landing in rain, or with in-
sect residue on the wings, should present no special
difficulties.

An experimental investigation has been con-
ducted in the Langley Low-Turbulence Pressure Tun-
nel to obtain the basic, low-speed, two-dimensional
aerodynamic characteristics of the airfoil. The re-
sults have been compared with predictions from
the Eppler Airfoil Design and Analysis Program as
shown in the figure.

Dan M. Somers and Mark D. Maughmer,
4516
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Comparison of theory and experiment for NLF(1)-
1015.

Experimental Calibration
of Incompressible and
Compressible Stability Theory

The accurate prediction of transition is essential
in the design of low-drag airfoils that depend upon
tools to model the boundary-layer characteristics or
stability modes correctly. Currently, the most widely
used and reliable prediction technique is the eN, or
N-factor, method which is based on linear stability
theory. The major objective is to calibrate this
semiempirical technique, for subsonic and transonic

speeds, which depends on transition correlation with
disturbance environment in tunnels or flight.

Experimental data have been recently obtained
on the upper surface of advanced swept and unswept
laminar-flow control (SCLFC(1)-0513) and natural
laminar-flow (NLF(1)-0414) airfoils in the Langley
Low-Turbulence Pressure Tunnel (LTPT), the 8-Foot
Transonic Pressure Tunnel (TPT), and Cessna 210
flight tests. The same measured surface pressure and
suction distributions in each case were input into
the SALLY incompressible code and COSAL code
for compressibility effects to calculate and compare
local disturbance growth rates and integrated am-
plification ratios (N-factors). Corresponding transi-
tion locations influenced by characteristic environ-
mental disturbances were compared with the calcu-
lated Tollmien-Schlichting (T-S) disturbance waves

7
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to arrive at transition N-factors (as shown in the fig-
ure) and are compared with other reference data ob-
tained using either the MACK or COSAL compress-
ible codes.

The incompressible N-factors fall within a band
between 10 to 12, while those from the compressible
codes vary significantly over the same speed range
and are about 50 percent lower at a Mach number
of approximately 0.8. The results indicate allowable
levels and trends for the same input data cases that
were generated using the envelope method of solution
in the SALLY and COSAL codes.

The consistency of the wind tunnel and flight
data and between different codes calibrates and ex-
tends the use of incompressible and compressible lin-
ear stability theory for design. However, the fact that
lower N-factor values were obtained for compressible
compared to incompressible codes implies that com-
pressibility is not conservative.

(William D. Harvey, 2631)

Unsteady Flow Simulations About
an Airfoil: Application to Model
Helicopter Blade With Active Control

An important design consideration for the ro-
tor and blades is to operate at high-lift conditions.
Ideally, in this situation, the boundary layer must
not separate; however, if the angle of attack is in-
creased sufficiently, separation is unavoidable. Using
flow control techniques, a number of benefits can be
envisioned, one of which is to improve lift and stall
characteristics.

Applications of active control both in the labo-
ratory and in numerical experiments have been per-
formed successfully. The present simulations are per-
formed about an R(6)-08 airfoil by numerically in-
tegrating the compressible two-dimensional Navier-
Stokes equations solver. Active control is simulated
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by local modification of the temperature boundary
condition over a narrow strip on the upper surface
of the airfoil (as shown in the figure). Results for
laminar and for turbulent separation show significant
increase in lift and reduction in drag with increasing
angle of attack. Both mean and perturbed profiles
are favorably altered when excited with the same
natural frequency by moderate surface heating for
both laminar and turbulent separation. Shear layer
is found to be very sensitive to localized surface heat-
ing in the vicinity of the separation point. The figure
shows the variation of the lift and drag coeflicients
Cp,, Cp for turbulent separation at a Reynolds num-
ber of 5.2x 108 and a Mach number of 0.35. The exci-
tation field at the surface sufficiently alters both the
local as well as the global circulation and therefore
causes an increase in lift and reduction in drag.

(Lucio Maestrello and Forooz F. Badavi, 2631)

Novel Approach to Detection
of Laminar Separation
and Reattachment

A chronic need has existed in wind tunnel and
flight test applications to develop a simple and reli-
able technique to accurately determine regions of flow
separation and reattachment and transition from
laminar to turbulent flow. The development of mul-
tielement hot-film sensors has made it possible to ac-
curately detect laminar, transitional, and turbulent
boundary layers. However, when laminar separation
takes place, the shear layer in the neighborhood of
the separation “point” is laminar upstream as well
as downstream. The signals from different surface
films located in this region look indistinguishable.
Furthermore, when hot-film signals indicate transi-
tion and turbulence, it is not possible to conclude
whether these changes have occurred in a boundary
layer or within a separation bubble.

A major breakthrough has been achieved re-
cently with the discovery of phase reversal in low-
frequency dynamic shear stress signals across regions
of flow separation and reattachment. This phase re-
versal has made it possible not only to map laminar,
transitional, and turbulent flow regions, but also to
simultaneously locate flow separation and reattach-
ment (when present). The time history of signals
from hot films in the neighborhood of separation is
shown in the figure. These signals were obtained by

increasing the gain to retrieve information from lam-
inar shear stress signals that were otherwise indistin-
guishable. Separation is indicated both by the low
amplitude of dynamic shear stress (z/c ~ 0.65) and
by the phase reversal across the separation (points
A and B). Similar results were obtained at reattach-
ment when the high-frequency signals were filtered
out.

The multielement sensor can be used for the
diagnostics of complex steady and unsteady flow
structures such as shock boundary-layer interaction
and buffet. The technique has significant potential
for wind tunnel and flight test applications with great
savings in time and effort.

(John P. Stack and Siva M. Mangalam, 2631)
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Time history of signals from films in neighborhood
of laminar separation.

Wall Interference
Assessment/Correction
of Transonic Airfoil Data

From Adaptive Wall Tunnel

Wind tunnel wall interference effects on tran-
sonic airfoil tests arise from top and bottom wall con-
finement of the model flow field and viscous and invis-
cid interactions near the model and tunnel sidewall

9
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juncture. Reliable and robust means to eliminate
and correct for these effects are required. Ventilated-
and adaptive-wall transonic test sections are used
to reduce or minimize aspects of the wall interfer-
ence; useful corrections for residual interference ef-
fects can often be obtained from a wall interfer-
ence assessment /correction (WIAC) code. For airfoil
tests, Kemp’s WIAC code TWINTN4 models the in-
tunnel flow field at the measured flow conditions with
model and wall pressures prescribed to determine an
effective shape and then finds a corresponding free-
air flow at corrected flow conditions. This code, orig-
inally developed for ventilated-wall tunnels, has been
modified to account for shaped solid top and bottom
walls. The modified WIAC code was then applied
to the first airfoil data from the new 13- by 13-in.
adaptive wall test section of the 0.3-Meter Transonic
Cryogenic Tunnel (0.3-Meter TCT). A comparison of
results from two sizes of an NACA 0012 airfoil serves
to validate the procedure.

An example of the WIAC application to this
NACA 0012 data from the 13- by 13-in. test section
is shown in the figure. The data were taken during
adaptation sequences with wall shapes ranging from
nominally straight to fully adapted contours. The
nominal tunnel flow conditions were approximately
a Mach number of 0.65, an angle of attack of 2°, and
a chord Reynolds number of 9 x 108, The various un-
corrected lift coefficients at the same nominal angle
of attack signify a range of wall interference effects
for the seven different model and tunnel configura-
tions. Open symbols denote the uncorrected data
(circles represent a 6.5-in. model and squares a 13-
in. model). The WIAC corrected data are denoted
by filled symbols (circles represent the 6.5-in. model
and squares the 13-in. model). Corrections to lift
curve data appear primarily as changes in the angle
of attack. To a lesser degree, the corrections appear
as a change in the lift coefficient due to renormaliza-
tion at the corrected Mach number. There is good
correlation among the two sets of WIAC-corrected
data and the curve calculated using the Swanson-
Turkel two-dimensional, free-air Navier-Stokes code.
The largest corrections are, as expected, obtained for
the least-adapted wall points, although small cor-
rections are obtained even for the best adapted wall
points, clustered around a lift coefficient Cp of ap-
proximately 0.28. The corrections improve the cor-
relation among these sets of NACA 0012 data which
contained different wall interference effects at the

10

same nominal flow conditions. Similar improvements
in correlation of WIAC-corrected data have also been
seen in the drag rise characteristics for these models;
drag rise curves more clearly illustrate the effects of
the Mach number corrections.

(Lawrence L. Green and Perry A. Newman,
2627)
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Lift coefficient versus angle of attack for NACA
0012 airfoil in partially adapted wind tunnel. Data
are for 18- by 13-in. adaptive wall, 0.8-Meter TCT
with My ~ 0.65, ap ~ 2°, and Re, = 9 x 108.

Laminar Breakdown
of Boundary Layers

Detailed understanding of the underlying mech-
anisms that govern the transition of a fluid as it
evolves from a laminar to a turbulent state has been
an outstanding problem in the research community
for the last several decades. With the advent of large
supercomputers, it has become possible to directly
simulate the beginning stages of the transition pro-
cess, called laminar breakdown, of an incompressible
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wall-bounded flow (in this case, water). This simu-
lation is done by solving the governing equations for
fluids (the Navier-Stokes equations) with no approx-
imations.

The upper part of the figure shows the result
of one such simulation and the comparison against
an experiment performed more than 20 years ago.
Hydrogen bubbles are released periodically from a
wire placed normal to the plate and are convected
with the fluid. The rollup of the hydrogen bubble
lines is directly related to the laminar breakdown of
the boundary layer. The bottom part of the figure
is obtained from a direct numerical simulation and
shows the same characteristics. This simulation was
performed on a discrete grid of over 4 x 10® nodes.
With the confidence gained from this validation of
the numerical algorithms developed over the past
several years, researchers can now devise diagnostic
tools that were inaccessible to the experimentalist
and can shed some new light on many remaining
unresolved issues.

(G. Erlebacher, T. A. Zang, and M. Y. Hus-
saini, 3171)

Experimental

— ]

Numerical

Ezxperimental and numerical visualization of lama-
nar breakdown in incompressible flow.

Liquid Crystals for Boundary-Layer
Flow Visualization

A new method for boundary-layer flow visualiza-
tion in aerodynamic and hydrodynamic testing has
been developed. This technique is based on the abil-
ity of liquid crystals to change color in response to
changes in shear stress and temperature. Although
the liquid crystals appear as oily liquids, they have
certain mechanical properties that are analogous to
solid crystals. In particular, liquid crystals scatter
light very selectively. Thus, when the liquid crystals
are subjected to certain physical influences (primar-
ily shear stress and temperature), the wavelength of
reflected light changes accordingly. Since the fun-
damental chemical structure is unaffected by these
changes, a liquid-crystal coating will respond quickly
and repeatedly to the physical changes.

Turbulent wedge

Roughness particle

Transition front

L-86-1401

Boundary-layer transition visualization using liquid
crystals on Lear 28/29 airplane winglet.

A liquid-crystal coating is formulated for a par-
ticular application to change colors in response to
differences in relative shear stress within the temper-
ature environment of the test article. These formu-
lations can be made to respond at test conditions
as low as —22°F and up to 480°F. Liquid crystals
have been used to visualize the boundary layer in
flight at speeds up to Mach 0.8 and altitudes up

11
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to 48,000 ft using a Lear 28/29. The photograph
shows the boundary-layer transition location on the
winglet as a change from dark to light. The higher
shear stresses associated with the turbulent bound-
ary layer downstream of transition produced brighter
colors (color figure is available from the author). Lig-
uid crystals have also been used in wind tunnels at
dynamic pressures as low as 5 Ib/ft2. Another suc-
cessful application of the liquid-crystal technique has
been on surfaces tested under water. In addition to
visualization of boundary-layer transition locations
and modes, liquid crystals have been used to ob-
serve other aerodynamic phenomena such as shock
locations, laminar separation bubbles, and separated
flows.

(Clifford J. Obara, 3274)

Design of Natural
Laminar-Flow Fuselages

Recent technological advances in airplane con-
struction techniques and materials have paved the
way for the production of smooth aerodynamic sur-
faces permitting long runs of natural laminar flow
(NLF). These advances lead to excellent opportuni-
ties for reducing the drag of airplanes by increasing
the extent of NLF on all airframe surfaces including
fuselages. However, until recently no validated com-
putational tools have been developed for the design
of nonaxisymmetric laminar bodies.

A simplified computational procedure has been
developed to design nonaxisymmetric subsonic NLF
fuselage shapes with minimum drag. The process of

R, = 40.86 x 10° f = 6.14
Granville transition criterion
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Body shape optimization procedure. Ry is length of Reynolds number, fr is ratio of length to mazimum thick-
ness, Cp 13 pressure coefficient, z/€ is body ordinate, and z /¢ 1s nondimensional axial distance.
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designing efficient nonaxisymmetric shapes is illus-
trated by an example in the figure. An axisymmetric
fuselage shape is obtained by starting the analysis
using the same thickness distribution and fineness ra-
tio as for the initial nonaxisymmetric fuselage shape.
This simplifying approximation allows the influence
of body shape changes on transition to be estimated
using very efficient computation of boundary-layer
parameters. The design program consists of an op-
timizer, an aerodynamics analyzer, a boundary-layer
transition predictor (a Granville transition criterion),
and a drag estimator. The axisymmetric body can
be described by a very small number of design pa-
rameters. Boundary-layer transition length or drag
is chosen as the objective function. In the design pro-
gram, the objective function is optimized subject to
certain geometric and aerodynamic constraints cho-
sen to generate realistic and practical designs. Con-
verged design variables representing an optimized ax-
isymmetric fuselage shape for large extents of NLF
are derived. The “optimized” nonaxisymmetric fuse-
lage shape is then constructed by superimposing the
camber distribution on the optimized axisymmetric
shape. The “optimized” nonaxisymmetric fuselage
will have a larger amount of natural laminar flow
than the initial nonaxisymmetric shape. The com-
putational design procedure described is efficient and
economical in comparison to the methods in which
the nonaxisymmetric fuselage shape is described di-
rectly by a very large number of design variables. As
more advanced three-dimensional codes and data be-
come available, the accuracy of this simplified design
method will be evaluated.

(S. S. Dodbele, 3274)

Full-Scale Semispan Tests of
Natural Laminar-Flow Airfoil

Tests of a full-scale semispan model were con-
ducted in the Langley 30- by 60-Foot Tunnel to study
the low-speed high-lift characteristics of a three-
dimensional wing using the HS-NLF-0213 airfoil sec-
tion. The test setup is shown in the figure. The tests
were conducted at a Reynolds number of 3.7 x 106
based on the wing mean aerodynamic chord and over
an angle-of-attack range from -10° to 30°. A slotted

28-percent chord flap that extended from the wing
root to a span location of 2y/b = 0.79 was the high-
lift device used for these tests.

A Cyp . of 1.4 was achieved with the flap un-
deflected, and a Cp, . of 2.6 was achieved with the
flap deflected 40°. The net result of having a sig-
nificant amount of laminar flow for drag reduction
was illustrated by fixing the boundary-layer transi-
tion at a chord station near the leading edge of the
wing. With transition fixed at z/c = 0.05 on both the
upper and lower surfaces, an increase in drag coeffi-
cient Cp of 0.003 was obtained at a lift coefficient C7,
of 0.27. Data from two-dimensional tests indicate an
increase in Cp of 0.004 for similar conditions. Data
on the effect of boundary-layer transition on the lift
characteristics showed a slight loss in lift near Cp,_ .
for this airfoil. This reduction in Cp,, however, is
small, and its effect on performance would be min-
imal. These results indicate that the high-lift char-
acteristics of the HS-NLF-0213 airfoil are generally
representative of those of more conventional airfoils,
and this maximum lift capability is adequate to sat-
isfy the landing requirements of advanced transport
and commuter designs.

(David E. Hahne and Frank L. Jordan, Jr.,
2184)

L-87-00300

Large-scale semispan natural laminar-flow airfoul
model.
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Light Airplane Spin Resistance

A complementary program of wind tunnel model
testing and airplane flight testing is developing means
to improve the safety of light airplanes through im-
proved stall departure and spin resistance charac-
teristics. Leading-edge modifications have been de-
veloped to improve the high-angle-of-attack aerody-
namic characteristics of wings for improved lateral
stability and enhanced spin resistance. Aircraft man-
ufacturers have begun applying this technology to
both new and existing airplanes. The Schweizer Air-
craft Corporation has added leading-edge modifica-
tions to their SA2037A surveillance airplane for im-
proved controllability at low speeds. Both the 2-
place DeVore Aviation Corporation Sunbird and the
10-passenger OMAC, Inc. Laser 300 are incorporat-
ing this technology for improved high-angle-of-attack
characteristics.

Researchers at Langley Research Center are as-
sisting the General Aviation Manufacturers Associa-
tion (GAMA) and the Federal Aviation Administra-
tion (FAA) in the development of criteria for certifi-
cation of spin-resistant airplanes. To aid in the val-
idation of the criteria, two representative light air-
planes were tested against the criteria. Both ba-
sic wing configurations and modified wing leading-
edge configurations for enhanced spin resistance were
tested. Failure of the basic configurations to meet the

Modified outboard leading edge.
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spin resistance criteria and ability of the modified-
wing configurations to meet the criteria showed that
the criteria contain a recognizable increase in spin
resistance beyond that of current airplanes and that
the criteria are achievable. Both DeVore Aviation
Corporation and OMAC, Inc. have received permis-
sion from the FAA to certify their airplanes using the
spin-resistant criteria.

Research is continuing to refine the spin-resistant
wing design. and at the request of both the FAA and
industry, selected pilots are being familiarized with
spin-resistant characteristics using one of the NASA
spin resistance research airplanes.

(H. Paul Stough, III, 3274)

Study of Leeside Flows Over
Conically Cambered Delta
Wings at Supersonic Speeds

It is necessary to understand the flow that exists
about a wing before significant improvements in aero-
dynamic performance can be achieved. One area in
which a small amount of data exists is wing leading-
edge vortex flow at supersonic speeds. To address
this need, a flow visualization study has been con-
ducted on a series of conically cambered delta wings
to determine the feasibility of extending the vortex
flap design concept to supersonic speeds.

The test models are a series of delta wings which
vary in leading-edge camber only. Wing camber
is achieved by deflecting the outboard 30-percent
section of the local wing semispan for a reference
75° sweep flat delta wing. The four wing models
have leading-edge deflection angles 6 of 0°, 5°, 10°,
and 15°, measured streamwise. Vapor screen, oil-
flow, and tuft-flow visualization results were obtained
for Mach numbers M of 1.7, 2.0, 2.4, and 2.8 over an
angle-of-attack range a of 0° to 20°. Analysis of
the flow visualization data identified five distinctive
leeside flow types that may be characterized in terms
of 6 and a as shown in the figure. The five flow
types shown comprise various forms of leading-edge
and hinge line separation. The single cross-hatched
area corresponds to the condition of leading-edge
separation residing on the deflected leading edge with
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reattachment prior to the hinge line. The area to
I the right of the cross-hatched area is the condition
‘ in which the leading-edge separation (vortex) has
15r migrated inboard over the hinge line.
Hinge line Leading-edge (Richard M. Wood, 3181)
separation SeDgE?;lOﬂ
10
GO Y B A
hinge line separation
Sk \ \ﬁ\ m Leodmg-ed?e separation on . ”
NN fderiecten Treaing euge Investigation of Separated
W S i Flows Over Forebody-Cambered
0 4 8 12 16 20 Strake at Mach 1.80
o, deg
An experimental and computational investiga-
tion of the separated flow over a fighter-type forebody
Typical leeside flow characteristics of vortex flap with a cambered strake has been conducted. Ex-
concept. tensive surface-pressure, vapor-screen, oil-flow, and

Experiment
M =V -4
~— NCOREL (full pot)

Forebody-strake flow field study at subsonic speeds.
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force data were obtained to validate the compu-
tational methods at Mach 1.80 across an angle-of-
attack range of 0° to 13°. A full-potential and an
Euler solver were evaluated across the entire angle-
of-attack range.

The high angle-of-attack flow field is clearly
shown by the vapor-screen photograph at a Mach
number M of 1.80 and an angle of attack « of 13.3°.
The vapor-screen photograph, which was taken near
the trailing edge of the test article, indicates the pres-
ence of a large vortex above the strake and a pair of
vortices above the forebody. An embedded flow field
shock is located above the strake vortex. The experi-
mental oil-flow and vapor-screen data show that this
embedded shock formed aft of the canopy and moved
outboard over the strake as the trailing edge was ap-
proached. This embedded shock apparently induced
the vortex above the forebody.

The full-potential (NCOREL code) and Euler
methods accurately predict the spanwise pressure
data on the lower surface where the flow remains
attached. The close agreement between these two
solutions indicates that entropy losses through the
bow shock are small for this flow condition. As
expected, the full-potential method does not predict
the vortices since the full-potential equation does not
contain rotational terms. However, the leading-edge
vortex flow above the strake is predicted by the Euler
solver through an interaction of numerical artificial
viscosity with the nearly sharp leading edge of the
strake. Inboard of the strake on the forebody, both
methods correctly predict the surface pressures and
the embedded shock, which can be seen at n ~ 0.4
for r = 22.5 in. and z = 30.0 in. (where n is the
nondimensionalized spanwise ordinate and z is the
longitudinal distance from the nose).

(James L. Pittman, 4004)

Passive Venting System
for Reducing Cavity Drag

Existing data available in the literature have
shown that at supersonic speeds the drag of rect-
angular cavities increases substantially as the cavity

16

flow field switches from open to closed at a length-
to-height [/h ratio of approximately 12. An experi-
mental investigation was conducted to determine the
effectiveness of a passive venting system for reducing
this drag increase.

Porous floor

Porous floor cavity flow field sketch.

As shown in the first figure, the concept employs
a porous floor over a vent chamber that will permit
the high-pressure air at the rear of the cavity to
vent to the low-pressure region at the front of the
cavity. A wind tunnel test of this concept was
conducted at Mach numbers of 1.60, 1.90, 2.186,
and 2.86 and at a Reynolds number of 2 x 106, The
wind tunnel model consisted of a flat plate, cavity
pallet, and balance. The cavity pallet was mounted
on a one-component (axial force) balance such that
only the drag of the cavity was measured. The porous
floor contained approximately 3,370 holes of 0.025 in.
diameter which resulted in a porosity of 11.2 percent
based on the total floor area. Both solid and porous
floor configurations were tested.

M =286

< Solid floor
O Porous toor (¢ = 0.30) 3//0’

<o © Porous floor (d = 0.15)

Effect of porosity on cavity drag.
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The solid floor cavity drag data show the typ-
ical large drag increase at I/h of approximately 12,
whereas the porous floor data show the elimination of
this drag increase. Varying the vent chamber height
d had no effect on the porous floor cavity drag for
[/h of less than approximately 12 and had a minimal
effect for I/h of greater than approximately 12.
(Floyd J. Wilcox, 4010)

Equivalent Forebody Concept
for Supersonic Speeds

An investigation was conducted to develop a
method for generating a simple faired forebody that

Forebody with inlets
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would produce an influence on the wing equivalent to
that of a forebody with flowing inlets. The approach
was to use the PAN-AIR linear-theory panel code to
design an equivalent forebody that would produce
the same PAN-AIR predicted flow field disturbances
as produced by the forebody with the flowing inlets.
This concept was validated for a generic fighter con-
figuration in the Langley Unitary Plan Wind Tunnel.
The successful validation of this concept could also
make it possible to use much simpler and less costly
equivalent forebody models in wind tunnel tests that
are directed primarily at studying wing aerodynam-
ics.

As shown in the figure, the experimental valida-
tion was conducted by measuring wing pressures for
a model configured with an equivalent forebody. At

Faired inlet forebody

Pressure distribution comparison
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Equivalent forebody for supersonic speeds.
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the design conditions of M = 1.80 and Cy, = 0.3, the
agreement between the two pressure distributions is
excellent; data at the off-design conditions are being
analyzed to determine the range in applicability of
this particular equivalent forebody.

(Davy A. Haynes, 4008)

Wing Tip Vortex Turbine
for Transport Aircraft

A wind tunnel investigation has been conducted
in the 14- by 22-Foot Subsonic Tunnel to determine
the location and strength of the wing tip vortex on a
/g-scale model of a Boeing 737 transport configura-
tion. The tests are part of a program to investigate
the feasibility of using a wing-tip-mounted turbine to
extract energy from the strong tip vortex. An exist-
ing Boeing 737 wind tunnel model was modified to
simulate the turbine on the right wing. The wing tip
flow field was measured with a survey rake mounted
on a traverse mechanism to determine the position of
the vortex relative to the wing at cruise angles of at-
tack. A scaled wing tip turbine, also mounted on the
traverse mechanism, measured rotational strength of
the vortex.

Tests were conducted at a free-stream dynamic
pressure of 30 Ibf/ft? at angles of attack of 0°, 2°,
and 4°. The rake that had 2-in. spacing between
probes and the tip turbine are positioned in 0.5-
in. increments from 8 in. below to 8 in. above the
wing tip at several downstream locations.

The data indicate an increase in velocity associ-
ated with the installation of the vortex turbine na-
celle (without turbine blades) when compared to the
basic wing tip. These data also indicate that the
vortex center is located approximately 2 in. (model
scale) above the basic wing tip and only 1 in. above
when the turbine nacelle is installed.

The vortex turbine blades were positioned be-
hind the turbine nacelle, and a maximum rpm of 750
was measured at the location corresponding to the
vortex center. This rotation decreased and ceased at
one blade radius (4.5 in. model scale) above or below
the vortex center indicating no rotational flow away
from the vortex. These results will play an important
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part in the flight turbine blade design and the posi-
tion of the turbine at the wing tip of the Boeing 737
for maximum vortex energy recovery.

(John W. Paulson, Jr. and Claude C. Patter-
son, 4812)

Velocity profile

( B-737 model

Above wing

j \Vor(ex rotation
/f/ v

‘ Below wing

'
<

Tip turbine body

Boeing 737 test setup and tip vortex velocity profile.

Dynamic Stall Effects on
Aircraft Configurations

Effective high-angle-of-attack maneuvering is be-
coming increasingly important in modern air combat.
Current fighter aircraft design trends include the ca-
pability to perform controlled transient maneuvers at
high angles of attack including excursions into post-
stall conditions. At present, understanding of the
very complex flow phenomena that occur at these
flight conditions is limited. A research program is un-
der way to further understand unsteady flow charac-
teristics for aircraft undergoing large-amplitude mo-
tions at high angles of attack.

As a first step in the research program, a 70°
delta wing has been tested in the Langley 12-Foot
Low-Speed Wind Tunnel. The model, shown in the
first figure, was oscillated in pitch at various frequen-
cies and tunnel speeds. Conventional six-component
force-and-moment measurements were obtained dur-
ing model oscillation. Smoke flow visualization was
utilized to gain insight into the flow mechanisms in-
volved.
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Test results have shown large effects of pitch
rate on aerodynamic coefficients even at very low fre-
quencies of oscillation. Lift and drag overshoots and
hysteresis loops were observed which closely follow
trends observed for two-dimensional airfoils undergo-
ing pitch oscillations. The second figure shows a drag
polar of the delta wing at frequencies of oscillation
compared with static data. The oscillating frequency
is reduced to nondimensional form through the rela-
tion K = w¢/2V where w is the oscillating frequency
in radians per second, ¢ is the mean aerodynamic
chord in feet, and V is the free-stream velocity in
feet per second. The effect of pitch rate is to extend
the drag polar curve beyond the static values. An
increase of pitch rate gives a corresponding increase
in maximum lift. As the model starts pitching down,
the hysteresis loop adds a significant increment of
drag at a given lift coeflicient. These observed ef-
fects were seen to be related to a lag in the vortex
development/burst cycle as the model was oscillated.
(Jay M. Brandon and Gautam H. Shah, 2184)
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Effect of reduced frequency on Cp, versus Cp.

High-Angle-of-Attack Drop
Model Research on X-29

A 22-percent scale model of the forward-swept-
wing X-29 configuration is being tested at the Lang-
ley Research Center Plum Tree Island Drop Facility
to explore the high-angle-of-attack flight characteris-
tics and to develop and evaluate high-angle-of-attack
control law concepts for application to the full-scale
test aircraft.

The free-flying tests are conducted by dropping
the unpowered model from a helicopter at an altitude
of 6000 ft. The X-29 model mounted to the helicopter
is shown in the first figure. Specific test flight
maneuvers are conducted down to about 2000 ft,
and the recovery parachute is deployed at 600 ft.
The model is controlled by a pilot at a ground
station using information provided by a video image
of the model and conventional flight instruments.
Stability and control augmentation is implemented
on a ground-based computer and combined with
pilot commands and control surface inputs that are
transmitted to the model.

19



Aeronautics Directorate

ORIGINAL PAGE ¥

OFE POOR QUALITY

Test flights designed to assess the flying qual-
ities using the control laws currently implemented
on the full-scale aircraft show that the configuration
is susceptible to a large-amplitude oscillatory lateral
instability called wing-rock. As shown in the second
figure, the instability begins just above an angle of

L-87-03588
X-29 drop model mounted on helicopter.
Roll departure
Large ASSNRNY
Basic X-29
Wing-rock With wing»'rock
amplitude suppression
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Effect of control law modifications on wing-rock
motions.

20

attack of 20° and grows in severity with increasing
angle of attack until the configuration experiences a
snap roll departure. A wing-rock suppression con-
trol law scheme, using a high authority high gain roll
damper, was developed on a computer simulation of
the X-29 and was subsequently tested with the drop
model. The results of the flight tests indicate that the
wing-rock suppression scheme significantly reduced
the severity of the dynamic instability. Incorporating
a scheme of this nature in the full-scale aircraft will
result in considerably improved handling qualities.
Other areas of the high-angle-of-attack flight regime
are being addressed and include departure and spin
susceptibility, spin prevention, and enhanced maneu-
verability. The overall drop-model test effort is fo-
cused on producing a safe yet effective operation in
the stall and poststall flight regimes.

(Mark A. Croom, 2184)

Navier-Stokes Predictions of
Multifunction Nozzle Flows

Increased mission requirements for tactical air-
craft have given rise to the consideration of multi-
function nozzles to provide both thrust vectoring and
reversing for enhancement of aircraft maneuver, at-
titude control, and takeoff and landing performance.
Inherent in this general class of nozzles is the large
number of design options available to the designer.
Very often nonconventional nonaxisymmetric nozzle
designs result, and they require extensive testing and
analysis. Advances in computational fluid dynam-
ics have produced a number of tools that have the
potential to provide the nozzle designer with aid in
screening multifunction nozzle designs.

One such tool is a two-dimensional, time-
dependent Navier-Stokes code, TRV, which has been
developed by Imlay for predicting flows in nozzles
with thrust vectoring and reversing. This code is
based on the implicit, finite-volume method of Mac-
Cormack. Comparisons of predictions with exper-
iments have shown that, for a wide range of noz-
zle configurations, the code can accurately predict
both the flow fields and performance for nonaxisym-
metric nozzles where the flow is predominantly two-
dimensional in nature. Both pressure distributions
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and performance parameters have been shown to
agree well in most cases at nozzle pressure ratios at
or above the design values. Discrepancies can occur
at low nozzle pressure ratios where flow separation is
present.

A sample of the results obtained on a vector-
ing two-dimensional convergent-divergent (2-D/C-D)
nozzle with aft flap is shown in the figure. The resul-
tant thrust ratio (nozzle efficiency Fr/F;) is shown
as a function of nozzle vector angle. The comparison
between theory and experiment indicates that the
code did a reasonably good job in predicting both
the levels and trends.

(R. G. Wilmoth, 4953 and L. D. Leavitt, 2674)
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Ezperimental and analytical comparisons of re-
sultant thrust ratio versus nozzle vector angle for
2-D/C-D nozzle with aft flap.

Nozzle Post-Exit Vanes for
Multiaxis Thrust Vectoring

Modern air combat requires the aircraft to ma-
neuver effectively at high-angle-of-attack conditions.
However, the angle-of-attack envelope of current
fighters is limited by a combination of degraded sta-
bility characteristics and inadequate control effec-
tiveness. One promising means to provide large con-
trol moments that are not dependent on angle of at-
tack and dynamic pressure, as are aerodynamic con-
trols, is vectoring the engine exhaust. One concept
that can provide control moments in both the pitch
and yaw planes involves the use of exhaust deflec-
tion vanes mounted externally aft of the nozzle exit
(post-exit vanes). A static (no external flow) test has
been conducted over a nozzle pressure ratio range
from 1.6 to 6.0 to determine the performance of an
axisymmetric nozzle with the post-exit vane concept
installed. The effects of vane curvature, vane loca-
tion relative to the nozzle exit, number of vanes (a
four-vane configuration is shown in the figure), and
vane deflection angle were determined.

The results of this investigation indicate that
the thrust-vectoring capability of some of the post-
exit vane configurations was competitive with other
thrust-vectoring concepts. However, all of the post-
exit vane configurations incurred large gross thrust
losses between 1 and 2 percent per degree of turning
to achieve vectored thrust. In general, any change in
geometry which produced larger thrust vector angles
also caused larger resultant thrust losses.

(B. L. Berrier and M. L. Mason, 2674)

L-85-3424
Four-vane post-exit configuration.
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Storm Hazards Program

The NASA Storm Hazards Program concluded
operations in 1986 with the F-106B airplane receiving
24 additional direct lightning strikes. This brought
the total to 714 hits in the 7 years of thunder-
storm flying. The onboard instrumentation included
12 channels of electromagnetic data with 5- and 10-
ns time resolution and several video and film camera
systems. In 1986, the onboard camera systems in-
cluded a pair of video cameras mounted on the left
wing tip to allow time series photographs of swept-
stroke lightning paths from the nose boom to the tail.

Results obtained in 1986 confirmed the earlier
experiences that aircraft strike rates increase with
colder temperatures (higher altitudes) in thunder-
storms. From 1980 to 1986, only 98 direct strikes
were experienced at altitudes below 20,000 ft, where
most strikes to commercial and military aircraft in
routine operations have been reported. Ground-
based data indicated that several strikes may have
been cloud-to-ground strikes, and that most light-
ning strikes obtained at high altitudes were triggered

tning channel

B oo of eft wing

20r201b4: 167570

Lightning channel attached to nose boom of F-106B
airplane. View is from left wing tip.

by the presence of the aircraft. The lightning elec-
tromagnetic measurements have established a statis-
tical basis for peak rate of change of current and peak
rate of change of electric flux density during tests be-
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tween 15,000 and 40,000 ft altitudes; the peak rate of
change of current was found to be several times larger
than previous design criteria. The onboard camera
systems have shown that the entire exterior surface
of the F-106B airplane may be susceptible to direct
lightning attachment, necessitating a rethinking of
lightning attachment zone concepts used in aircraft
design.

Finally, mathematical models that include thun-
derstorm electrification parameters are being devel-
oped to generalize the results from the all-metal F-
106B airplane to composite aircraft employing low-
voltage digital flight control and avionics systems.
(Bruce D. Fisher and Felix L. Pitts, 3274)

L-83-2753
Storm hazards F-106B research airplane.

High-Speed Civil Transport Study

A renewed interest in long-range, high-speed
civil transportation has taken place both in the U.S.
and internationally. The need and the opportu-
nity for such a system were best stated in the Na-
tional Aeronautical R&D Goals: Agenda for Achieve-
ment published this year by the Executive Office
of the President, Office of Science and Technology
Policy. One of three major vehicle-type goals was
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the achievement of “long-distance efficiency and en-
vironmental compatibility” for supersonic commer-
cial aireraft. The action plan set forth was to de-
velop the fundamental technology, design, and busi-
ness foundation for a long-range, supersonic trans-
port in preparation for a potential U.S. industry ini-
tiative. NASA has undertaken both in-house and
contracted studies in response to this national goal.

An early output of the in-house studies is a Mach
3 baseline concept designed to carry 250 passengers
6,500 nm. The concept utilizes wing and body blend-
ing and an advanced wing planform to achieve a
high level of aerodynamic efficiency across the Mach
range. Careful attention to the low-speed aerody-
namics has resulted in substantially improved esti-
mated low-speed aerodynamics performance that re-
sults in improved takeoff and landing performance
and lower associated noise. Utilizing propulsion sys-
tem, materials, structures, and control systems tech-
nology estimated to be available by the year 2005, the
takeoff gross weight for the 6,500-nm mission with re-
serves is calculated to be less than 700,000 1b. This
concept will provide a focus for study and evalua-
tion of emerging technologies, such as low boom con-
cepts, supersonic laminar flow, advanced propulsion
systems, and advanced materials.
(A. W. Robins, 1014 and S. M. Dollyhigh,
3294)
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Mach 3.0 high-speed civil transport baseline.
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Electronics Directorate

The Electronics Directorate is responsible for
the planning, direction, and evaluation of research
and applications programs in the areas of measure-
ments and computer science which will potentially
benefit the Center’s aerospace activities. This di-
rectorate also manages the Center’s instrumenta-
tion, data acquisition, and data processing resources
through the four divisions, each of which has specific
support functions.

The Analysis and Computation Division is re-
sponsible for the development and application of
mathematical and computer theory to the solution of
computational problems arising from theoretical and
experimental aerospace research activities performed
at Langley Research Center. Additional responsibili-
ties include conception, design, implementation, and
management of advanced centralized data process-
ing systems, flight software systems, and flight sim-
ulators, as well as providing consultation on Langley
Research Center application of computer technology.

The Instrument Research Division provides in-
strumentation and measurement support for exper-
imental aerospace research activities performed at
Langley Research Center, with primary responsibil-
ity for the instrumentation of ground-based facili-
ties. This division conducts research and develop-
ment programs in instrument areas where present
measurement capabilities are deficient or nonexistent
to satisfy both current and future aerospace test pro-
gram requirements. Additional responsibilities in-
clude providing engineering and application expertise
to support computer-based data acquisition and con-
trol requirements, developing and maintaining mea-
surement standards, calibrating and repairing instru-
ments, and managing an instrument pool.

The Flight Electronics Division is responsible
for the development and application of electronic
and electro-optical systems for aerospace flight and
flight-related projects. This division conducts re-
search and development programs in electronics, op-
tics, lasers, and related disciplines to provide mea-
surement, communication, and data processing sys-
tems. Additional responsibilities include design, fab-
rication, testing, and operation of ground and flight
electronic equipment and instrumentation for ap-
proved flight projects and applications.

The Projects Division is responsible for the im-
plementation and management of Langley Research

Center participation in major projects, including the
Earth Radiation Budget Experiment/Stratospheric
Aerosol and Gas Experiment (ERBE/SAGE II)
Project, the Long Duration Exposure Facility (LDEF)
Project, the Control of Flexible Structures (COFS)
Project, and the Scout project.

Process for Making Highly Active
Noble Metal-on-Metal Oxide Catalyst

A unique two-step process for preparing and de-
positing coatings of a Pt/SnO2 or Pd/SnO9 catalyst
on an inert substrate has been developed. High sur-
face area silica microspheres were used as a catalyst
support. In the first step of the process, the spheres
were coated with a monolayer equivalent of SnOq,
and they were deaerated by boiling in deionized wa-
ter. Sufficient powdered tin metal was added to coat
the spheres with a monolayer equivalent of SnOs, and
then HNOg3 was added to the hot mixture and slowly
stirred. The acid reacted with the tin and deposited
metastannic acid on the spheres. Evaporation and
drying transformed this acid into SnO,.

In the second step, the coated spheres were
loaded with a fractional monolayer equivalent of Pt
or Pd. After deaerating the spheres as before, a
chloride-free compound of Pt or Pd, sufficient to
form a desired fractional monolayer equivalent of the
metal, was dissolved in hot deionized water. This
solution was added to the water with the spheres and
slowly stirred. A chloride-free reducing agent, such
as formic acid, was added to reduce the Pt or Pd
and deposit it on the spheres, and the mixture was
evaporated until dry. Chloride-free compounds were
used because chloride can poison the catalyst. The
catalyst product was a black powder consisting of a
monolayer equivalent of SnOs on silica microspheres
with a fractional monolayer loading equivalent of Pt
or Pd. The catalyst made by this process was found
to be 10 times as active as a commercially available
catalyst when tested under similar conditions.

The new catalyst is being used in research to
control decomposition products that are formed in
the high-voltage region of a closed-cycle COq laser.
The recombination of these decomposition products
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is necessary because they act to reduce laser power
and lead to unstable laser operation.
(I. M. Miller and B. T. Upchurch, 2466)
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Magnified image of Pt/SnO; catalyst-coated micro-
spheres.

Radio Frequency Strain Monitor

A phase-locked loop has been developed to mea-
sure small changes in the length of a waveguide.
The system has been tested with optical (optical
fibers) and radio frequency waveguides. The de-
vice is capable of measuring fractional length changes
AL/L of 1077. Some recent data, presented be-
low, demonstrate the concept of a radio frequency
strain monitor. These data were taken with a ra-
dio frequency transmission line bonded to a sample
of 1020 stainless steel (approximately 1.25 cm in di-
ameter) subjected to loads up to 2200 newtons in a
load frame. The transmission line was constructed
from a fiberglass circuit board 15 ¢cm in length. The
strain measurement was made with a standard knife
edge strain gauge attached to the steel in the load
frame.

The frequency change plotted in the figure is for
a phase-locked loop operating at a nominal frequency
of 300 MHz. The cumulative frequency change is due

to the elongation of the transmission line attached
to the steel under tensile stress. The small increase
in length causes a small change in the phase of the
radio frequency signal which is compensated for by
a change in frequency of the oscillator in the loop.
The figure indicates an excellent correlation between
frequency change and strain as monitored by the
strain gauge.

This sensor can monitor micro-strain as well
as macro-strain. For example, large deformations
(AL/L > 0.5) can be measured with a device sim-
ilar to a line-stretcher-style phase shifter. The dis-
tributed strain can be measured in large structures
(such as bridges) with radio frequency transmission
line attached to the structure.

(Robert S. Rogowski and Joseph S. Heyman,
3036)
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Radio frequency strain measurements.

Ultrasonic Testing of Space
Shuttle SRM Bond Lines

Nondestructive evaluation of the solid rocket
motor (SRM) is critical for the safety, reliability, and
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maintainability of the Space Shuttle fleet. Previous
testing of the SRM system did not provide the depth
of inspection required. One effort has been to develop
ways to evaluate the different bond lines between
the case, insulation, liner, and fuel layers of the
membrane regions of the SRM. The possibility of
disbond regions in the different layers of the SRM
is an important factor in the flight safety of the
Space Shuttle. The failure of the Air Force’s Titan
rocket launch in 1986 was believed to be the result
of case-to-insulation disbonds. The similarity of the
Titan rocket to the SRM underscores the need for
accurate nondestructive evaluation (NDE). The main
problems are that the insulation and fuels are highly
attenuating to ultrasound and that they give poor-
quality ultrasonic echoes for evaluation purposes.

Ultrasonic image of wedge-shaped disbond region
between liner and fuel of solid rocket motor.

Our approach toward solving this problem has
been to theoretically model the transmission of ul-
trasonic waves into a layered structure and combine
those results with measurements on samples that ap-
proximate the SRM structure. From these results we
can then decide how to best interrogate those regions
of the layered structure. Theory and experiment
indicate that by looking at very specific ultrasonic

frequencies we can obtain the best interrogation of
the many layers. In practice, we transmit long tone
bursts of ultrasound into the sample that comes to
an equilibrium state of excitation. At the end of the
excitation, the ultrasonic energy then dies out, and
the decaying amplitude is measured. That amplitude
of ultrasonic energy is dependent on the bond quality
of the sample.

Shown in the figure is an image made from a
sample that was built by Morton Thiokol, Inc. The
sample contains layers of steel, insulation, liner and
fuel, and has a wedge-shaped disbond built into the
deepest layer interface. The figure shows regions of
good bond integrity as dark areas and the wedge-
shaped disbond as a white area. The size of the
image is approximately 5 in. X 5 in. It is felt
that this technique will be the basis of a testing
system that will be capable of testing approximately
80 percent of the full-scale rocket motor bond lines.
An effort is presently under way to try to transfer
these techniques from the Langley Research Center
laboratory into the manufacturers’ facilities.

(Eric Madaras and Bill Winfree, 3036)

Surface Wave Nondestructive
Evaluation of Space Shuttle
Solid Rocket Motor Field Joint

The bond between the steel case and rubber
insulation in the field joints of the Space Shuttle solid
rocket motors is a critical area for the safe operation
of the motors. Testing of this bond with available
methods is prohibited by the complex geometry of
the field joints. New methods are required to allow
reliable inspection of this difficult region.

An approach to the problem is being inves-
tigated in which the case/insulation bond line on
the clevis end is interrogated using surface-traveling
waves introduced into the bond interface. The sur-
face waves are launched on the inside steel surface of
the clevis leg, and they propagate into and along the
case/insulation bond line. As they propagate along
the bonded surface, some acoustic energy is absorbed
by the rubber insulation and some leaks into the steel
case as bulk waves. The magnitude of the ultrasonic
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energy leaking from the surface wave into the steel
is monitored on the outer surface of the steel case.
The working hypothesis is that the magnitude of en-
ergy received at the outer surface of the case is pro-
portional to the magnitude of energy in the surface
waves. In an unbonded region those waves will be
poorly coupled to the insulation and will result in re-
duced attenuation and an increase in received signal.

23
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Signal versus disbond in clewvis test specimen.

A low-frequency contact surface-wave-trans-
mitting transducer is under development at Lang-
ley Research Center for this purpose. The proto-
type design consists of a linear array of longitudinal-
wave transducer elements with a resonant frequency
of 500 kHz and an interelement spacing equal to one-
half the wavelength of 500 kHz surface waves in steel.
The face of the array is placed in acoustic contact
with the steel, and 500 kHz tone bursts are applied
in such a way that each element is driven 180° out of
phase with its two neighbors. This procedure drives a
traveling surface wave while the bulk acoustic modes
tend to cancel out in the region near the array. Mea-
surements on a test specimen indicate a good cor-
relation between received signal amplitude and the
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length of disbond in the interface between the array
transmitter and the receiver. These measurements
suggest the validity of this working hypothesis (as
shown in the figure). Work is continuing to estab-
lish reliable calibration procedures for this technique
and to adapt this measurement approach for use on
the new capture feature on the tang side of the field
joint.

(Patrick H. Johnston, 3036)

Three-Component Laser Velocimeter
Used to Measure Vortex Flow
Field Above YF-17 Model

An orthogonal three-component laser velocime-
ter system has been used to measure the vortex flow
field above a YF-17 model in the Langley Research
Center Basic Aerodynamic Research Tunnel. The
laser velocimeter had full directionality measurement
capability and used a side scatter configuration to re-
duce the measurement volume to a 150-um-diameter
sphere. This configuration minimized effects of veloc-
ity gradients on the turbulence measurements and al-
lowed a closer approach to the model than other con-
figurations. This investigation was conducted under
full automated computer control with on-line data
reduction and graphics to allow the researchers to
monitor the progress of the velocity surveys. The
flow field was seeded with 0.8 um polystyrene par-
ticles to minimize measurement uncertainties due to
particle dynamics.

The example three-component velocity flow field
map represents the mean velocities obtained within
a plane orthogonal to the model axis located at the
base of the leading edge of the vertical stabilizer. The
model was inclined at an angle of attack of 25.0°,
and the wind tunnel was set to a dynamic pressure
Q of 30 lb/ft2. The contour map represents the
U or streamwise velocity component in the model
coordinate system, and the arrows represent the
resulting vector in the cross flow plane. The results
indicate full flow separation at the wing tip extending
to approximately 40 percent span with flow reversal
in the U component direction. The leading-edge
extension (LEX) vortex had burst and was centered
on the vertical stabilizer.

(James F. Meyers and Timothy E. Hepner,
2791)
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Laser velocimeter measurements above YF-17 model at angle of attack of 25°.

Flexible Thermal
Mapping Surface Sensor

The measurement of component and aerody-
namic model surface temperatures is of significant
importance to designers and researchers. Most ap-
proaches to obtain surface temperatures result in the
attachment of many single sensors; however, a new
surface temperature sensor has been developed at
Langley Research Center to obtain the temperature
of an area using film circuitry and microchip technol-
ogy. The sensor array shown in the figure measures

1 in. by 4 in., is constructed of gold-etched circuitry
on 0.002 in. flexible Kapton film, and is instrumented
with eight AD590 temperature sensor chips mounted
in an array. The temperature chips are multiplexed
with a CD4051B chip to obtain the array of thermal
measurements. The operating range of the sensor is
-40°C to 120°C with a 1 4A/°C linear digital output.
The sensor’s ability to conform to contoured surfaces
and to eliminate the need for numerous monitoring
cables makes it most attractive.

(L. A. Dillon-Townes and P. B. Johnson, 2466)
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Prototype sensor installed on test airfoul.

Advancements in Instrumentation
for Magnetic Suspension
and Balance System

Three advancements in instrumentation have re-
cently been made in Magnetic Suspension and Bal-
ance System (MSBS) technology at Langley Research
Center. These advancements include improvements
in data acquisition systems using a strain-gauge bal-
ance, development of an onboard telemetry system,
and development of a five-component electro-optical
model position-sensing system.

The concept of using a strain-gauge balance to
calibrate a magnetic suspension system was success-
fully demonstrated on Langley Research Center’s
13-in. MSBS. The approach greatly simplifies the cal-
ibration procedure and improves accuracy by directly
measuring the input loads to the MSBS and eliminat-

ing load alignment (input) uncertainties. The idea of
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using an active balance and telemetering data for ac-
tual force testing is being pursued.

A battery-powered telemetry package has been
developed to transmit pressure data from a magnet-
ically suspended wind tunnel model. The system
consists of a miniature transducer, signal condition-
ing circuitry (which includes a voltage-to-frequency
(v/f) converter), and an infrared (IR) light-emitting
diode (LED). The system has special circuitry that
provides very low-duty cycle pulses to the LED to
reduce the power requirements. A receiver, which
demodulated the signal and provided an interface
to a personal computer for data reduction and dis-
play, was located outside the tunnel. The system has
demonstrated a 2-hr operational life and an overall
precision of 0.5 percent of full scale.
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Calibration of MSBS with strain-gauge balance.

A five-component electro-optical system for de-
tecting the position and providing a control feed-
back signal for a magnetically suspended wind tunnel
model has been developed. This nonintrusive posi-
tion measurement system, using small lasers as light
sources and self-scanning linear photodiode arrays
as the sensing elements, is operational in the 13-in.
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MSBS. The useful full-scale ranges of the system are
+0.45 in. and +8° for linear and angular movements,
respectively. The system has an overall precision of
£0.002 in. and £0.02° in linear and angular measure-
ments, respectively.

(P. Tcheng and P. Roberts, 3483)
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CARS Measurements in
Supersonic Combustion Flow

A coherent anti-Stokes Raman scattering (CARS)
instrument has been developed which has the capa-
bility of simultaneously measuring the temperature
and density of two major species. This instrument
is currently being used to obtain measurements of
temperature, nitrogen density, and oxygen density in
hydrogen combustion Mach 2 flow. This flow is simu-
lated by preburning hydrogen, oxygen, and air inside
the combustor. Fuel (hydrogen) is injected coaxially
within the center of the flow to produce external com-
bustion. Measurements in this flow are being used to
validate computational fluid dynamics (CFD) codes
that are being applied to supersonic combustion.

The figure indicates the ability to make nonin-
trusive temperature measurements in this hostile en-
vironment. The influence of the shock structure on
the temperatures is clearly seen. These temperature
values are obtained from 10 ns laser shots in a 3-mm
sample length. The short time scale and small sam-
ple length are important in turbulent environments.
Density values from nitrogen and oxygen have also
been measured simultaneously with these tempera-
ture values. These measurements are currently being
compared with CFD calculations.

(Richard R. Antcliff, 2791)

Schematic of typical electro-optical model position
sensing system.
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Dual-Block Grid Generation and
Euler Flow Calculations About
Fighter Aircraft Configurations

A major task in computational fluid mechanics is
the generation of grids and the computation of invis-
cid compressible flow about aircraft configurations.
In the past, single-block grids have been used with
great success on a large class of problems with simple
boundary geometries, but for more complex bound-
aries, it is recognized that multiblock grids are more

effective.

For a dual-block grid topology, an Euler equa-
tion solution procedure and associated computer
software to generate grids and compute inviscid com-
pressible flow about fighter-type aircraft configura-
tions have been developed at Langley Research Cen-
ter. A patched dual-block grid is used because the
conservation of mass, momentum, and energy is eas-

i
R ot
e

ily maintained across patched grid interfaces and be-
cause a dual-block grid offers high overall resolution
for this type of aircraft geometry. The grid gener-
ation is algebraic and based entirely on transfinite
interpolation. A finite-volume Euler solver, using
an explicit Runge-Kutta time-stepping scheme, has
been adapted to this grid system, and supersonic flow
has been computed for an experimental aircraft with
fuselage, canard, 70-20 cranked wing, and vertical
fin.

Solutions for this configuration have been ob-
tained at Mach number 2 and angles of attack of 0°,
4° 7°, and 10°. For these computations, 264,000 grid
points have been used. The figure shows the aircraft
configuration, several grid surfaces, and the coeffi-
cient of pressure depicted as shades of gray (original
color figure can be obtained from the author) on the
surfaces for a case with an angle of attack of 4°.
(Robert E. Smith, 3978)
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Ultrasonic Harmonic Generation
to Determine Crack Opening in
Compact Tension Specimens

When a crack has been grown in a compact
tension specimen {(a specific geometry of a metal
plate with a carefully machined notch), the material
around the crack distorts so that when the plate is
released from load, the cracked region is compressed.
To open the crack, the sample must be pulled suf-
ficiently to overcome this compression. Until now,
there has not been a direct, reliable measurement
technique to determine when the crack begins to
open. Recently, a new ultrasonic technique has been
developed to determine this onset of crack opening
in these specimens.

An ultrasonic wave is launched into the metal
so that it is perpendicular to the plane of the crack.
When the pull on the sample is too small to open the
crack, much of the wave traverses the crack plane.
When the crack just begins to open, however, the
surfaces of the crack respond to the ultrasound in
such a way that they clip the portion of the ultrasonic
wave which crosses the crack surface. Because of this
clipping, the wave contains a much larger proportion
of harmonic distortion, which can readily be detected
and measured.

The first figure shows the equipment setup. A
5 MHz toneburst, formed by the function generator,

Function

Generator Amplifier

@ Receiver

Oscilloscope

is amplified and sent to the 5 MHz transducer, which
launches an ultrasonic wave in the specimen. The
wave traverses the sample, including the cracked
region, and is received by the 10 MHz transducer.
The tuned receiver can be set to receive the 5 MHz
and the 10 MHz signals that are displayed on the
oscilloscope.

The second figure gives data taken from a com-
pact tension specimen that was operated under very
specific conditions. The second harmonic amplitude
(Y-axis) of the ultrasound was measured as a func-
tion of load (X-axis) pulling on the sample (the re-
ceived fundamental amplitude was held constant).
Using finite-element analysis, it was calculated that,
with the conditions of operation, the crack should
open when the sample was pulled by a load in the
range of 1500 lb to 1600 lb. The ultrasonic data
show that the crack opened at about 1575 1b.

(W. T. Yost and Min Namkung, 3036)
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Remote Noncontacting Heat

Transfer Mieasurements for

Detection of Boundary-Layer
Transition in Wind Tunnel Tests

The existence of turbulent-flow conditions over
airfoil surfaces is of prime concern in aerospace indus-
tries. The resulting increase in drag boosts fuel con-
sumption and costs. In airfoil design it is particularly
desirable to detect and locate the position of laminar
to turbulent transition on airfoil models. Current
techniques require surface modification or complex
implementation. A remote, noncontacting infrared
measurement technique for measuring heat transfer
has been applied to the detection of boundary-layer
transition in wind tunnel settings. The measurement
system consists of three prime elements that include
a laser heating source, an infrared camera for data
acquisition, and a video recorder for data storage.
A laser beam scans an airfoil and heats its surface
to a few degrees above ambient temperature. An
infrared camera then measures the temperature of
the airfoil (over a two-dimensional field), and these
temperatures are stored as a function of time on a
video recorder. The resulting temperature pictures
are then digitized, and an iterative approximation
algorithm is used to extract the heat transfer coeffi-
cient. The resulting values are relative to the natural
convection condition.

The technique has been used in two fashions to
detect the laminar to turbulent transition in low-
speed wind tunnel tests. Point measurements were
made over a range of wind velocities to detect the
occurrence of transition and were compared to well-
established hot-film measurements (which were made
simultaneously) to confirm the flow conditions. Heat
transfer coefficients were determined using a linear
pattern at various wind speeds to indicate the posi-
tion of natural and of artificially induced transition
on an airfoil. The technique was shown to be sensi-
tive to transition at low Mach numbers, where previ-
ous infrared techniques (using kinetic heating) were
found to be insensitive.

Advantages of the technique include ease of use
and cost reduction. No complex and costly machin-
ing or implementation of contacting sensors during
model fabrication is required. No surface prepara-
tion is required for the model except for highly re-
flective surface finishes. In the reflective case, as for
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highly polished metal surfaces, a thin film of insulat-
ing plastic may be required. This technique also has
the potential to view flow characteristics over a large
field.

(D. Michele Heath, 3036)
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Ultrasonic Measurement of
Nonlinear Elastic Properties of
Graphite/Epoxy Composites

The high strength, stiffness, and light weight of
composite materials make them have great poten-
tial for structural applications, particularly in the
aerospace industry. The usefulness of these mate-
rials has been proved by research, but the need to
quantitatively characterize important material prop-
erties and develop applicable nondestructive evalua-
tion techniques still remains.

Linear and nonlinear elastic properties are im-
portant properties in conventional materials. Non-
linear properties are important in the nondestructive
determination of applied and residual stress, and a
possible relationship between nonlinear elastic prop-
erties and ultimate strength in aluminum and carbon
steel has been established.
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Through research at Langley Research Cen-
ter, the nonlinear elastic properties of a unidirec-
tional graphite/epoxy composite were determined
from measurements of the change in ultrasonic
wave speeds with stress and temperature. These
changes in ultrasonic velocity were monitored by
a pulsed-phase-locked loop ultrasonic interferometer
that records them as changes in the frequency of the
wave. These measurements were made under a va-
riety of conditions including both hydrostatic and
uniaxial stress with ultrasonic waves propagating in
varying directions with respect to the fiber direction.
The figure shows a typical plot of the normalized
change in ultrasonic frequency which is the measured
frequency shift at a given stress divided by the fre-
quency with no stress applied. This plot is a di-
mensionless quantity, versus applied stress. These
changes in frequency represent changes in the elastic
moduli with applied stress and thus are a manifes-
tation of nonlinear elastic behavior. If the material
were truly linear elastic, there would be no change of
velocity, and therefore the pulsed-phase-locked loop
would display no frequency shifts with changes in
temperature or applied stress.

These measurements provide the basis for fur-
ther investigations into the relationship between non-
linear elastic properties and other important prop-
erties such as strength and fiber-matrix interfacial
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Normalized frequency change of ultrasonic wave
propagating perpendicular to fiber direction with
stress applied along fiber direction.

strength in graphite/epoxy composites. This re-
search may aid the development of needed nonde-
structive evaluation techniques for composite mate-
rials.

(W. Prosser, 3036)

Ultrasonic Measurements for
Identification of Superconductivity in
High-Temperature Superconductor

It has been speculated that the crystal struc-
ture of the copper-oxide superconductors which is
different from those of conventional superconductors
(transition temperature 7, < 20K) plays an im-
portant role in exhibiting the high superconducting
transition temperature. From the theoretical point
of view, whether electron-phonon interaction as de-
scribed in the Bardeen/Cooper/Schrieffer (BCS) the-
ory is still responsible for the superconducting behav-
ior of these samples is an interesting subject. This
subject has stimulated numerous types of measure-
ments to determine the superconducting properties
of these samples.

Ultrasonic attenuation and velocity measure-
ments are useful techniques for detecting crystal
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Temperature dependence of ultrasonic attenuation in
polycrystalline Y Bag Cu3 Og45.

35



Electronics Directorate

structure changes, dislocation, and internal friction
in solids. Ultrasonic attenuation in the supercon-
ducting state of a conventional superconductor ex-
hibits characteristic behavior as a result of electron
and phonon interaction, and can be employed to find
the value of the temperature-dependent energy gap,
the superconducting transition temperature, and the
critical field.

Temperature-dependent ultrasonic attenuation
behavior of polycrystalline Y Bag Cug Og s is shown
in the figure. The absence of a sharp decrease in at-
tenuation at the superconducting transition temper-
ature of 91K implies that the electron and phonon
interaction in BCS theory is not the predominant
mechanism in causing this supposed second-order
phase transition of this sample.

(William P. Winfree, 3036)

Oxygen Monitoring and Control
System for Langley 8-Foot
High-Temperature Tunnel

Future hypersonic studies in the Langley 8-Foot
High-Temperature Tunnel (8-Foot HTT), in which
combustion products are used as the test medium,
will require oxygen enrichment of the air to duplicate
the oxygen content of air in the test medium. A study
has been undertaken to demonstrate that the oxygen
content of the test medium can be measured quickly
enough to permit almost real-time automatic control
of the oxygen enrichment level.

A ZrO2(Y203)-based fast response oxygen-
monitoring and control system was developed and
tested in the 7-Foot High-Temperature Tunnel (a
1/12.8 scale model of the 8-Foot HTT) for its speed
and stability. The combustion gas was sampled con-
tinuously with a probe mounted in the test section. A
typical histogram of the O2 control process is shown
in the figure. Initially, the system showed a decrease
in the Oo level from 21 percent (air) to about 5 per-
cent as the combustion process was established. The
oxygen content was then manually controlled to a
level near the desired 21 percent control point for air
simulation. Upon switching to automatic mode, the
system achieved the 21 percent point in about 0.25 s.
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New set points of 24 percent and 18 percent were ar-
bitrarily entered, and the system was switched to the
automatic mode. In both instances, the system pro-
duced the desired oxygen level in the test section in
about 0.25 s.

(Jag J. Singh, 3907 and Richard L. Puster,
3115)
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Spaceborne Optical Disk
Controller Development

Mass memory systems based on erasable optical
disk media are expected to play an important role
in the Space Station era of the 1990’s and beyond.
NASA, along with other U.S. Government agencies,
is supporting technology development leading to a
high-capacity, high data rate erasable optical disk
recorder. The goal of an ongoing contract with in-
dustry is to demonstrate write/read/erase capability
at 133 megabits per second on a single-sided 14-in.
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magneto-optic disk with an 8-track electro-optical
head using a 10-element laser diode array.

In addition to supporting the technology demon-
stration, Langley Research Center is developing sys-
tem requirements leading to drive and controller
specifications for a spaceborne system as part of the
Space Data System Research Program. The overall
program goals are greater than one terabit (10 to
the 12th bits) capacity, at greater than one gigabits
per second transfer rate. An application study of

the Optical Disk Mass Memory System (ODMMS),
which focuses on the data system and instrument
needs of the Earth Observing System Polar Orbit-
ing Platform of the Space Station program, has also
been conducted. As a result of the study, Lang-
ley Research Center has developed an ODMMS con-
cept based on an expandable system. The system is
composed of disk drive modules of two 14-in. disks
that rotate in opposite directions, and an associated
modular controller. This flexible concept allows for
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Erasable Optical Disk Mass Memory System architecture.
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application-specific system configuration and permits
a more structured development program for space-
flight applications.

The modular concept, however, places an in-
creased burden on the system controller. Two study
tasks have been initiated to address controller ar-
chitecture and related issues. These tasks focus on
error coding and data format strategies, configura-
bility, and implications of spaceborne operation, and
they provide a system simulation model. Langley Re-
search Center developed the architecture (as shown
in the figure) to serve as a baseline for a variety
of applications and integration studies. A prelimi-
nary Controller-to-Drive Interface Document is be-
ing prepared to isolate the drive from the user and
thus enable drive module development to proceed
independently.

(Thomas A. Shull and Reginald M. Holloway,
3541)

Diode Laser Injection Control of
Titanium-Doped Sapphire Lasers

Remote sensing of atmospheric constituents,
pressure, and temperature requires narrow-
bandwidth, stable pulsed lasers (that operate in a
differential absorption lidar mode) which can be
switched between “on” and “off” wavelengths in a
few milliseconds. The current practice is to use mul-
tiple line-narrowing elements within the laser cavity
to achieve narrow bandwidth and to use two lasers
to achieve the rapid switching between the “on” and
“off” wavelengths. The line-narrowing elements limit
the laser efficiency, and the two lasers pose a volume
and weight problem for aircraft and spacecraft oper-
ation.

A ring cavity titanium-doped sapphire laser with
no internal wavelength selection devices has been
designed. The ring cavity is an ideal device for
narrow-bandwidth solid-state lasers because a ring
cavity operates with a traveling wave rather than
the standing wave associated with the more common
Fabry-Perot cavities. Standing waves result in spa-
tial hole-burning, and they limit the power available
for narrow-bandwidth operation. Although ring cav-
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ities normally have waves traveling in two directions,
active injection control or passive feedback results
in unidirectional operation. Injection control of a
ring cavity titanium-doped sapphire laser has been
achieved using continuous wave (CW) diode lasers
as injection sources. This is an important step in
demonstrating an all-solid-state narrow-bandwidth
tunable laser system for remote sensing from space.
(Philip Brockman and Clayton H. Bair, 2818)
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Ring laser with diode injection.

High-Temperature
Superconducting Materials

The recent discovery that the material formed
from the mixed oxides of barium, yttrium, and cop-
per (often referred to as BAYCO) has a supercon-
ducting phase-transition temperature of 94K has
produced an intense international effort in high-
temperature superconductor work. Langley Re-
search Center has initiated a materials growth and
characterization study of this new class of high-
temperature superconducting ceramic-like material.
Two areas of immediate application of this research
effort have been identified. One application is in
the remote sensing of atmospheric species (in the
spectral region around 100 gm) with superconductor-
insulator-superconductor (SIS) detectors fabricated
with thin films of these new high-temperature super-
conducting materials. A second application, which is
an important capability for aeronautical research, is
the magnetic suspension of wind tunnel models.
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Research at Langley Research Center on this
new class of materials has centered on the fabrication
and characterization of BAYCO. Characterization of
the effects of the initial particle-size distribution of
the oxides of copper, yttrium, and barium is one area
of interest. Particle size has not been found to affect
the superconducting transition temperature. Exper-
iments are now under way to determine the effects of
this processing on the alternating current (ac) sus-
ceptibility. The first figure shows the effect of pro-
cessing on the transition temperature for BAYCO.
Material formed by heat treating powdered material
in air followed by pelletization and oxidation has a
significantly lower transition temperature than does
the heat treatment of pelletized material followed by
the same pelletization and oxidation process. In ad-
dition, these materials show a resistance behavior
typical of semiconductors for temperatures above the
transition temperature. The second figure shows the
results of elimination of water vapor from the final
oxidation process. The transition to the supercon-
ducting state is shown by a sharp curve at 94K. In
addition, the resistive behavior above 94K is typical

BT
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[

Temperature, K

Effect of processing on transition temperature for
barium/yttrium/copper ozide superconductors.

of metallic conduction. The characterization tech-
niques now in place to support this research effort
are four-point probes for resistance measurements,
AC susceptibility, and measurements of specific heat.

New mixtures of materials including fluorides are be-
ing fabricated to explore even higher transition tem-
peratures.

(C. E. Byvik, 2818)
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MOPA Performance of Ti:Al;03

Spaceborne remote-sensing laser energy require-
ments exceed 1 joule per pulse for some applications.
To meet this requirement, Langley Research Center
is currently investigating the operation of Ti:Alo03
in master oscillator power amplifier (MOPA) config-
urations. Measurements of two important aspects
of the power amplifier (gain and energy extraction)
have been performed as a function of probe and pump
energy per unit area (fluences) for the combinations
of Gaussian pump with both circular and Gaussian
probe beam profiles. In addition, the timing between
the probe and pump pulses necessary for optimum
extraction from the amplifier has been determined.

The broadband output of a gain-switched
Ti:Alp03 oscillator and the frequency-doubled output
of an Nd:YAG laser were used as the probe and pump
pulses, respectively. These pulses were directed coax-
ially in the forward direction into the amplifier rod
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in a longitudinal pumping scheme as depicted in the
figure. With this result, it is feasible that Langley Re-
search Center will achieve its goal for a large signal
gain of 10. Methods for achieving this gain are cur-
rently under investigation. These methods include
the addition of a second amplifier and increasing the
pump volume of the existing amplifier. A large signal
gain of 4.8 was observed.

A modeling effort was also undertaken to com-
plement the experimental effort. Effects such as
nonuniform pump energy deposition along both the
longitudinal and transverse pump directions, nonuni-
form probe laser energy density, and absorption of
the probe laser wavelength could be modeled. Re-
sults from the model can be used to predict the ab-
sorption efficiency of the pump energy, the extraction
efficiency of the probe laser beam, the output energy,
and both the spatial and temporal distortions of the
probe laser beam.

(James C. Barnes, 3761)
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Crystal Fiber Technology
for Evaluation of
Solid-State Laser Materials

Remote sensing of atmospheric constituents,
temperatures, and pressures from space can be facil-
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itated by the development of new efficient laser ma-
terials that can be pumped by diode lasers and that
can operate in the eye-safe regions of the spectrum.
The studies of material laser properties (including
absorption, emission, and fluorescence) have been
limited due to long turnaround times for standard
growth techniques. Recent developments in crystal
fiber growth have resulted in rapid turnaround and
have allowed evaluations of many different dopants
and doping levels.

A new technology has been developed for per-
forming spectroscopy of the fiber-grown crystals. A
detector is placed at the end of the crystal, and the
crystal is excited by a laser focused into its side.
Spectra are taken for several different lengths be-
tween the positions of side excitation and the end
of the fiber. Laser-induced emission will be affected
by the length of material between the point of exci-
tation and the end of the fiber. A dramatic exam-
ple of the effect is shown for laser excitation along a
Ti:YALO crystal fiber. An analytical model describ-
ing this absorption process has been derived and is
being applied to the spectroscopy of the transition
metal ions and the rare-Earth ions in crystal fiber
hosts.

(C. E. Byvik, 2818)
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Flow Visualization
Using Laser Light Sheets

Visualizing the flow patterns around models in
wind tunnel testing is important because an under-
standing of the flow patterns is fundamental to un-
derstanding the aerodynamics of the model. Smoke
or water vapor introduced into the flow allows the
flow pattern to be visualized by illuminating the flow
field with a sheet of light.

Light sheets generated by lasers have found wide
application in flow visualization. In general, laser
light sheet systems have been designed for a speci-
fied test and viewing geometry. The twin mirrored
galvanometer laser light sheet system was developed
to provide adaptability to a wide range of wind tun-
nel applications. The design allows the aerodynami-
cist to control the size and location of the light sheet
in real time, generate horizontal or vertical sheets,
sweep a sheet repeatedly through a volume, gener-
ate multiple light sheets with controllable separation,
and rotate single or multiple light sheets.
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Twin mirrored galvanometer laser light sheet flow
visualization system.

The system has been used to generate time-
averaged light sheets with helium/neon and ar-
gon/ion lasers. The light sheet is generated by de-
flecting the output laser beam with two mirrored
galvanometers whose axes are mutually perpendic-
ular. One mirrored galvanometer is used to produce
horizontal light sheets, while the other mirrored gal-
vanometer produces vertical light sheets. The num-

ber of light sheets and their orientation are obtained
by varying the frequency, amplitude, and shape of the
drive signal to each of the two mirrored galvanome-
ters. The illuminated flow field generated by these
light sheets is recorded by conventional photographic
and video techniques. Twin cameras are used to pro-
duce stereoscopic pairs of images which can be exam-
ined to yield three-dimensional visualization of the
flow field.

(D. B. Rhodes and J. M. Franke, 3234)

L-86-11,889

Visualization of vortices on delta wing model using
laser light sheet flow visualization system.
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The Flight Systems Directorate conducts basic
research and development in the broad, multidis-
ciplinary area associated with aerospace flight sys-
tems. This includes systems hardware and software
architecture concepts and design guidelines, valida-
tion and verification methods for reliable flight con-
trol systems, advanced cockpit interfaces, advanced
airborne systems technology, aircraft operating pro-
cedures, fundamental electronics research, automa-
tion and robotics technology, and aircraft and space-
craft guidance and control system design methods,
guidelines, and criteria.

The Advanced Transport Operating Systems
Program Office coordinates a wide-scale focused
technology research and development effort aimed
at developing and improving the technology base for
transport aircraft operating systems and the integra-
tion of these systems with the current and future air
traffic control environments. The office also provides
a focus for research and development of improved
airborne operations and procedures and operates the
NASA Boeing 737 aircraft and associated simulator.

The Information Systems Division conducts re-
search to provide an advanced technology base for
future spacecraft and aircraft systems. Specifi-
cally, the division performs research in the areas of
robotics and automation, fault-tolerant systems val-
idation, reliable software, system architectures, elec-
tronic/optical subsystem technology, and software
engineering. The scope of activities is broad and
ranges from the highest level systems considerations
to the investigation of solid-state physics phenomena.

The Guidance and Control Division conducts
generic and applied research on aircraft and space-
craft guidance, control, and antenna systems. The
research is directed toward the development of a
technology base for advanced aircraft and spacecraft
systems analysis and design methods, including vali-
dation and verification demonstrations of advanced
concepts. The division also develops multidisci-
plinary computer-based tools and techniques which
allow appropriate guidance, control, and antenna de-
sign issues to be considered through all stages of air-
craft and spacecraft design.

The Flight Management Division conducts re-
search to provide a viable technology base for fu-
ture aircraft and spacecraft flight management sys-
tems. Specifically, the division provides technologies

required by designers of crew station systems; de-
fines and evaluates improved guidance and control
procedures; and studies advanced airborne systems
technology, traffic control strategies, and operating
procedures for improving the efficiency of air traffic
control operations. In addition, the division provides
methodologies and criteria for measuring crew work-
load and stress.

Assessment of Computer
Interface Device for Voice
Control of Remote TV Cameras

Human factors research has determined that
voice input (recognition) is most effective as a con-
trol mechanism in applications that require a “third
hand.” The control of TV cameras and lights during
mobile remote manipulator system (MRMS) opera-
tions onboard the Space Station is one such applica-
tion. Recently, Langley Research Center personnel
designed and completed a breadboard implementa-
tion of an interface device that allows voice-activated
controls in an IBM PC to drive an automated video
camera. The completed voice system has been suc-
cessfully tested with an automated camera in the
Langley Research Center Robotics Laboratory.

The microprocessor-based interface controls an
automated video camera with remote pan/tilt/zoom/
focus features. Control outputs from an IBM
PC/XT-hosted “continuous speech” voice recogni-
tion system were determined as well as the signal re-
quirements for the camera’s remote-control features.
The interface was then designed with available very-
large-scale integration (VLSI) circuitry to decode the
serial control information provided by the host com-
puter/voice input system combination into appropri-
ate voltage level on/off signals. The microprocessor
was then programmed to handle a variety of com-
mands designed to operate the video camera via voice
input.

The voice-operated video camera interface was
conceived, developed, and implemented to enable fur-
ther research in manual versus voice control of auto-
mated Space Station cameras. In a previous study
of this application, the camera views and operation
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were simulated with graphics on an IBM PC. Vocab-
ulary and control/capture timing experiments were
conducted with several test subjects. Using the sub-
ject interface, a comparison was made of control per-
formance from a real video camera (with mechanical
time lags and target image location problems) ver-
sus performance obtained from the simulated version.
The comparison generally verified the simulation re-
sults and contributed to the understanding of voice
recognition applications.

(Anthony M. Busquets, 4684)

COMPUTER BASED Wit AUTOMATED VIDED CAMERA

VCHCE RECOGRITION SY5TEM

L-86-9371

Automated video camera being controlled by
computer-based voice recognition system.

Attitude Control Stability Analysis
for Evolving Space Station

An attitude control system stability analysis was
conducted for a number of Space Station configura-
tions in support of the Critical Evaluation Task Force
that met at Langley Research Center in the fall of
1986. The study included 5-m and 9-ft bay size ver-
sions of the dual-keel station as well as intermediate
stages of assembly. The purpose of the study was
to compare the attitude control characteristics with
respect to relative stability for the station as it pro-
gressed from a simple boom structure to a dual-keel
configuration.

The attitude control system included the con-
trol moment gyro (CMG) assembly used for three-
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axis stabilization of the Space Station. The control
law consisted of a proportional plus differential (PD)
feedback logic with a first-order lag compensation.
Analysis of the stability of the control system associ-
ated with the CMG’s was performed using frequency
response (Bode) plots such as that given in the fig-
ure. The gain margin shown in the figure was used
as a measure of the relative stabilities of the various
Space Station configurations.

The results of the study showed that all configu-
rations and truss bay sizes exhibited stable gain mar-
gins for the assumed attitude control system. The
5-m structure was found to be superior to the 9-ft
model from a control standpoint since it consistently
had larger gain margins for corresponding station
models.

(John W. Young, 4591)
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Typical frequency response for 5-m Space Station
using compensated PD controller.

Comparison of In-Flight and
Ground-Based Simulator-Derived
Flying Qualities and Pilot Performance

An obvious void of information exists which al-
lows the flight controls/flying qualities engineer to
determine and estimate the incremental flying quali-
ties and/or pilot performance differences that may be
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expected between results obtained via ground-based
simulation tests and flight tests. To help fill this void,
pilot opinion and performance parameters, derived
from a six degree-of-freedom ground-based simulator
(Visual/Motion Simulator or VMS) and a six degree-
of-freedom Total In-Flight Simulator (TIFS), have
been obtained for a jet transport aircraft with con-
ventional cockpit controllers. The primary piloting
tasks were the approach and landing, with emphasis
on the flared landing. Thirty-one different dynamic
response characteristics were simulated. Four engi-
neering test pilots participated in both simulation
programs.

Flying qualities
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Comparison of pilot opinion of flying qualities
obtained on TIFS and VMS for flared-landing task
(all configurations).

The major conclusion drawn from this study
was that, in general, the flying qualities evaluation
results obtained from ground-based simulators may
be considered to be conservative, especially when the
piloting task requires tight pilot control. The one
exception to this, found in the present study, was
that the pilots were more tolerant of control system
time delays on the ground-based simulator. Other
conclusions drawn from this study were that the
effect of pitch sensitivity to control column inputs
is more pronounced on a ground-based simulator
than on an in-flight simulator; in general, there
is a greater tendency for pilot-induced oscillations
(PIO) on a ground-based simulator; ground-based

simulators are not adequate for assessing pilot and
vehicle performance capabilities for the landing task
when the pilot has little depth and height perception
from the outside scene presentation; and the ability
of the ground-based simulator to predict Cooper-
Harper Pilot Ratings (CHR’s) was somewhat better
for the approach task than for the flared-landing task.
For the approach task, the CHR was predicted within
+1 for approximately 75 percent of the configurations
evaluated, compared to approximately 60 percent of
the configurations for the flared-landing task. The
example data in the figure indicate the pilot opinion
differences for the flared-landing task.

(William D. Grantham, 2132)

Parameter Estimation
Applied to X-29 Drop Model

The X-29 free-flight drop model is a 22-percent
scale replica of the X-29 forward swept-wing demon-
strator aircraft. The model is carried aloft by a heli-
copter, then released for gliding descent. These drop
tests provide an important step between wind tunnel
and full-scale flight testing because the experiments
take place in the actual flight environment and allow
extreme maneuvers to be attempted without endan-
gering the pilot or full-scale prototype. Such large-
amplitude, high rate maneuvers can provide impor-
tant information relating to the dynamic behavior of
an aircraft. The first drop tests qualitatively con-
firmed the occurrence of wing-rock (an abrupt am-
plification of rolling oscillations) which had been pre-
dicted from wind tunnel data. In order to obtain
quantitative estimates of stability and control deriva-
tives, a system identification process known as the
modified stepwise regression (MSR) was applied to
the drop test data.

The MSR algorithm yields estimates for stability
and control derivatives that can be directly compared
with wind tunnel predictions. Since the drop model
maneuvers were unconventional and unlike those typ-
ically used for parameter estimation, it was necessary
to employ an additional technique known as data par-
titioning, which allows the detection of trends in pa-
rameter estimates with angle of attack «. In the fig-
ure, MSR estimates for the roll damping derivative
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C), are compared with wind tunnel measurements.
The flight estimates corroborate regions of unfavor-
able roll damping which were measured in the wind
tunnel (such as that shown occurring between an-
gles of attack of 22° to 27°). These estimates have
also correlated with the wing-rock episodes observed
during drop tests. The ability to estimate stability
and control parameters from drop test data provides
a crucial adjunct to wind tunnel predictions because
it may quantify dynamic behavior of the configura-
tion which was not revealed by the tunnel tests. This
process also provides an opportunity to corroborate
prior data on the configuration and thus reveal dis-
crepancies that may require further investigation.

(D. L. Raney, 3934 and J. G. Batterson, 4887)

O Wind tunnel

[ ]
o

E_ Unstable
£ ® Drop test o O °
E s o ° *
0E —e- -0
5 E 'y L +
p o fo)
g L] Stable

o
oo

%]

L

\n

30 40
a, deg

Roll damping dertvative estimates.

Restructurable Flight Control System

Aircraft control element failures can produce
unanticipated, life-threatening flight modes that re-
quire corrective action in a timely manner, action
that is not always intuitively obvious to the pilot.
In many such cases a restructurable flight control
system could automatically take the proper correc-
tive action by detecting and isolating the failure and
reconfiguring the control system to use other con-
trol effectors. A methodology for the design of a re-
structurable flight control system (RFCS) has been
developed for a single operating point in the air-
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craft with the RFCS redistributes control among the
elevator and other effectors and levels off at the end
of the maneuver.
(Aaron J. Ostroff, 3951 and W. Thomas
Bundick, 2259)

Algorithm for Optimally Trimming
Airplanes Equipped With
Multiple Control Effectors

In order to increase performance and safety,
airplanes with multiple longitudinal control effec-
tors are receiving increased attention. Typical of
these airplanes are three-surface airplanes and two-
surface airplanes with thrust vectoring. Unlike con-
ventional airplanes, the longitudinal load distribu-
tion of these aircraft is not uniquely determined for
trimmed flight. This characteristic can be exploited
by selecting the distribution that yields the minimum
trim drag.

Normally, this minimization problem has been
solved using nonlinear optimization. While this ap-
proach yields the most desirable distribution, it is
often too burdensome. A simple alternative linear-
optimum solution has been developed. This solu-
tion employs a Lagrangian formulation to minimize

a quadratic model of trim drag subject to linear trim
constraints.

To validate the performance of the algorithm,
the trim drag obtained from the application of the
linear-optimum solution was compared to the trim
drag obtained through nonlinear optimization and
ad hoc trimming procedures for several example
aircraft. These comparisons show that the linear-
optimum solution accurately predicts the nonlinear
optimum. The figure demonstrates the effectiveness
of the linear-optimum solution for trimming a two-
surface, thrust-vectoring airplane similar to the high
alpha research vehicle (HARV). The figure shows the
increase in trim drag over the value obtained from
the nonlinear solution for the linear solution and
a nonoptimum solution. The nonoptimum solution
does not utilize the thrust-vectoring capability. From
the figure, it can be seen that the linear solution ac-
curately predicts the nonlinear solution and that the

optimum solutions provide trim drag reductions of up
to 60 percent compared to the nonoptimum solution.

The linear-optimum solution offers an opportu-
nity to optimally trim aircraft in the conceptual and
preliminary design stages with simple analytical pro-
cedures. It will also permit experimenters to accu-
rately position model surfaces during wind tunnel
tests to reflect in-flight positions. Furthermore, the
algorithm is so simple that onboard applications are
possible for adaptive controls algorithms.
(Kenneth H. Goodrich, 3744)
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Completion of High-Level Graphics
Language for Flight Displays

An established need exists for high-level graph-
ics languages for the programming of programmable
display generators (PDG’s), particularly for PDG’s
used to generate real-time flight display graphics.
Typically, the more sophisticated, flexible, and ef-
ficient the PDG, the lower the level of the available
programming tools, and the harder it is to program.
To address this problem, Langley Research Center
has initiated a contract research effort with the Re-
search Triangle Institute (RTI) in order to develop a
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high-level graphics language for programming an ex-
perimental high-performance PDG, while still main-
taining execution speed and access to and control of
its advanced features.

Assembly language
8 months

High-level-based PFD

High-level language

2 months

Comparison of software development time for two
complex PFD’s using Assembly language and new
RAP high-level language.
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At RTI, a procedural language that consisted of
a library of graphics functions and macros was de-
veloped with graphics primitives implemented to ap-
ply to entire scenes as opposed to individual objects.
A unified, flexible set of data structures to support
dynamic, shaded two- and three-dimensional graph-
ics was designed. Powerful graphics primitives were
conceived, and “C” was chosen as the base language
because a flexible compiler existed as a commercial
product. This base language was chosen due to the
University of North Carolina’s research with the ex-
perimental PDG. The library was developed into a
software package known as RAP (real-time anima-
tion package).

RAP supports two- and three-dimensional draw
ing, dynamic window management, flexible char-
acter generation, and hierarchical data representa-
tion. Drawing capabilities include wire frames, flat
and smooth shading, clipping, and hidden-surface re-
moval. RAP has been used to generate a variety of
complex, real-time display formats, such as the pri-
mary flight display (PFD) shown in the figure. In
a comparison between an Assembly-based PFD and
the high-level language-based PFD, the former took
8 months to implement whereas the latter took ap-
proximately 2 months to implement. Because RAP
is easier to write, debug, and maintain than Assem-
bly programs, it enhances programmers’ productiv-
ity and reduces the cost and time required for flight
display development. This tool has been brought in-
house at Langley Research Center and is being used
to develop new displays.

(Jack J. Hatfield, 3917)

Rotatable Antialiased Character
Set for All-Raster Flight Displays

The need for arbitrarily oriented, high-quality
alphanumerics in all-raster flight display systems has
emerged as an essential requirement. This is of im-
portance in situational-awareness displays in which
human factor researchers have found that alphanu-
merics which track the orientation of the display pro-
vide additional positive cues. This effort determined
the feasibility of incorporating a high-quality, rotat-
able alphanumeric font into the PDG technology base
being pioneered by Langley Research Center.
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PRESTORED ANTIALIASED FONT

Comparison of techniques for character rotation
wn all-raster horizontal situation indicator (HSI)
display format.

The Langley Research Center experimental PDG
has a fourfold image memory storage capacity com-
pared to its image display capacity. The effort took
advantage of the extra image memory by storing
prerotated fonts at small angular increments which
could be copied, in high-speed random access fash-
ion, into the display portion of memory during the
run of flight displays to produce seemingly contin-
uously rotatable alphanumerics. An oversized font
was entered into the PDG with a digitizing tablet,
and the PDG was used to shrink, transform (at
5.625°%increments), and antialias the font. The copies
of the font were stored in the unused memory. Dur-
ing the run of the flight display, the font copy with
the appropriate orientation was copied into the dis-
play memory as a function of the resultant display
rotation angle. Additional economies were accrued
by using a mirroring rule that covered the 360°range
of rotation using only the stored first quadrant of the
font. This technique and the competing technique of
dynamically rotating stick characters were used to
generate a horizontal situation display. The qual-
ity of the new stored-font technique, in comparison
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TRANSFORMED RASTER-VECTOR FONT

with the stick-character technique, is readily appar-
ent from the figure.

Several flight displays were generated in real-
time with excellent results using the new technique.
The study established the feasibility of generating
high-quality, real-time, rotatable alphanumerics that
are superior in boldness, smoothness, and clarity to
those that could be obtained with a vector font.
(Jack J. Hatfield, 3917)

Interactive Editor for Definition
of Touch Sensitive Zones

In the effort to develop more efficient man/
machine communications methods, touch displays
have shown potential as straightforward input sys-
tems. Although a wide variety of systems exist, the
needed software is often repetitive and requires nu-
merous lines of code. As a result, an interactive edi-
tor and applications package have been developed to
simplify the process of implementing touch screens
as input devices.
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The touch editor allows for interactive definition
of touch-sensitive areas for graphics displays. Each
area is defined by touching the screen in one corner
of the desired zone, and then moving to the opposite
corner of the zone without leaving the screen. As
this is done, a rectangle is drawn on the monitor
showing the user the touch zone as it is defined. The
rectangular area expands dynamically with the touch

s

Off-line edit session

L-86-8960

SYMBOLOGY

ENTER 5TAR

ENTER WAYPT

FLT PLAN DATA

Area definition

L-86-7426

Interactive editing session that defines touch zones
utilizing the touch editor.
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movement, in a manner similar to a rubber band,
and stops when the user exits from the screen. As
touch areas are defined, the coordinate information
is written to a data file that is used by an application
program and the application package to determine if
an area has been pressed.

The editor is composed of a set of subrou-
tines which links directly to a user’s display gen-
erating software. It is presently implemented on
a VAX-11/780 minicomputer and Adage-3000 pro-
grammable display generator, but because of its
modular organization the editor can be easily adapted
to any hardware. Through the use of the touch edi-
tor and associated application package, the process of
integrating touch screens as input/output devices in
aerospace applications should prove to be simplified
considerably and should require much less develop-
ment time.

(Denise R. Jones, 4684)

Defect-Free High-Resolution
Electroluminescent Display Achieved

Planar Systems, Incorporated, under a contract
funded jointly by NASA and the U.S. Army, has
succeeded in producing defect-free high-resolution
electroluminescent display panels. These panels are
being used in a display system developed by Hy-
com, Incorporated (also under joint NASA and Army
funding) which is capable of displaying video and
graphics in 16 shades of gray. Earlier display panels
suffered from numerous line and column defects that
made the display unacceptable as a flight display.

The display panels are 5.1 X 6.4 in. in size and
have 512 rows x 640 columns of picture elements
(pixels), corresponding to 327,680 individually ad-
dressable pixels in each panel, with a resolution of
100 pixels per in. With this accomplishment, flat-
panel electroluminescent display technology can now
provide sufficient screen size, resolution, and address-
ing speed, along with minimal defects, to be con-
sidered for primary flight and navigation displays in
research simulators. Before the electroluminescent
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display technology can be applied in the flight envi-
ronment, however, its brightness and constraint ratio
under high ambient illumination must be improved.
(James B. Robertson, 4682)

L-87-3896

TV rendition of an electronic primary flight display
(PFD) format on 8-in. diagonal, high-resolution
electroluminescent flat-panel display.

Flight Demonstration for Failure
Detection and Isolation of
Redundant Inertial Sensors

To achieve desired performance and economic
improvements in the next generation of aircraft,
flight control systems will rely heavily on the onboard
sensor complement. Safety and flight control system
reliability requirements dictate a high level of redun-
dancy for these sensors. To meet these requirements
an optimally designed redundant strapdown inertial
measurement unit (RSDIMU) operating with effi-
cient redundancy management algorithms has been
developed.

Optimality in the RSDIMU design has been
realized with a skewed array of sensors. Efficient
redundancy management concepts have been devel-

oped with failure detection and isolation (FDI) tech-
niques. Failure detection is accomplished by com-
parison of the RSDIMU sensor measurements with a
failure threshold. Isolation of failed sensors is accom-
plished through logic techniques. An isolated failure
is removed and the system is reset to eliminate cor-
rupted information from the avionics systems.

A series of flights in a commercial transport
aircraft was used to test the developed concepts.
Simulated failures were added to the RSDIMU gyro
and accelerometer sensor measurements during the
flights. Timely detection and isolation of the sen-
sor failures provided successful demonstration of the
redundancy management concepts. The figure illus-
trates the failure detection tests for accelerometers
during a 15-min flight. Threshold test 1 shows the
effects of a sensor failure applied at 675 s. The fail-
ure is detected when the threshold test goes posi-
tive. Threshold test 2 has unfailed accelerometers
and shows the threshold dynamic effects due to air-
craft takeoff, course adjustments, and landing.
(Frederick R. Morrell, 3404)

Takeoff Course Landing
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Threshold
test 2
Threshold 3 i 1 ]

test,
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Threshold

test 1 Injected failure : /
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Navigation-level threshold tests for failed and
unfailed accelerometers.

Estimating the Distribution of Fault
Latency in Digital Processors

The reliability analysis of a reconfigurable com-
puter system requires detailed information about the
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fault occurrence and fault-recovery behavior of the
system. A major component of the recovery pro-
cesses of a fault-tolerant system is fault latency.
Fault latency is the time interval from the occurrence
of the fault until the fault generates an error. Dur-
ing their latency period, faults cannot be detected
and removed by the system’s fault-tolerance mecha-
nisms. Consequently, the longer a fault lies latent,
the greater is the probability that a fault will arrive
in a second processor, and, at some later time, both
faults will produce errors simultaneously. These si-
multaneous errors can defeat the voting system and
cause system failure.

Since the time-of-error generation is not directly
observable in a physical processor, measurements of
fault latency in a digital processor were previously
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researchers using the statistical theory of isotonic re-
gression to obtain better distribution estimates and
to provide quantification of the accuracy of the esti-
mates with statistical confidence bounds.

Fault latency has been measured in two fault-
tolerant computers located in the Langley Research
Center AIRLAB (Avionics Integration Research Lab-
oratory) Facility. Over 15,000 fault injections have
been performed on one of the computers by Univer-
sity of Michigan graduate students providing mea-
surements for fault latency in the central processing
unit (CPU) control path, CPU data path, and cache
controller. Over 4,500 faults have been injected in the
other computer yielding estimates of fault latency in
the CPU, memory, and broadcast bus.

Fault latency in physical systems can now be
estimated. The method provides estimates of pa-
rameters with quantifiable accuracy (i.e., confidence
bounds) to which reliability analyses are sensitive.
(Ricky W. Butler, 3681)

Development of Confidence Limits
for Estimating Software Reliability

As the demand for highly reliable computer sys-
tems increases, accurate estimation of the reliability
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of software has evolved into a major concern. Previ-
ously, only single estimators with no associated level
of statistical confidence were used to estimate re-
liability and the time to the next software failure,
and asymptotic techniques were utilized to construct
bounds for software reliability. The goal of this re-
search was to develop a more precise approach to
estimating reliability from available software failure
data.

To estimate software reliability with correspond-
ing confidence levels, the statistical method of pivotal
functions was applied to the widely used Moranda re-
liability growth model. Two pivotal functions for pre-
dicting reliability and the time to the next software
failure were constructed from the model. Based on
simulations of the pivotals distributions, confidence
limits for reliability and the time to the next software
failure were generated.

A study of the pivotal distributions with respect
to asymptotic techniques has clearly showed that the
asymptotic approach to estimating software reliabil-
ity is inadequate when only a small number of errors
are found in the software. This result is particularly
important since available software failure data sug-
gest that only a small number of errors will be found
during testing. This research also demonstrated the
sensitivity of predictions to the assumption that the
times between software failures are exponentially dis-
tributed. Hence, the Moranda model may not ade-
quately describe the software failure process in all
situations. Overall, the pivotal function approach
to software reliability has provided a means to deter-
mine exact confidence and to predict limits regardless
of the number of errors found in the software.

(Kelly J. Dotson, 3681)

Wideband Electric Field
Measurement System

The ultrahigh frequency radar observations of
direct lightning strikes to the NASA F-106 airplane
have indicated that most of the 690 high-altitude
strikes encountered by the F-106 during direct-strike
lightning test flights were triggered by the airplane.
Further study of the associated initiation phenom-
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Assessed Fuel Penalties and
Time Flexibility of 4-D Flight
Profiles in Mismodeled Wind

Advanced air traffic control systems, which in-
corporate time-based metering of traffic, are cur-
rently being developed. Airplanes in the system must
be able to consistently achieve accurate arrival times
at predefined metering points. Individual airplane
fuel penalties incurred while correcting for mismod-
eled winds must be outweighed by the benefits of
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reduced delays provided by the time-based air traf-
fic system. The objective of this effort has been to
quantify the time capabilities and fuel penalties of
individual 4-D flight profiles in the presence of wind
€errors.

These data are useful in cost and benefit studies
for determining the level of wind accuracy needed to
support cost-effective time-based air traffic control.
A parametric sensitivity study has been conducted
to evaluate time flexibility and fuel penalties associ-
ated with 4-D operations in the presence of mismod-
eled wind. Sensitivity results have been obtained for
a typical 200-nmi cruise and descent flight segment
with speeds and altitudes bracketing the capabilities
of the airplane. Typical results are shown in the fig-
ure. Mismodeled tail winds have been found to pe-
nalize the airplane to a greater extent than mismod-
eled head winds. Higher cruise altitudes have further
reduced time flexibility and increased fuel penalties.
Airplane drag characteristics and speed capabilities
have been found to significantly influence these re-
sults.

(David H. Williams, 3621)

Effect of Motion Cues During Complex
Curved Approach and Landing Tasks

NASA is participating with the Federal Avia-
tion Administration in the Microwave Landing Sys-
tem Advanced Applications Program. This is a
multiphase program that uses both fixed-based and
motion-based aircraft simulators to define envelopes
of usable approach path geometry by considering
aircraft instrumentation, path tracking performance,
pilot acceptance, and workload. There was concern
that both quantitative and subjective measures be-
ing used to indicate pilot performance, acceptance,
and workload might be affected by motion, or lack of
motion, as sensed by the pilot. A study was then con-
ducted to determine the effects of motion cues during
manually flown, curved approach-and-landing tasks.

The results from this study suggest that
reliable performance measurements are obtainable
from fixed-based simulation for low-to-moderate-
complexity tasks. For high complexity tasks, how-
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ever, the performance measurements obtained in
fixed-base simulations are conservative, i.e., the
fixed-based simulation predicts somewhat poorer
performance than would be achieved during actual
flight operations (as shown in the figure).

(Charles E. Knox, 3621)
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Effect of motion on pilot-in-the-loop simulation
results (tracking performance).

Evaluation of Concept for Data Link
Air Traffic Control Message Exchange

Communication clutter on air traffic control
(ATC) voice radio frequencies in many busy termi-
nal areas and the resulting flight crew high workload
could be eased by using a two-way digital data link
to exchange routine ATC messages. The objective
of this data link research was to evaluate a base-
line concept developed at Langley Research Center
for exchange of tactical and certain noncontrol ATC
messages between the air traffic services and airborne
flight crews. The scope of this real-time simulation
concept evaluation was limited to the airborne inter-
face and operational issues in the flight deck.

Under the concept, messages were formatted for
presentation on a typical control display unit that
required a two-keystroke action by the flight crew
to generate and dispatch a “roger” or “unable” re-

56

sponse. The photograph shows examples of ATC
messages received over the data link and displayed in
an alphanumeric format. Complete operational pro-
tocols and a baseline message set applicable to the
concept were developed under an Advanced Trans-
port Operating Systems (ATOPS) contractual effort
with the MITRE Corporation. Voice radio contact
was maintained for lengthy negotiations and as a
backup capability.

TSRY MOVING
Map

L-86-8062
ATC message examples displayed on control and

display unit (CDU) in Transport Systems Research
Vehicle simulator cockpzt.

The test results indicated that the flight crews
preferred using the data link for exchanging rou-
tine ATC messages and facility status information.
The first officer’s ATC communication workload was
rated lower with the alphanumeric presentation of
messages; however, pilot comments indicated that
pilots with low flight time, when they are actively
flying the aircraft, could benefit by having spoken in-
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coming messages in addition to an alphanumeric dis-
play. This research has provided a basis for continued
development of an ATC message exchange concept
based on data link capability. Alphanumeric presen-
tation of messages to the flight crew proved highly
beneficial; however, the research identified a need to
improve the interface (possibly through application
of voice regeneration technology) for the pilot who
was actively controlling the aircraft.

(Marvin C. Waller, 3621)

Takeoff Performance
Monitoring System

A Takeoff Performance Monitoring System
(TOPMS) has been developed to provide pilots with
graphics and numeric information pertinent to their
decision to continue or reject a takeoff. As shown
in the figure, the TOPMS head-down display con-
sists of a runway graphic overlaid with numerics and
symbols that indicate: runway length; current posi-
tion and airspeed; decision speed (V1) and rotation
speed (VR) and where each occurs; limit (per FAA
regulations) of the ground roll distance available for
reaching VR; predicted stop point from current con-
ditions; engine-status flags; and an overall situation
advisory flag that recommends continuation or rejec-
tion of the takeoff. Initially, balanced field length
(i.e., the legal-minimum field length for the aircraft
weight and existing ambient conditions) is displayed;
after noting this value, the pilot enters the actual
length of the assigned runway, and the display ad-
justs accordingly. When an abort is initiated, all
takeoff-related information disappears leaving only
the airplane position, speed, and predicted stop point
as cues.

Over 30 experienced Air Force, airline, industry,
and government pilots working as two-man crews in
the Langley Research Center Transport Systems Re-
search Vehicle Simulator have flown, rated, and com-
mented on the TOPMS displays. They rated the sys-
tem “good” (3 on a 1 to 10 scale). They agreed that
the “pilot not flying” should have primary respon-
sibility for monitoring the display. In addition, they
agreed that the “pilot flying” should have a simplified
head-up TOPMS display implemented on his or her

side. In a following study, 17 pilots evaluated a mod-
ified head-down and a simplified head-up TOPMS
display. Ratings and comments were quite favorable.

A patent request has been submitted, and the
system has received an IR-100 award for 1986.
(David B. Middleton, 3595)
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Stochastic Optimal
Feedforward/Output Feedback
Controls Design Methodology

A practical direct-digital design of multi-input/
multi-output (MIMO) flight control system (FCS)
has been developed under a Langley Research Cen-
ter contract with Information and Control Systems,
Inc. This design method has been named SFF/OFB
for stochastic optimal feedforward/output feedback
control.

Current methods for the calculation of feedfor-
ward gains are computed using perfect models (mod-
els with no noise). In SFF/OFB, the feedforward and
feedback gains are computed using stochastic mod-
els (based on noise statistics). The methodology al-
lows designers to choose the measurements they wish
to use for feedback. These feedbacks may be direct
sensor measurements or filtered quantities whose dy-
namics may be included in the design model without
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the added complexity this inclusion would introduce
in optimal full-state feedback design. The method-
ology accommodates integral feedback to eliminate
steady-state errors; dynamic compensation to reduce
sensitivity to noisy sensors and disturbances such as
wind gusts; rate control for smooth control and re-
duced control activity; incremental implementation
to eliminate storage of the trim values as well as the
problems associated with integrator buildup; and re-
duced sensor complement for less hardware complex-
ity and lower costs. In general, an SFF/OFB FCS
design will be less complex than the full-state FCS
design since SFF/OFB does not require a Kalman
filter. Experience has shown that an SFF/OFB de-
sign requires 45 percent less memory than a full-state
design.
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The SFF/OFB method was applied to the design
of an autoland system for the Advanced Transport
Operating Systems (ATOPS) Boeing 737 research
aircraft, and its performance was tested in a non-
linear digital simulation of the aircraft. The plots
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Two display configurations were used. The first
configuration consisted of two display formats, a pri-
mary flight display (PFD) and a horizontal situation
display (HSD) format, in which each was placed on
separate displays in a conventional PFD above the
HSD orientation. For the second configuration, the
HSD format was combined with the PFD format.
Four subjects participated in this study, with data
collected on subjective opinion, performance parame-
ters, pilot-control inputs, and physiological measures
to include oculometer measurements (eye scan).

The results showed that, from a performance
and subjective standpoint, the combined configura-
tion was slightly better than the separate configu-
ration. Additionally, a potentially significant result
was shown in the eye-scan behavior data. If the vi-
sual time available for the primary display is consid-
ered critical, then a 46-percent increase in available
time (that is, dwell time and transition time asso-
ciated with the second display) would occur when
going from a two-displays configuration to a single-
display configuration. This result is relevant to pic-
torial, primary display formats, in which both the
vertical and horizontal information are presented on
a single display.

(Terence S. Abbott, 3917)

Validated Wind Shear Model
Through Comparison With
Dallas-Fort Worth/Delta
Airlines Microburst Event

A wind shear model, based on the atmospheric
physics associated with microburst phenomena, has
been developed at Langley Research Center in the
Wind Shear Research Program. The model (once
initialized with a set of ambient atmospheric con-
ditions and followed by an arbitrary triggering dis-
turbance (assuming the initial conditions were con-
ducive)) spontaneously generates the full-state out-
put for the microburst. This output includes, for
example, the vector wind field and radar reflectiv-
ity as a function of X, Y, and Z, and time. The
objective of this research effort was to provide a vali-
dated data set, generated by the model, which corre-

sponded to a specific microburst occurrence. Having
thus validated this data set, one can, with a consid-
erable degree of confidence, employ this data set in
a host of research, development, and training appli-
cations which require the high-resolution, expansive
volume, and time-variant characteristics of the mi-
croburst state variables.

On August 2, 1985, a Delta Airlines L-1011
encountered a microburst-induced wind shear and
crashed during a landing approach at the Dallas-Fort
Worth airport. Extensive analysis of that accident
by numerous investigators resulted in the develop-
ment of a great deal of information concerning at-
mospheric conditions just prior to the occurrence of
the microburst, as well as information concerning the
microburst event itself (such as the outflow propaga-
tion rate at ground level and the existence and loca-
tion of rain and hail). This atmospheric information
was used to initialize the model, which then gener-
ated the full-state output of microburst parameters.
These parameters were then compared with informa-
tion deduced from the actual event.
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Excellent agreement was obtained between the
model outputs and corresponding data from the mi-
croburst. An example of this agreement is shown
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in the figure, which is a comparison of the observed
and predicted outflow diameter of the microburst at
ground level, as it propagated from a diameter of
zero to approximately 6 miles over a period of 7 to
8 minutes. Observed data were provided by a Lear jet
prior to the L-1011 wind shear encounter and by an
American Airline 727 after the L-1011 had crashed.
(Roland L. Bowles, 3621)

Identification of Wind Shear
Hazard Index for Design of
Alert and Warning Systems

Key to the development of airborne wind shear
detection, warning, and avoidance systems is the
identification of a hazard index that exhibits func-
tional dependence on atmospheric states that can be
reliably sensed and that scales with available aircraft
performance in such a way that the index predicts
impending flight path deterioration. This hazard in-
dex must also account for factors such as the sta-
tistical nature of the wind shear threat, fusion of
present position and “forward-looking” sensor capa-
bilities, and development of objective methods for
determining system warning thresholds, which con-
sider the potential for nuisance alerts. The objective
of this research was to derive an aircraft-specific haz-
ard index based on accepted fundamentals of flight
mechanics and current state of knowledge of wind
shear phenomena. The accomplished research has
yielded new concepts for airborne wind shear warn-
ing and alert systems. The significance and impact
of the derived techniques have been acknowledged by
domestic aircraft and avionics manufacturers and by
international companies such as Aerospatiale Com-

pany.

An analysis was conducted which revealed the
importance of aircraft energy balance for flight in
spatially and temporally varying wind fields. The
analysis revealed that the rate of change of spe-
cific energy (potential climb rate) depends linearly
on a nondimensional parameter that only contains
information regarding air mass movement. Further
analysis indicated that the subject parameter can be
physically interpreted as the loss in available excess
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the normal operating range. When a failure occurs,
many parameters may go out of range simultane-
ously. Such a situation requires the flight crew to
rapidly assimilate a large amount of information and
provide a diagnosis. Expert systems technology has
demonstrated success in a number of application ar-
eas, but mainly in static environments. The objective
of this research has been to apply existing technol-
ogy as appropriate, develop new concepts as neces-
sary, and evaluate the resulting concepts for aiding
transport flight crews in performing onboard fault
monitoring and diagnosis. The monitoring and diag-
nosis concepts developed within this research provide
potential for improved failure detection time and in-
creased crew situational awareness when failures oc-
cur, and therefore may result in reduced losses of life
and property.

"Faultfinder "'

, - sensors Fault " Infamos"
Fuel flow monitor
3500 Symptoms: Fuel flow high
Fault "'Draphys"
diagnosis

Faults: Fuel leak

Recovery
planner

Prognosis:

Intelligent
interface

Aiding: Situation-adapted

information

Fault-monitoring and diagnosis process.

A conceptual architecture for an onboard fault-
monitoring and diagnosis expert system has been
developed and implemented in a computer program
called Faultfinder. The approach implemented in
Faultfinder separates the monitoring process from
the diagnosis, as shown in the figure. Faultfinder

is unique in that it utilizes qualitative, causal, and
temporal reasoning to perform diagnosis of known
faults as well as unanticipated failures. Faultfinder
is currently implemented for diagnosis of an aircraft
propulsion and hydraulic subsystem.

(Kathy H. Abbott, 3621)

Controls/Structures/Electromagnetics
Interaction Technology for
Large Space Antennas

The objective of this research program is to de-
velop multidiscipline methodology for optimizing ra-
dio frequency (RF) performance of large space an-
tennas by combining and upgrading discipline tech-
nology in the areas of controls, structures, and elec-
tromagnetics and to verify this technology through
a series of evolutionary experiments using the 15-m
antenna as a generic test article.

The 15-m antenna tests will be extended to in-
clude motorized surface adjustment, adaptive feed
electronic compensation techniques, and an inte-
grated discipline code. Testing will begin with a se-
ries of experiments to determine the limit of reflector
surface smoothness improvement possible using the
motorized control and the deployment repeatability
of the antenna. Analytical studies will be made with
related experiments to determine the accuracy limit
of the engineering analysis language (EAL) struc-
tural dynamics model already developed for the 15-m
hoop/column antenna.

The surface control system has been designed,
parts have been procured, and fabrication of the pro-
totype has been completed. A procedure has been de-
veloped for determining the amplitude and phase ex-
citation coefficients for an array feed which will com-
pensate for the degradation in RF performance due
to reflector antenna distortion. Some computer sim-
ulations have been performed to determine the po-
tential improvement to be realized. The actual mea-
sured surface distortion of the 15-m hoop/column an-
tenna was used as a test case. Simulations indicate
that with a reasonable number of feed elements (37),
levels approaching ideal (undistorted) performance
can be achieved. In addition, the gain loss due to sur-
face distortion can be reduced from 0.74 to 0.06 dB
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at the C-band. This gain improvement corresponds
to an equivalent root mean square (rms) surface dis-
tortion reduction from 0.061 to 0.017 in., although.
the actual rms surface distortion remains at 0.061 in.
These initial studies indicate that side lobe interfer-
ence requirements in a multiple-beam communica-
tion antenna system could be achieved by providing
amplitude and phase control of the multiple-feed el-
ements during reflector surface distortion changes.
(William L. Grantham and M. C. Bailey,
3631)

RADIATION PATTERN CONTOURS (C-BAND)

IDEAL DISTORTED COMPENSATED

92° 88° 90° 92°

Analytical simulations of adaptive feed compensa-
tion using measured 15-m reflector surface.

Optimal Open Multistep
Discretization Formulas
for Real-Time Simulation

Real-time simulations of aerospace systems play
an important role in training and system develop-
ment. Unfortunately, either a great deal of comput-
ing power or a great deal of time is consumed in cal-
culating the plant state derivative in realistic simula-
tions, and this leads to specification of an expensive
computer for implementing the simulation and adop-
tion of a large time step between simulation frames.
The latter option is undesirable because of numerical
inaccuracy and instability problems that are associ-
ated with using large time steps.
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When good simulator fidelity can be attained with
a lower update rate, more detail can be built into
the simulation for given computational power. Con-
versely, a given simulation can be implemented using
a less powerful computer.
(D. D. Moerder, 4591)

Control of Multiple Robot Arms

A general control structure for coordinated
movement of multiple robot arms has been imple-
mented. An operator commands an objective to
move with a velocity (velocity control) in a desired di-
rection with respect to a selected axis system. Com-
manded velocity is resolved into robot arm joint
rates. Multiarm coordination is achieved by choos-
ing the same object and movement reference frame
for each robot arm. Position control (“go to” com-
mands: (z, y, 2; orientation)) which allows the build-
ing of high-level move commands (scripts or task
primitives) is also based on this structure by using
a velocity proportional to the position error. The

control structure incorporates force and torque com-
pensation to null the gravitational effects and for ac-
tive compliance to control undesired forces.

L-87-468

Dual robot arm control.

The photograph shows dual robot arm control.
The operator, sitting in front of a computer terminal,
selects an axis system at the center of a long construc-
tion beam. Then, with a six-axis hand controller, the
beam is commanded to move (translation and rota-
tion) in a certain direction. In response, both robot
arms move the element in a coordinated manner in
the commanded direction. Force and torque sensors
at the robot wrists are used to detect gravity forces
and provide manipulator compliance.

(L. Keith Barker and Donald Soloway, 3871)

Space Truss Assembly Using
Teleoperated Manipulators

The assembly of a truss structure by two ex-
travehicular activity (EVA) astronauts in the bay
of the Space Shuttle was successfully accomplished

Teleoperator structural assembly task.
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in the Access I experiment in November 1985. To
demonstrate the capability of teleoperated manipu-
lators to accomplish realistic space assembly, the Ac-
cess experiment was repeated in a ground-based lab-
oratory using a teleoperated manipulator. The pho-
tograph shows the laboratory tests in progress at the
Oak Ridge National Laboratories using the Central
Research Laboratory’s model M-2 master/slave servo
manipulator. The hardware employed was a combi-
nation of that actually used on the Space Shuttle and
that used to train the astronauts in water immersion
facilities for the experiment. In the ground-based
demonstration, the manipulator system was substi-
tuted in the role of one of the astronauts while a per-
son in shirt sleeves performed the role of the other
astronaut.

The unmodified manipulator system was found
to have sufficient dexterity to do the task. As was

expected, it took longer to complete the task (about
three times as long on the average). Also, a rela-

tively small number of components were dropped or
otherwise mishandled, an occurrence that could not
be permitted in space. It is believed, however, that
these mishaps could be eliminated entirely by train-
ing and equipment modifications.

(Walter W. Hankins, III and Randolph W.
Mixon, 3871)

Microgravity Crystal
Growth on Mission 61A

Crystal growth on orbiting spacecraft such as
the Space Shuttle and the future Space Station is
very important to progress in materials science. Due
to the balance of certrifugal force and gravitational
force, the net force (or weight) on an object in low
Earth orbit is reduced far below the level felt on
the Earth’s surface. This reduction of net forces
produces a concomitant reduction in convection in
the crystal growth fluid, and, consequently, a class of
crystals that cannot be grown on Earth can be grown
in space.

In order to test the limits of fluid flow reduction
in low Earth orbit researchers at Langley Research
Center designed an experiment to be performed in
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performing analyses, a fundamental issue was iden-
tified. For the primary study and similar configura-
tions, the longitudinal aerodynamic center of pres-
sure moved forward from approximately 78 percent
body length at Mach 1.5 to 53 percent at Mach 23.5.
This very large shift, due to the Newtonian shadow-
ing effect, was calculated by two different stability
and control derivative estimation codes (Digital Dat-
com and Aerodynamic Preliminary Analysis System
(APAS)) and is consistent with experimental data
from wind tunnel tests. The forward shift in the ex-
perimental data is said to be due to boundary-layer
growth and flow separation aft of the largest cross
sections of the vehicle.

It was also found that control power was re-
duced significantly at the high hypersonic Mach num-
bers for similar reasons. The center of mass for the
study configuration varied from 67 percent to 69 per-
cent body length, which is representative of evolving
NASP configurations. This combination guarantees
static stability at high Mach numbers and indicates
that active stabilization will be required and simple
aerodynamic surfaces may not have sufficient con-
trol power to provide the required stability. Hence,
a combination of moment-generating devices may be
needed to ensure that appropriate stability and con-
trol margins can be maintained under uncertainty.
Similar issues will exist for the directional axis.
(John D. Shaughnessy, 3608)

80 — Aerodynamic center

Body
length,
%

Mach number

Typical NASP aerodynamic center and center of
mass vartation with Mach number.
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The Space Directorate conducts research in
atmospheric and Earth sciences, identifies and devel-
ops technology for advanced transportation systems,
conducts research in energy conversion techniques for
space applications, and provides the focal point for
conceptual design activities for both large space sys-
tems technology and Space Station activities.

The Atmospheric Sciences Division is a leader
in the area of atmospheric sciences. Its researchers
are involved in seeking a more detailed understand-
ing of the origins, distributions, chemistry, and trans-
port mechanisms that govern the regional and global
distributions of tropospheric and stratospheric gases
and aerosols, and in the study of the Earth radiation
budget and its effect on climate processes. The re-
search seeks to better understand both natural and
anthropogenic processes and covers a wide spectrum
of activities, including the development of theoret-
ical and empirical models; collection of experimen-
tal data from in situ and remote-sensing instruments
designed, developed, and fabricated at Langley Re-
search Center; organization of extended field exper-
iments; and development of data management sys-
tems for the efficient processing and interpretation of
data derived from airborne and satellite instruments.

The Space Systems Division conducts research
and systems analysis studies of advanced transporta-
tion systems, large space systems, and Space Sta-
tion concepts; analytical and experimental research
in hypersonic aerodynamics and aerothermodynam-
ics; hypersonic computational fluid dynamics code
development and studies; and basic research on en-
ergy generation and conversion techniques for poten-
tial use in space. The division is a leader in the de-
velopment of highly interactive computer-aided de-
sign tools that enable rapid conceptual design and
evaluation of space vehicles and spacecraft and iden-
tification of technologies needed to develop these
space systems. Space systems such as Earth-to-orbit
launch vehicles, Shuttle II, utility vehicles, and or-
bital transfer vehicles are developed and evaluated.
Flight experiments are developed that use the Space
Shuttle orbiter as an orbital platform and reentry re-
search vehicle and that use entry vehicles launched
from the Space Shuttle to study aerothermodynamic
and aerodynamic characteristics. The results pro-
vide a data base for development of advanced vehicle
systems.

The Space Station Office is the focal point
for Langley Research Center’s involvement in the
Agency-wide Space Station Program and is responsi-
ble for the implementation and coordination of Lang-
ley’s direct support of this program. The Space
Station Office is NASA’s lead office for the identifica-
tion, definition, and evaluation of the Evolutionary
Space Station capabilities and for the identification
of technology and advanced development required
for long-term evolutionary development. The office
represents the engineering community as technology
users of the Space Station. It also advocates flight ex-
periments on future Space Shuttle flights which con-
tribute to Space Station technology use as well as
flight experiments from technology programs which
can contribute to both the initial operational capabil-
ity and the evolutionary station. The office provides
Langley Research Center support to the NASA-wide
in-house Space Station systems engineering and inte-
gration in areas consistent with demonstrated Lang-
ley capabilities and expertise.

Comparison of Climate
Model Simulations With
Satellite Observations

Climatic changes, such as those anticipated for
increases in the concentrations of carbon dioxide,
can be simulated with general circulation models

(GCM’s). The accuracy of the GCM climate predic-
tions is a crucial issue in modern atmospheric science.

In both a GCM and in nature, the outgoing ther-
mal infrared radiation (IR) balances the incoming
solar radiation on a global, annual average. Short-
term geographical imbalances in solar heating and
IR cooling drive the global weather. The IR is de-
termined by the distribution of temperature, water
vapor, traces gases, and cloudiness. The modeled
GCM and observed Nimbus 7 Earth Radiation Bud-
get (ERB) and Advanced Very-High-Resolution Ra-
diometer (AVHRR) fields of IR for January have
been averaged about each latitude belt and are plot-
ted in the figure.

The GCM (as shown by the dashed line) has a
separate field of IR for the model clear-sky condition
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(as shown by the circles). The model cloud fields
have brought the GCM into close agreement with
the Nimbus 7 ERB (as shown by the solid line)
and AVHRR (as shown by the squares) satellite
observations over much of the globe. Time series
analyses of the GCM and satellite IR are being
compared to suggest physical processes that should
be included in succeeding generations of the model.
(Thomas P. Charlock, 2977)

O  AVHRR
Clear-sky conditions

OIR (W/M™2)
outgoing mean

0
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Latitude, deg

Zonally averaged outgoing thermal IR tn model and
satellite observations.

Laboratory Measurements
of Ozone Infrared Spectrum

Detailed knowledge of the ozone infrared spec-
trum is needed for accurate calculation of atmo-
spheric heating and cooling rates due to changes in
the stratospheric ozone layer. Recent remote-sensing
experiments have shown that space-based measure-
ments of infrared absorption or emission can be used
to accurately determine the concentration and distri-
bution of stratospheric ozone on a global scale. Labo-
ratory investigations have been performed to improve
our knowledge of the ozone spectrum at wavelengths
between 5 and 15 um. These measurements utilized
both the McMath high-resolution Fourier transform
spectrometer (FTS) at the National Solar Observa-
tory on Kitt Peak, Arizona, and the tunable-diode
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have resulted in precise broadening coefficients for
over 50 spectral lines not previously measured and
the first measurements of pressure-induced line shifts
for ozone.

(Mary Ann H. Smith, 2576)

Stratospheric Remote Sensing Using
Emission Far-Infrared Spectroscopy

The vertical mixing ratio profiles of HoO, HDO,
O3, heavy ozone, HF, HC{, HCN, and OH in
the stratosphere are retrieved for high-resolution
far-infrared emission spectra. These spectra were
obtained with a balloon-borne Fourier transform
spectrometer in the spring of 1979 at 32°N. A non-
linear least-squares fit method is used in the anal-

ysis. The results are obtained relative to the O
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mixing ratio whose emission features can be found
in the same spectra. The retrieval of OH together
with other species should be particularly significant
for the study of upper stratospheric photochemistry
although the errors are relatively large (30 to 35 per-
cent for OH and 20 to 28 percent for other species).
The OH mixing ratio distributions retrieved from two
spectral intervals (i.e., 61 and 83 cm‘l) are shown in
the figure. Other profiles are taken from the World
Meteorological Organization (WMO) 1986 report en-
titled Atmospheric Ozone 1985, Global Ozone Re-
search and Monitoring Project Report Number 16.

In a subsequent balloon flight in the summer of
1983, much stronger emission features of OH have
been measured. These data are being analyzed to
obtain more accurate vertical profiles as well as the
diurnal variation of the OH missing ratio.

(Jae H. Park, 2310)

infrared Measurements of
Atmospheric Gases Above South Pole

High-resolution infrared solar spectra (recorded
shortly after the time of the Antarctic spring ozone
hole in 1980 and 1986 by the University of Denver at-
mospheric spectroscopy group from the Amundsen-
Scott Station at the South Pole) have been analyzed
at Langley Research Center and the University of
Denver. This analysis has resulted in simultaneous
measurements of a large number of atmospheric
gases, several of which are thought to be key to
understanding the chemistry that occurs during the
Antarctic ozone hole. The measurements define, for
the first time, the levels of these species immediately
following the breakup of the polar vortex.

The retrieved amounts for several important
gases are different from extrapolations of measure-
ments made at lower latitudes. For example, the to-
tal HCZ column above the South Pole is considerably
larger than would be expected on the basis of earlier
Northern and Southern Hemisphere latitudinal sur-
veys. Because the same instrument was used for the
1980 and 1986 measurements and the same spectral
line parameters and analysis method were used in
analyzing both data sets, the precision in compar-
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ing the measuremen : from these two dates is high.
For these reasons, it as been possible to quantify or
determine meaningfit upper limits for differences be-
tween the 1980 and )86 total atmospheric amounts
of a number of speci s.

As illustrated in he figure, an increase in the ab-
sorption by CF3C¥o, he most abundant chlorofluoro-
carbon in the atmos here, has been detected. Anal-
ysis of these measur ments has yielded an estimate
of 3.6 2.1 percent er year for the average rate of
increase in the tota amount of CFoCfy above the
South Pole between 980 and 1986.

(Curtis P. Rinslar 1, 2576)
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Comparison of absorption by CF2Clo in South Pole
solar spectra recorded in 1980 and 1986.

Amazon Boundary-Layer Experiment

The Amazon Boundary-Layer Experiment
(ABLE) focused on assessing the role of biosphere/
atmosphere interactions on the chemistry of the at-
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mosphere over pristine tropical forests and wetlands.
The ABLE-2A was conducted in July and August
1985 during the dry season in order to character-
ize the chemistry of the undisturbed (nonprecipitat-
ing) atmospheric boundary layer. The ABLE-2B,
which was conducted in April and May of 1987 dur-
ing the wet season, investigated the chemistry and
transport of gases and particles influenced by large-
scale storm systems. The design and execution of
ABLE-2 was a collaborative effort of U.S. and Brazil-
ian scientists sponsored by NASA and the Instituto
Nacional de Pesquisas Espaciais (INPE), the Brazil-
ian space agency. Important facilities and logistical
support were also provided by the Instituto Nacional
de Pesquisas da Amazonia (INPA), Manaus, Brazil.
These experiments are part of a longer term study of
the chemistry of the atmospheric boundary layer and
are supported by the Global Tropospheric Experi-
ment (GTE) component of the NASA Tropospheric
Chemistry Program.

Several key results have confirmed the theo-
retical studies of the importance of these tropical
ecosystems to global trace gas chemistry and bud-
gets. Amazonian soils and vegetation are signifi-
cant sources of methane (CHy), nitric oxide (NO),
and isoprene (CsHg). During the dry season, NO
levels exceed those required for photochemical pro-
cesses to produce ozone (O3) over the undisturbed
rain forests of the Amazon. During the wet sea-
son, NO levels are lower, and photochemical pro-
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cesses destroy O3. Other biogenic emissions are also
present in the boundary layer where they and their
chemical products are subject to vertical transport
upward by thunderstorms to the free troposphere.
These mechanisms couple the tropical biosphere to
the global atmosphere and produce subsequent ef-
fects on the Earth’s air quality and heat budget. Gas-
phase formic and acetic acids were also measured
with indications that these organic acids were de-
rived from direct vegetation emissions and from pho-
tochemical reactions involving isoprene. In rain wa-
ter, these organic acids are the primary source of the
acid rain of natural origin in the Amazon Basin. Par-
ticulates found over the region were primarily com-
posed of organic carbon, and their existence suggests
a biogenic origin. The Amazon aerosol was also acid-
base neutral, in contrast to the acidic aerosol found
over the Northern Hemisphere industrialized regions.
The ABLE-2 documented land-clearing fires as an
important source of carbon monoxide, nitrous ox-
ide, and ozone in the atmosphere over the central
Amazon Basin.

The ABLE-2 expedition has been an initial step
toward understanding how the tropical rain forests of
the world influence global atmospheric chemistry and
climate. The development of new technologically so-
phisticated airborne and satellite measurement sys-
tems made the experiment possible. The expedition
demonstrated how ground, aircraft, and space tech-
nologies must be integrated with theoretical studies
to resolve issues of global habitability.

(J. M. Hoell, Jr., 4779 and R. C. Harriss,
4447)

Airborne Lidar Measurements
of Ozone and Aerosols Over
Amazon Basin During Wet Season

Extensive ozone and aerosol data were obtained
by the NASA Airborne Differential Absorption Li-
dar (DIAL) system over the tropical rain forest of
Brazil during April and May 1987 as part of NASA’s
Global Tropospheric Experiment ABLE-2B (Amazon
Boundary-Layer Experiment). The objective of the
airborne DIAL investigation was to study the sources
and sinks for ozone and aerosols in the boundary
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layer and free troposphere across the Amazon Basin
during the wet season. These data were contrasted
to results found during the ABLE-2A field experi-
ment, which was conducted over the tropical rain
forest during the dry season (July and August 1985).
The new capability of the airborne DIAL system to
simultaneously make measurements above and be-
low the aircraft permitted the mapping of ozone and
aerosol variability from the top of the forest canopy
to the upper troposphere. Investigations of ozone
and aerosol distributions and atmospheric structure
and dynamics were conducted in a broad range of
atmospheric conditions over the rain forest near
Manaus, Brazil.

In contrast to the data obtained during the dry
season over the Amazon Basin, the ozone levels in the
mixed layer were low (generally less than 10 ppbv
(parts per billion by volume)) with no evidence of
remnants of biomass burning or photochemical ozone
production. Ozone removal processes in this experi-
ment appeared to be much more efficient at the sur-
face than during the dry season, and substantial mix-
ing throughout the lower troposphere resulted in gen-
erally homogeneous vertical profiles at ozone mixing
ratios of 16 to 22 ppbv, which is about 10 ppbv lower
than in the dry season. The rate of growth of the
mixed layer was found to be about the same in both
seasons (5 to 10 cm/s); however, the strong trade
wind inversion that was seen during the dry sea-
son was not present during the wet season. Because
of the frequent wet season precipitation, the aerosol
loading in the lower troposphere was generally re-
duced compared to the dry season. Results from this
experiment are being interpreted in relation to the
chemistry and dynamics of the atmosphere over the
tropical rain forest of Brazil during the wet season.

(Edward V. Browell, 2576)

Modeling Space Radiation Effects

Knowledge of galactic cosmic ray interaction and
transport in bulk matter is needed to accurately ana-
lyze requirements for shielding astronauts and space-
craft components. Of particular interest is the high-
energy heavy ion (HZE) component of the incident
space radiation spectrum. As these high-velocity nu-
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clei strike the spacecraft, they undergo nuclear frag-
mentation (breakup), and these fragmented particles
may then undergo further interactions with the vehi-
cle structure and components and also with the bod-
ies of the astronauts. Accurate methods to describe
the transport of these HZE particles through bulk
matter are under development at Langley Research
Center. Solution of the HZE transport problem re-
quires solution of approximately 100 coupled, par-
tial differential-integral equations in six-dimensional
space. Ultimately, the task of assuring the accu-
racy and validity of both the equation coefficients
and the solution techniques is faced. Ideally, valida-
tion should be accomplished using detailed transport
data obtained from carefully planned and controlled
experiments. Unfortunately, only a paucity of such
data exists, and the actual conditions are almost im-
possible to model experimentally. Thus, other meth-
ods of validation must be considered.

Energy, Mn Flux at 10 g/cm2 Mn Flux at 20 g/cm2
Mev/amu Numerical Analytic Numerical Analytic
.0198 1.772E-6 1.780E-6 5,704E-7 5.768£-7
.1147 1.772E-6 1.7780-6 5.704£-7 5.768E-7
1.090 1.772eE-6 1.77%E-6 5.704€-7 5.767e~7
10.07 1.767€-6 1.771E-6 5.696E-7 5.753e-7
100.1 1.504E-6 1.503E-6 5.242e-7 5.291E-7
1059. 7.797e-8 7.806E-8 6.880E-8 6.918E-8
10490. 7.004E-10 | 7.004E-10 | B.728E-10 | 8.728E-10

Comparison of benchmark numerical simulation to
analytic solution for secondary manganese tons as
function of von energy and depth into aluminum
absorber.

Several different versions of HZE transport codes
are available. When used with the same input spec-
tra, interaction parameters, and boundary condi-
tions, all versions should yield comparable results.
The history of transport code development, however,
suggests otherwise. For this reason, Langley Re-
search Center has developed a realistic, nontrivial,
exact analytic solution to the simplified Boltzmann
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equation used to describe HZE transport. This so-
lution will serve as an absolute standard for code
comparison purposes. A comparison between the
analytic solution and the Langley Research Center
transport code is given in the table. The agreement
is within 1 percent in all cases.

(J. Wilson, 4211)

Analysis of Vegetation
Growth/Carbon Cycling at
Continental-Sized Geographic Scales

Global models of the cycling of carbon and its
impact on atmospheric chemistry and climate re-

quire accurate assessment of terrestrial plant growth
(transforming atmospheric CO2 into organic mate-
rial) and decay (releasing CO2 and CHy into the
atmosphere) over large areas. Experimental studies
have found correlations of remotely sensed spectral
indices with the mass of living vegetation per unit
ground area (biomass), the area of leaves per unit
ground area (leaf area index or LAI), and the amount
of light absorbed by the canopy for use in photosyn-
thesis (absorbed photosynthetically active radiation
or APAR). All of these parameters can be related to
the dynamics of plant growth and decay. However, it
is not known how effectively these experimental re-
sults can be extrapolated to continental, and larger,
sized areas of the Earth. An experiment has been
conducted in which field measurements of canopy

10

MSS7/MSS5 REFLECTANCE RATIO

GREEN LEAF BIOMASS

400 800

Relationship of commonly used remote spectral index (MSS7/MSS5 reflectance ratio) to green leaf biomass
(g/m?) in widely dispersed plots of a North American coastal plant. Plots north of 37°30°N (3) show a

different relationship than those south (+) of this latitude.
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spectral characteristics, biomass, and LAI were made
in plots scattered throughout the range of a single,
widely distributed wetland plant.

Important, systematic changes in the spectral
reflectance characteristics of this plant occurred
within its 17° latitudinal range. Mean near-infrared
reflectances of canopies in the northern half of the
range are nearly double those of the southern half.
The transition from one regional canopy type to the
other occurs quite abruptly near the center of the
plant’s latitudinal range (at approximately 37°30°’N).
Reflectance at visual wavelengths is unaffected. The
result is that continental assessment of biomass us-
ing the common near-infrared/visible spectral indices
would be severely affected (as shown in the figure).

The use of spectral indices to assess more fun-
damental radiative transfer properties of the canopy
is not subject to the observed latitudinal changes,
suggesting that large area studies can more reliably
address canopy parameters such as APAR. The ob-
served changes in canopy geometry also have po-
tential functional consequences for the plant which
would be of considerable interest if similar trends are
found for other plants and regions. It is concluded
that orbital assessment of vegetation over large ge-
ographic areas will be most consistent and useful
if directed at the radiative transfer (e.g., APAR)
rather than structural (e.g., biomass) characteristics
of plant canopies.

(David S. Bartlett, 4345)

Microbial Activity, Atmospheric
Gases, and Life on Mars

Nitrous oxide (N2O) is a trace gas in the Earth’s
atmosphere which has a mixing ratio of only 0.33
parts per million by volume. Nitrous oxide in the
middle atmosphere controls the global chemical de-
struction of ozone, which protects us from solar ul-
traviolet radiation. In addition, nitrous oxide is a
greenhouse gas that impacts the thermal balance of
our planet. Even though the concentration of N2O is
only a fraction of a part per million by volume, it is
more than 10 orders of magnitude greater than would
be expected from theoretical thermodynamic equi-
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librium calculations. This paradox can be explained
by the overwhelming production of atmospheric ni-
trous oxide by microbial activity in soils. Micro-
bial metabolic activity is an important disequilibrium
chemical process that significantly impacts the trace
gas composition of the atmosphere. The processes
and parameters that control the production of ni-
trous oxide and other biogenic gases in soil have been
studied in controlled laboratory experiments and in
experiments conducted in the field. Methane, ammo-
nia, and hydrogen sulfide are other important trace
atmospheric gases produced by microbial activity.

Mars as photographed during the Viking 2 approach
in August 1976. The Viking Project, managed at
Langley Research Center, included a search for life
at both lander sites.

The existence of these gases in the atmosphere
of Mars may indicate the existence of an active mi-
crobial biosphere on the Martian surface. Thermo-
dynamic equilibrium calculations indicate that these
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gases should not be present in the atmosphere of
Mars; our photochemical calculations indicate that
the lifetime of these gases should be extremely short,
if they exist at all. An experiment, which involves
high-resolution spectroscopic measurements of the
atmosphere of Mars from a Mars orbiter and/or
in situ measurements from a Mars lander or rover,
has been designed to search for these biogenic gases.
It is believed that the detection of trace gases of bio-
genic origin in the atmosphere of Mars would be an
unambiguous indication of the presence of an active
microbial biosphere.

(Joel S. Levine, 2187)

Atomic Oxygen Beam Generator

The combination of a spacecraft’s orbital veloc-
ity with the composition of the atmosphere at or-
bital altitude (200 to 1000 km) results in hyperther-
mal atomic oxygen O impinging on the spacecraft
surfaces with a flux of 10!% cm™2/s and a kinetic
energy E of approximately 5 eV. The high chemical
reactivity of this O-atom flux has caused substantial
degradation of organic materials onboard the Space
Shuttle and suggests that materials on the proposed
Space Station, composites used in large space struc-
tures, exterior coatings on the optics of the Hub-
ble Space Telescope, proposed ultraviolet telescopes,
and future laser communications systems may have
substantially reduced lifetimes. It is therefore essen-
tial to study the reactivity of these materials toward
atomic oxygen in ground-based laboratories.

A promising approach for developing a labora-
tory atomic oxygen gun to simulate the orbital con-
dition involves the use of two unique phenomena: the
unusually high permeability of oxygen through silver
and electron stimulated desorption. Normally, when
the O atoms arrive at the vacuum interface, surface
diffusion occurs and results in coverage of the sur-
face with a chemisorbed layer of atoms (< 500 °C).
By using an incident flux of low-energy electrons (100
to 500 eV) upon this surface, the O atoms are excited
to antibonding states and desorb predominantly as
hyperthermal O neutrals with energies 2 <E < 6 eV.

Results of laboratory experiments have demon-
strated proof of this concept and have shown that

oxygen transport through the silver membrane pro-
ceeds via the grain boundaries. Present research
efforts are centered around minimizing the silver
grain size to increase the atomic oxygen flux lev-
els to 1 x 1015 ¢cm—2 /s, thus providing a close ap-
proximation to orbital conditions. Applications of
this technique include mass spectrometer calibra-
tion, surface physics, chemical kinetics, and materials
degradation.

(R. A. Outlaw, 4264)

Ag Membrane
Oxygen Molecules t~0.254 mm Ultrahigh Vacuum
0.1 <p <1000 torr 400°C < T < 800°C
J\\f’

Pure oxygen
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Qitiuses thry Ag — 1]
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Oxygen atoms emerge and desorb
by electron stimulated desorption

1~10mAcm?

E~100eV

Ozygen dissolves in silver, permeates membrane,
and 1s desorbed by electron-stimulated desorption to
produce atomic ozygen beam.

Simulation of Real-Gas Effects on
Aeroassist Flight Experiment Vehicle

An important phase of future space transporta-
tion operations is the transfer of cargo and person-
nel from low- to high-Earth orbit. A class of vehi-
cles known as aeroassisted orbital transfer vehicles
(AOTV’s) have been proposed for this task. By us-
ing the vehicle’s aerodynamic lift and drag forces
to capture an orbit, payloads would be increased
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over an all-propulsion braking orbital transfer vehicle
(OTV). Because of the lack of flight data at the high
altitudes and velocities of the AOTV’s, a precursor
flight experiment referred to as the Aeroassist Flight
Experiment (AFE) will be performed.

Development of an extensive aerodynamic and
aerothermodynamic data base for the AFE configu-
ration has been initiated at Langley Research Center.
This data base will provide a better understanding
of AFE vehicle performance and will be used to cali-
brate computational fluid dynamics (CFD) codes for
use in future AOTV designs. Tests in hypersonic
wind tunnels to determine the effects of angle of at-
tack, Reynolds number, and normal shock density
ratio on AFE pressure distributions have been per-
formed. A significant effect of density ratio (a real-
gas simulation parameter) in the nose/cone expan-
sion region of the configuration was observed, and
the magnitude of this effect decreased with increas-
ing angle of attack. A negligible effect of Reynolds
number was observed for the present test conditions.

MEASURED
TEST GAS Mgy PolPy
O AR 584 5.2
0 cF  6.24 120

| _ sONIC CFy
— SONIC AIR

PREDICTED
AIR (HALIS CODE)
— — CFy (HALIS CODE)
—-— MODIFIED NEWTONIAN

NONDIMENSIONALIZED PRESSURE DISTRIBUTION
-3

| | |

-.2 0 .2 .4 .6 .8 1.0
NONDIMENSIONALIZED WETTED SURFACE LENGTH

0 7/
-.4

Effect of density ratio on pressure distributions for
AFE.

Predictions from an inviscid flow field code de-
veloped at Langley Research Center and known as
HALIS (High ALpha Inviscid Solution) were in good
agreement with the experimental data. Pressure dis-
tributions predicted with modified Newtonian the-
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ory were in good agreement with experiment over
the nose and skirt of the configuration but in poor
agreement over the cone section.

(John R. Micol, 3984)

Experimental Investigation of Space
Shuttle Orbiter Ascent Separation

In response to The Presidential Commission on
the Space Shuttle Challenger Accident, Langley Re-
search Center is investigating means of safe crew es-
cape during launch abort. One phase of this investi-
gation concentrated on examining the possibility of
aerodynamic separation of the orbiter from the ex-
ternal tank and solid rocket boosters (lower stack)
during ascent while the boosters were firing. This
investigation required detailed wind tunnel studies
at vehicle abort attitudes in and out of the presence
of the lower stack (studies that were not investigated
during the Space Shuttle development). The tests
were made at subsonic and transonic speeds in the
Calspan 8-Foot Transonic Wind Tunnel and at su-
personic speeds in the LTV High-Speed Wind Tun-
nel. These facilities were selected because each had
the special equipment to test two independent bod-
ies in the presence of the other while moving them
remotely through a predetermined trajectory.

Two 0.01-scale Space Shuttle ascent models were
designed specifically for tests in these tunnels. The
rocket exhaust plumes from the solid rocket boost-
ers were simulated by solid bodies sized for each
Mach number. Aerodynamic characteristics (and in-
terference effects) were measured over a test area
extending from the normal Space Shuttle orbiter-
attachment position to the lower stack in the mated
configuration to about one orbiter length (1290-in.
full-scale size) in the z-direction (vertical or perpen-
dicular to the relative wind) and one orbiter length
extending in the x-direction (aligned with the rela-
tive wind). Tests were also made with the orbiter
alone to obtain interference-free data. Analysis of
the data from these tests indicates that the aerody-
namic forces on the orbiter in the presence of the
lower stack are in a direction to aid natural sepa-
ration. The pitching moments on the orbiter taken
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about the aft attachment strut are in the nose-up di-
rection. It may be possible, therefore, to release the
forward attachment, allow the orbiter to rotate to a
higher angle of attack (which increases the orbiter’s
lift), and then at the desired lift, release the aft at-
tachment to provide a clean separation. When the
aft attachment is released, the point of rotation for
the orbiter reverts back to its own center of gravity,
which should stabilize the vehicle. Thus, these data

Shuttle ascent model mounted for wind tunnel tests
in Calspan 8-Foot Transonic Wind Tunnel.

suggest that an aerodynamic separation of the or-
biter intact from the lower stack during ascent may
be possible.

(George M. Ware, 3984)

Reaction Control System Plume
and Flow Field Interaction

The first entry flight of the Space Shuttle orbiter
Columbia revealed that the effect of the interaction

between the reaction control system (RCS) rocket
plumes and the leeside flow field on the rolling mo-
ment of the orbiter was greatly overpredicted. Large
disagreement between the preflight wind tunnel data
and the postflight curve, shown in the figure, resulted
in noticeable excursions in the vehicle attitude dur-
ing the first navigation bank maneuver at high alti-
tude. Because of this discrepancy, an RCS plume and
flow field interaction technology study was initiated
to establish improved ground-to-flight test correla-
tions and flight prediction techniques applicable to
future space vehicles. The Space Shuttle orbiter was
chosen to be modeled because of the opportunity to
obtain ground and flight data on the same configu-
ration.
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Predicted and postflight rolling-moment interaction
coefficient ACy j1 as a function of mass-flow ratio,

An 0.0125-scale model was tested in the Lang-
ley Research Center Unitary Plan Wind Tunnel at
Mach 2.5, 3.5, and 4.5, and in the Arnold Engineering
Development Center (AEDC) Tunnel C at Mach 10.
Surface pressure measurements were obtained on the
upper surface of the wing, fuselage side, and verti-
cal tail with the model RCS on and off for various
test conditions. These are the first wind tunnel mea-
surements that demonstrate the response of the wing
upper surface pressures to the plumes from the RCS
yaw thrusters. Differences in surface pressures be-
tween RCS “on” and “off” were integrated over the
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affected areas to determine the increments in mo-
ment resulting from the RCS plume and flow field
interaction. Tests at Mach 10 indicate that the new
wind tunnel data (which are classified) are in better
agreement than the original data with flight results
taken from the onboard inertial measurements, and
for a given momentum ratio, the interactions are in-
sensitive to plume shape or number of thrusters fired.

A flight program with additional pressure sen-
sors installed on the wing, fuselage, and vertical tail
surfaces of Columbia would permit highly valuable
correlation and potential extrapolation of wind tun-
nel measurements to flight conditions.

(William I. Scallion, 3984)

Aerodynamic Characteristics
of Transatmospheric Vehicle
Concept Over Wide Speed Range

Transatmospheric vehicles (TAV’s) proposed for
the 1990’s would routinely take off from a conven-
tional runway, accelerate using air-breathing propul-
sion to achieve low-Earth orbit, reenter, and land
horizontally. One generic TAV concept of interest
(as shown in the first figure) is a winged-cone con-
figuration that offers design advantages in efficient
vehicle packaging and the orientation of multiple
engines. An experimental investigation of aerody-
namic characteristics for a winged-cone configura-
tion without engines has been performed over the
approximate flight Mach number range of the vehi-
cle (0.6 < Mach < 20). The primary purposes of this
study were to establish a timely aerodynamic data
base for this class of TAV’s and to compare predic-
tions made with engineering codes (e.g., the Hyper-
sonic Arbitrary Body Program) with measurement.

The variation of the measured drag coefficient
at zero lift Cp, with Mach number is shown by the
circular symbols in the second figure. These data re-
veal a steep transonic drag rise followed by a more
gradual decline in drag levels supersonically. Engi-
neering code predictions of Cp, at the present super-
sonic and hypersonic flow conditions and model scale
(shown by the solid and dashed lines) are generally
in good agreement with measurement. A large move-
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ment in the longitudinal center of pressure (approxi-
mately 23 percent of the vehicle length) was observed
to accompany an increase in Mach number from 1.5
to 20. Such a large center of pressure variation with
Mach number will dictate the need for large, effec-
tive control surfaces to facilitate flight at low angles
of attack.

(W. Pelham Phillips, 3984)
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Transatmospheric vehicle mode mounted in 20-Inch
Mach 6 Tunnel.
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Space Shuttle Orbiter Stability
and Control Characteristics
at High Angles of Attack

Langley Research Center is continuing to sup-
port the refinement and updating of the aerodynamic
data base of the Space Shuttle orbiter. One area re-
cently under study addresses an alternate means of
crew escape during an ascent abort. The Space Shut-
tle orbiter, however, has only one entrance, which
is the side hatch. Previous tests have shown that
unassisted bailout from this hatch during steady glid-
ing subsonic flight at normal flight attitudes is very
risky. The current series of tests were conducted
with the thought that if the orbiter could be safely

Stability boundary for min a trim7

or
c -.005 -
m
a
- 010 -
Stability boundary for max a trim J
-.015 I 1 1 J
1.2~
CL,trim 8
.4 J
L6
“‘/D)trim =
.2 |
80
0
Cirim’
deg
60 -
50 | | 1 j
1 2 3 4 5

Mach number, M

Summary of Space Shuttle orbiter model high o
stable trimmed characteristics. Cp,,, s change in
pitching moment with respect to o.

trimmed at very high angles of attack «, a slower de-
scent rate might be achieved and more benign bailout
conditions might exist. It might also be possible
to exit the vehicle from the upper cabin windows
located on top of the fuselage.

Tests were conducted in the Langley Low-
Turbulence Pressure Tunnel, the Langley Unitary
Plan Wind Tunnel, and the Caispan 8-Foot Tran-
sonic Wind Tunnel over a Mach range from 4.6
to 0.30 to determine the high-angle-of-attack char-
acteristics of the orbiter. Even though bailout was
considered only at the slowest speeds, the study was
carried to the high Mach numbers because it may be
advantageous to trim the orbiter to high angles of at-
tack early in the gliding return at high Mach numbers
and allow the vehicle to slow down while in that atti-
tude. The results of the tests are summarized in the
figure, which shows that the orbiter is longitudinally
stable and has the ability to be trimmed over a wide
range of lift C;, and lift-to-drag L/D values, thus
producing a more favorable environment for bailout.
(B. Spencer, Jr., 3984)

Crew Emergency Rescue Vehicle

For a permanently manned Space Station, some
type of crew emergency rescue vehicle (CERV) is
needed. Dependability, speed of recovery, ride qual-
ity, risk, and cost are all considerations. Many al-
ternatives are being considered, from ballistic shapes
to vehicles that can fly and land like airplanes. The
objective of this study was to evaluate a lifting body
as a potential CERV.

The guidelines for the study included the accom-
modation of up to eight persons, delivery to orbit in
the Space Shuttle, ability to stay docked at the Space
Station in a ready state for at least 180 days with-
out resupply, and ability to loiter on orbit for up to
24 hours after separation from the Space Station. Be-
cause of an additional guideline that there may not
be a trained or healthy pilot aboard, it is necessary to
include the architecture for the avionics that would
provide for an automated entry and landing.

Trajectory calculations starting over Cape
Kennedy show that the vehicle has enough cross
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range to land at either John F. Kennedy Space Cen-
ter or Edwards Air Force Base on the first four or-
bits, or at Edwards on the fifth orbit. When John
F. Kennedy Space Center, Edwards Air Force Base,
Hawaii, Guam, and Dakar (West Africa) are consid-
ered as landing sites, a return from the Space Station
is possible on every orbit.

An analysis of the entry heating indicates that
the peak surface temperature (in the nose stagna-
tion region) is about 30-percent higher than that for
the Space Shuttle, but it is considered to be within
the present capabilities of existing thermal protec-
tion materials. (The higher temperature is due prin-
cipally to the smaller nose radius of the CERV when
compared with the Space Shuttle.)

Other characteristics of the vehicle include a
titanium structure, a durable thermal protection sys-

PLAN VIEW

D

+———246ft

SIDE VIEW

Eight-man CERV inboard layout.
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tem, a battery power system, all-electric actuators
for control surfaces, and hinged wings so that the
vehicle can be accommodated in the Space Shuttle
cargo bay. The study resulted in the inclusion of a -
lifting body as a viable candidate in the Space Sta-
tion contractual activities for a rescue vehicle.

(I. O. MacConochie, 4963)

Calculation of Three-Dimensional
Nonequilibrium Viscous Flow Over
Space Shuttle Windward Surface

A three-dimensional viscous-shock-layer code
has been used to compute the nonequilibrium flow
field over the windward surface of the Space Shuttle
orbiter for reentry conditions between 75 and 60 km.
The computer code used for this work (SHTNEQ)
was originally developed through a grant from Lang-
ley Research Center and solves the full set of viscous-
shock-layer equations and coupled reaction equations
to model the nonequilibrium chemically reacting flow
of air over the Space Shuttle surface. Modifications
made to the program have significantly improved its
accuracy and applicability. Comparisons of present
predictions of surface heat transfer with previous re-
sults show differences of 30 percent, and the new re-
sults demonstrate that three-dimensional effects on
the Space Shuttle windward centerline heat-transfer
distribution are not as significant as previously re-
ported.

Windward symmetry plane and off-centerline
heating predictions obtained with the code have
been compared with experimental data from flights
STS-2 and STS-3. Different surface recombina-
tion rates for oxygen, to account for the catal-
ysis of the Space Shuttle tile surface, have been
considered in the predictions. Those results show
that a recent correlation for oxygen recombination
provides good agreement between predicted heat
transfer and that measured in flight. Typical re-
sults for heat-transfer distribution ¢ as a func-
tion of normalized distance z/L along the Space
Shuttle windward centerline are shown for an al-
titude of 71.29 km and free-stream Mach number
My, of 23.4. The angle of attack a for this case
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was 39.4°. The two predicted heat-transfer distribu-
tions were obtained using the different oxygen re-
combination rates k,, as noted. Comparisons of
heating predictions with flight data in the cross flow
direction have also been made and show good
agreement for the regions computed. Trends in
the measured cross flow heating distributions are
generally predicted with the three-dimensional
viscous-shock-layer code.

(R. A. Thompson, 4328)
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Measured and computed heat-transfer rates in
windward symmetry plane of Space Shuttle orbiter.

Near-Wake Flow Field Over
Aeroassist Flight Experiment Vehicle

Program LAURA (Langley Aerothermodynamic
Upwind Relaxation Algorithm) has been used to cal-
culate the complete flow field about the Aeroassist
Flight Experiment (AFE) vehicle at a single trajec-
tory point. This study is the first attempt to de-
fine the near-wake flow field over a close approxi-
mation to the actual AFE geometry. Both perfect-

gas and chemical nonequilibrium (single tempera-
ture, no species dissipation) assumptions have been
used. The results demonstrate the present capabili-
ties and limitations of the LAURA algorithm.

The Symmetric Total Variation Diminishing
(STVD) algorithm used in LAURA has been demon-
strated to be robust for the simulation of the near-
wake flow field behind the AFE at a flight trajectory
point using perfect-gas assumptions. Calculations on
two different grids at the same trajectory point have
given consistent prediction of flow field phenomena.
Calculations at two different Reynolds numbers ex-
hibit the correct phenomenoclogical trends. Of par-
ticular interest arethe predictions of a strong flow im-
pingement on the lip of the AFE rocket nozzle and of
the correspondingly high heating rates at that loca-
tion. This impingement is evident in the symmetry-
plane mapping of velocity vectors computed for a
flight condition of Mach number My equal to 32
and Reynolds number Rey, p equal to 79000, at the
design angle of attack (as shown in the figure). A sur-
vey of the local Knudsen number throughout the flow
field indicates that a continuum analysis is generally
well founded, but there are isolated regions in the
near wake close to the body where, at a minimum,
slip conditions should be imposed; it is possible that
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continuum results are in error at the maximum dy-
namic pressure trajectory point. The higher densities
associated with real-gas flows relax this restriction on
the continuum analysis.
(P. A. Gnoffo, 2921)

Aerothermodynamic Study
of Slender Conical Vehicles

Recent interest in transatmospheric vehicles and
the National Aero-Space Plane (NASP) has renewed
the need for development and verification of predic-
tion techniques that may be used to analyze the vis-
cous hypersonic flow over slender vehicles. Conse-
quently, a study was initiated to investigate the appli-
cability of several existing techniques for the slender-
body aerothermal problem. These techniques ranged
in complexity from a finite-difference solution of
the three-dimensional viscous-shock-layer equations
(VSL3D) to approximate engineering-type analyses.
Using these techniques, comparisons were made be-
tween predicted results and flight and wind tunnel
data, for both laminar and turbulent flow and per-
fect gas and equilibrium air chemistry. Comparisons
of the predicted heat-transfer rates with flight data
from the Reentry F vehicle showed the method to
be generally accurate; however, some deficiencies in
the engineering techniques were noted, particularly
at angle-of-attack conditions.

As a second part of this study, these codes were
used to illustrate the effects of nose bluntness and
angle of attack on the heat transfer, transition onset,
and zero-lift drag coefficients for a slender cone at a
free-stream Mach number My, of 15. Those results
showed the quantitative benefits of increased nose
bluntness, which resulted in decreased local heat-
transfer rates and overall heat loads, and delayed
boundary-layer transition. Total vehicle drag was
not adversely affected by increasing nose radius r,, for
the laminar case and was decreased for the turbulent
condition, using the given transition model. The
figure shows the nondimensional heat-transfer rates
4/ qref versus axial distance from the nosetip = at an
angle of attack a of 0° for bodies with different 7,
for both laminar and turbulent flow.

(R. A. Thompson, 4328)
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In Situ Upper-Altitude Density
Measurement From Space
Shuttle Orbiter Accelerometry

A Space Shuttle orbiter experiment, the High-
Resolution Accelerometer Package (HiRAP), pro-
vides a new and unique source of measurements of
atmospheric density. The HiRAP experiment is a
triaxial set of high-resolution accelerometers which
measures the aerodynamic deceleration rates of the
orbiter during the high-altitude portion of its atmo-
spheric entry. By comparing these measured vehi-
cle responses to aerodynamic forces with the aerody-
namic characteristics of the orbiter, the atmospheric




Space Directorate

density may be inferred. Aerodynamic models for
both the normal and axial aerodynamic components
are used in the density extraction process. Data
taken on 10 flights of 2 instrumented Space Shuttle
orbiters (OV-102 and OV-099) have provided density
measurements of unusual character. The uniqueness
of the measurements resides in the fact that the or-
biter enters the atmosphere nearly horizontally be-
cause of its shallow reentry flight path angle. The ra-
tio of the orbiter’s ground-track distance to descent
distance is about 80:1 for each mission. This hori-
zontal component of the atmosphere is rarely, if ever,
obtained by sounding rockets, since they traverse rel-
atively short down-track distances and are essentially
limited to taking vertical atmospheric soundings. Or-
biting satellites, on the other hand, can provide the
same type of measurements but cannot enter the re-
gion of the atmosphere from 80 to 130 km.
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Atmospheric density derived from STS-6 Space
Shuttle orbiter accelerometry.

The inferred density data shown are normalized
to the 1976 U.S. Standard Atmosphere so that de-
viations can be readily observed. The HiRAP data
have been merged with data derived from the or-
biter’s inertial measurement unit (IMU) to extend
measurements to lower altitudes. As seen from the

figure, undulations in density on the order of 30 per-
cent appear in both channels of data and are typical
for all 10 flights examined to date. It is believed
that this wave-like feature is atmospheric in origin.
Unlike the orbiter, future vehicles (e.g., aeroassisted
orbital transfer vehicles and the National Aero-Space
Plane), which will spend more time in the upper at-
mosphere, may have to account for these density vari-
ations in various subsystems design, such as guidance
and control.

(R. C. Blanchard, 3031)

Q-Switched Solar-Pumped
lodine Lasers

Research on solar-pumped lasers was initiated
in 1980 for the purpose of evaluating their feasibil-
ity as space-to-space power transmitters. For exam-
ple, space laser power transmitters placed on a high-
altitude orbiting power station can transmit power
to a low-altitude satellite with space manufacturing
factories. Such transmitters require at least 1 MW
output to be practical. Most laser power receivers
are designed for continuous wave (CW) power re-
ception; however, other important applications (in-

cluding laser propulsion) are better suited for pulsed
power sources.

One pivotal technology receiving detailed study
involves the use of sunlight to directly pump a gas
laser. Significant progress was achieved over several
years with photodissociation iodine lasers using an
organic-iodide lasant and a solar-simulator. Since the
first solar-pumped lasing was achieved in 1980, the
output power levels of iodine lasers increased from
less than 1 mW pulsed to 10 W CW, which is the
highest CW power ever achieved with photodisso-
ciation iodine lasers (as reported in NASA Langley
Technical Memorandum 89037, 1986).

Recently the peak laser power was boosted by
more than an order of magnitude by adapting a
Q-switching technique to the CW system. The Q-
switching technique is a method for generating high-
power laser pulses at high repetition rates by deposit-
ing large quantities of energy in very short time in-
crements before loss mechanisms can begin to oper-
ate. For this experiment, Q-switching was accom-
plished by placing a fast mechanical chopper in the

83



Space Directorate

laser cavity. The popular Q-switching method, Pock-
els cell, cannot be used because of the intolerable in-
sertion loss at the 1.3 um laser wavelength. A train
of high power (up to 150 W) laser pulses was con-
tinuously produced at various repetition rates while
the solar simulator, a Vortek Industries, Ltd. ar-
gon arc, pumped the laser medium at steady optical
power. This is the first reported Q-switching of CW
iodine lasers. By this method, the highest-ever laser
power for solar-pumped gas lasers was achieved. The
flow of the laser medium, n-C3F7I vapor, was longi-
tudinal and maintained by the pressure differential
between an evaporator and a liquid-nitrogen-cooled
condenser. The dependence of CW and Q-switched
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laser power on parameters such as iodide vapor pres-
sure, gas flow rate, and chopping speed was deter-
mined and analyzed.

(J. Lee, 4332)

Engine Selection for Advanced
Earth-to-Orbit Vehicles

Studies, which are currently under way at major
rocket engine companies, could lead to the develop-
ment of new engines for the next generation of Earth-
to-orbit vehicles. These vehicles include unmanned
heavy-lift vehicles that might be partly reusable as
well as fully reusable Shuttle II concepts. The base-
line efforts are directed toward a hydrocarbon en-
gine for the boosters called the Space Transporta-~
tion Booster Engine (STBE) and a hydrogen engine
for the upper stages called the Space Transportation
Main Engine (STME). These baseline engines (STBE
and STME) have been selected because they can be
developed relatively quickly with existing technology.
In addition to the baseline engines, other designs are
being considered which might improve the vehicle
even though they may require technology develop-
ment. The conceptual design analyses performed at
Langley Research Center have incorporated results
from these studies (directed by Marshall Space Flight
Center) to show the effect of these advanced engines
on single-stage vehicles with vertical takeoff and hor-
izontal landing.

The figure shows that the baseline engines can
be used in a parallel-burn dual-fuel vehicle, and the
resulting vehicle dry mass would be 111 Mg for a pay-
load of 13.6 Mg. The best advanced engine, called the
dual-fuel, single-bell engine, could reduce the vehicle
dry mass about 20 percent to 90 Mg. In addition,
only one engine would need to be developed. Another
concept, the variable-mixture ratio engine, could re-
duce the vehicle dry mass and also simplify the op-
erations because only one fuel, hydrogen, would be
needed. A third concept, the dual-bell engine, could
be used by itself, but the results showed that the ve-
hicle dry mass would be increased with this approach.
Using the dual-bell engine with the STME provided
some improvement. This dual-bell concept could also
be applied to the STME for additional improvement,
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or it could be applied to the dual-fuel, single-bell en-
gine. Overall, these results have shown that there are
improved engine concepts that should be considered
before beginning full-scale development of the next
generation of rocket engines.

(J. A. Martin, 4964)
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Solid Modeling
Aerospace Research Tool

A new geometry modeler has been developed for
the second-generation AVID (Aerospace Vehicle In-
teractive Design) system. The new modeling pro-
gram, called SMART (Solid Modeling Aerospace Re-
search Tool), takes advantage of state-of-the-art com-
puter graphics hardware to substantially increase the
productivity of the design engineer. Complex config-
urations can now be quickly and accurately generated
and, through interfaces, can be sent to applications
programs, such as aerodynamics and structures for
detailed analyses. Realistic color pictures of config-
urations can be generated. For example, the figure
shows the black-and-white version of a color photo
of a Space Shuttle orbiter produced by the SMART
program.
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To provide this capability, SMART was devel-
oped with analytical surface descriptions and bicubic
Bezier patches that provide accuracy and complete-
ness; an effective user interface that makes the sys-
tem easy to learn and convenient to use; geometry
generation techniques that are tailored to aerospace
applications; an interface to other analysis programs
which is available through the LaWGS (Langley
Wire-frame Graphics Standard) system; and an ad-
vanced graphics hardware of the Silicon Graphic IRIS
workstation that allows geometry generation, modi-
fication, and manipulation in real time.

After one and one-half years of development,
SMART has entered production use. It has been ap-
plied with great success to the National Aero-Space
Plane (NASP) Program. A number of complex con-
figurations have been generated, and the geometries
for these configurations have been successfully trans-
ferred from SMART to structural analysis and com-
putational fluid dynamics programs.

(J. J. Rehder, 4967)

Space Shuttle orbiter configuration produced by
SMART program.

Transportation Base Space
Station for Year 2025

The current Space Station reference configura-
tion, scheduled for service in 1994, will be required to
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function in many capacities, including orbiting lab-
oratory, satellite-servicing facility, experiment plat-
form, orbiting construction site, and as a base for
the orbital maneuvering vehicle (OMV) and orbital
transfer vehicles (OTV). Future transportation de-
mands, however, would quickly overwhelm the Space
Station as the Space Shuttle, Space Shuttle-derived
vehicle, and OTV traffic increases. A fully dedicated
transportation base Space Station would be the most
efficient method to meet the transportation needs of
the twenty-first century.

The figure shows one concept of a fully dedicated
transportation base Space Station that operates in
low-Earth orbit. The concept has been developed
with the IDEAS? conceptual design software, and it
features four docking ports for Space Shuttle-type ve-
hicles as well as four large enclosed hangars. These
hangars would support OTV servicing, repairs, and
storage as well as satellite servicing and repair, in-
cluding refueling operations. The large truss struc-
ture would serve as a bay for the construction of large
space structures and for the assembly of Mars, lunar,
and interplanetary vehicles, thereby adding the func-
tion of a staging base to the station.

Transportation base Space Station concept.

With the development of this concept, addi-
tional studies will be initiated, such as interfaces with
current and future transportation concepts and asso-
ciated propellant requirements. The various subsys-
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tems will be sized, and a mission scenario will be
developed. On-orbit performance will be evaluated,
and technology advancement requirements will be de-
fined. Alternate concepts may also be developed in
order to assess the relative merits of each.

(A. Don Scott, 4981)

Concept for Low-Gravity
Research Facility

One of the biggest payoffs of space technology in
the future is expected to be in the area of low-gravity
research. Advances in a variety of disciplines such
as materials science, electronics, fluids, astrophysics,
and medicine are expected as laboratories in space
become available. Spacecraft that are specialized to
meet this demand are being studied, and unmanned
free-flyers have emerged as a promising concept. The
figure shows an early configuration developed with
the IDEAS? computer program.

Unmanned free-flyers can be utilized to main-
tain low-acceleration environments for long periods
of time. Concepts involving free-flyers composed of
an outer shell separated from the inner low-gravity
module (LGM) are currently under study. The stan-
dardized outer shell flies around the LGM during pe-
riods when a low-acceleration environment is needed
and acts as a platform for the subsystems needed to
support the experiment. These subsystems include
power, propulsion, thermal control, guidance, navi-
gation, and control.

The low-gravity module is completely surrounded
by the outer shell and is separated from it by an evac-
uated gap. The acceleration environment of the LGM
is dominated only by altitude-dependent gravity gra-
dient accelerations and those accelerations caused by
moving portions of the experiment itself. The LGM
will be experiment dependent but also must be of a
fixed configuration in order to mate correctly with
the shell. The LGM will remain in free-fall at all
times during the experiments. Accelerations due to
atmospheric drag, charge buildup, solar and albedo
pressures, as well as those caused by normal subsys-
tem function (such as antenna and radiator move-
ment), are all isolated from the LGM by the gap.
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A fleet of these free-flyers could be serviced ei-
ther by the Space Station or by a specialized ten-
der spacecraft. Since the gravity gradient acceler-
ations decrease with altitude, engines mounted on
the shell will be used to boost the spacecraft to the
desired orbit and then bring it back after the ex-
periment is over. At the Space Station the LGM
will be pulled out and replaced by a new one while
the shell is refurbished for another mission. Since
many free-flyers could be orbiting simultaneously at
different altitudes and for different durations, many

Low-gravity research facility concept.

varied experiments could take place in a brief time.
This concept would also be well suited for a contin-
uous manufacturing process in which the shells and
modules may be serviced by a specialized spacecraft.
(Gary Martin, 4976)

Advanced Satellite-Servicing Facility

As the population of active polar-orbiting and
near-polar Sun-synchronous satellites increases, the
need to effectively manage the satellites in this group
of orbits may eventually require an on-orbit manned

facility dedicated to serving their needs. The pres-
ence of such a facility could significantly reduce the
cost of high-inclination space operations by provid-
ing a number of common services from a perma-
nently manned platform. Technology requirements
of such a facility in the year 2025 are being examined.
The prime technology needs are crew and facility
safety, a large satellite-servicing capacity with a quick
turnaround, the reduction or elimination of extrave-
hicular activity in all operations, and minimization
of the frequency of launches needed to support facil-
ity operations. One candidate for a satellite-servicing
facility is the concept shown in the figure. This con-
figuration has been developed using IDEAS?, an in-
teractive computer program for conceptual design.

Concept for advanced satellite-servicing facility.

The mission areas being examined are facility-
based satellite assembly, checkout, and deployment,
retrieval and redeployment for satellite refueling, re-
pair, or systems upgrade; remote satellite refuel-
ing, repair, or systems upgrade; ferrying materials
and consumables to and from manufacturing plat-
forms; the deorbit, removal, repositioning, or sal-
vage of satellites and debris; and crew rescue of other
manned vehicles in high-inclination orbits. The tech-
nology issues identified to date include easily used
and maintained expert systems capable of controlling
many facility operations, telerobotic and autonomous
systems capable of performing a large number of
varied tasks from rendezvous/docking to component
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changeout and refueling, closed-loop life support
systems, and methods of lessening or arresting the
physiological effects of long stays in orbit.

(Garry Qualls, 4976)

Space Station On-Orbit
Operation Model

The operations area of NASA space programs
is an essential element that requires substantial re-
sources during a program lifetime. The current Space
Station effort addresses one of the most complex con-
cepts proposed to date. In addition to the usual

requirements of spacecraft design and the added com-
plexity of a manned presence, the very long mis-
sion duration (15 to 20 years) increases the emphasis
on operational cost. Within the on-orbit operations
area, crew time has been identified as a most valu-
able and limited resource for the Space Station. The
objective of this effort is to provide NASA with a
state-of-the-art computer modeling technique for on-
orbit operations modeling and assessment.

Langley Research Center and the Computer
Sciences Corporation have developed an operations
model (OPSMODEL) which permits a user to assess
the impact on crew time of system/subsystem de-
signs, technologies, and operational philosophies for
a given station design. The basic concept for this
model is presented in the figure. The OPSMODEL
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employs discrete event simulation to model crew ac-
tivities and keeps track of all consumables and re-
sources. The simulation model is composed of a data
base manager and an operations simulator. The data
base manager is programmed in R:BASE 5000, and
the operations simulator uses a general-purpose sim-
ulation programming language, SIMSCRIPT II.5.

Crew activity is modeled using tasks that can be
represented at any level of detail. Tasks are linked
together to form operations or complete segments of
work. By using these principles, total crew activities
can be modeled over the desired mission time. Model
output includes crew “busy,” “waiting,” and “idle”
times; resource profiles; and cost reports. Event
and crew member traces assist the user in problem
resolution. The menu-driven model runs on an IBM-
PC-AT or XT computer requiring no programming,
recompiling, or special computer skills of the user.
The OPSMODEL is intended to improve NASA’s
capability to expose operations areas in which there
may be increases in Space Station productivity or
reductions in cost.

(William R. Jones, 4978)
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Global-Scale Distribution of
Carbon Monoxide as Measured
From Space Shuttle Platform

The Measurement of Air Pollution from Satel-
lites (MAPS) experiment was flown onboard the
Space Shuttle during November 1981 and again dur-
ing October 1984. The purpose of the experiment
was to measure the distribution of carbon monox-
ide in the atmosphere between the altitudes of 3
and 15 km. Carbon monoxide is an air pollutant that
is emitted both as a result of man’s industrial and
agricultural activities and as a result of natural pro-
cesses. At the present time, it is felt that man’s emis-
sions are about equal to the natural emissions. Be-
cause carbon monoxide can perturb the global-scale
chemistry and, thereby, possibly affect the climate of
the Earth, it is extremely important to understand
both the sources and the distribution of the gas.

The MAPS data have shown that the amount of
carbon monoxide in the atmosphere is highly variable
over the Earth. As can be seen in the figure, which

i
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Distribution of carbon monoride as measured by MAPS experiment during October 1984.
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shows the data from the 1984 flight, the amount of
carbon monoxide in the atmosphere is relatively low
and uniform over the tropical Pacific Ocean. In con-
trast, the atmosphere over Europe, northern Asia,
South America, and southern Africa all show en-
hanced mixing ratios. Examination of Space Shuttle-
borne photographs and of eyewitness reports from the
astronauts indicates that there were many agricul-
tural ground fires burning during the mission in both
South America and southern Africa. These fires are
thought to be the source of the carbon monoxide
measured over those areas, and they represent a sig-
nificant source on the global scale. Further, they are
a large source of carbon monoxide in the Southern
Hemisphere, an area previously thought to be free of
significant carbon monoxide sources.

(Henry G. Reichle, Jr., 2576)

Satellite Measurements of
Stratospheric Polar Aerosols

In October 1978, the Stratospheric Aerosol Mea-
surement (SAM) II experiment was launched on-
board the Nimbus 7 spacecraft to obtain detailed

information about the high-latitude stratospheric
aerosol layer. The SAM II instrument remains fully
operational, and a large and unique data set has been
assembled for examining the characteristics of polar
stratospheric aerosols as well as providing informa-
tion on the long-term variation of the aerosol layer.

The weekly averaged stratospheric aerosol opti-
cal depth is presented in the figure for the period
of October 1978 to October 1986. This record shows
that the overall yearly values in the two polar regions
are influenced by seasonal variations and controlled
by volcanic perturbations. The impact of volcanic
eruptions is much more apparent in the northern
high latitudes, partly because of the greater number
of eruptions in the Northern Hemisphere and partly
because of the more favorable seasonal circulation
patterns following these eruptions. The eruption of
El Chichon in April 1982 created the largest enhance-
ment in optical depth recorded in both hemispheres.

Pronounced enhancements are also visible yearly,
especially in the southern high-latitude observations
each mid-winter. These episodes are due to the for-
mation of polar stratospheric clouds (PSC’s) when
temperatures descend below about —80°C. Antarctic
PSC'’s are present for periods of approximately 3 to 4
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SAM II stratospheric aerosol optical depth record. Dashed and solid lines represent measurements made in the
Arctic and Antarctic region, respectively. Dates of significant volcanic eruptions are indicated.
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months (from early June until late September). Arc-
tic PSC’s are also observed in each Northern Hemi-
sphere winter season, but are much less frequent be-
cause of generally warmer stratospheric conditions.

Another recurring feature in the data is the de-
pression in optical depth observed in late September
and early October in the Southern Hemisphere. This
phenomenon has been observed immediately follow-
ing the disappearance of PSC’s at the latitudes mea-
sured by SAM IL. It is believed that this relative min-
imum is produced by the loss of aerosols within the
vortex by both gravitational settling of the PSC par-
ticles during the coldest segment of winter and the
general subsidence of air induced by the mean dia-
batic circulation. These low values of optical depth
are maintained until the vortex breaks up, usually
about November, when increases are observed as the
aerosol from lower latitudes moves into these higher
latitudes. This period of low optical depth agrees well
with the observed low total ozone at similar latitudes.
(M. P. McCormick, 2065)

Polar Stratospheric Clouds
and Antarctic Ozone Hole

One of the most controversial and important
topics in atmospheric sciences today is the dramatic
decrease in stratospheric ozone observed in Antarc-
tica during recent Southern Hemisphere spring sea-
sons (September and October). Although other the-
ories have been proposed for the development of this
“ozone hole,” many scientists feel that man-made
chlorofluorocarbons (CFC’s) are involved. These
CFC’s release halogen atoms and molecules when
dissociated by sunlight in the springtime Antarctic
stratosphere; the halogens, in turn, can catalytically
destroy ozone if the supply of gaseous odd nitro-
gen (NOx) compounds is insufficient to retard the
catalytic cycles. It has recently been suggested in
the literature that a large fraction of the gaseous
NOx supply may be removed (in the form of ni-
tric acid, HNO3) from the Antarctic stratosphere by
the formation of polar stratospheric clouds, which
have been identified as recurring Antarctic phenom-
ena through measurements by the orbiting Strato-
spheric Aerosol Measurement 11 sensor.

A new theoretical model of polar stratospheric
cloud formation and growth which incorporates a
stage of HNOj3 vapor deposition has been developed.
Recent calculations tailored to the altitude regime in
which the Antarctic ozone depletion is observed to
be the most severe (near 17 km) suggest that up to
80 percent of the ambient HNO3 vapor (and 30 per-
cent of the ambient HoO vapor) may be consumed
by polar stratospheric cloud formation if the tem-
perature should fall to 189 K. More importantly, the
cloud particles may grow to a radius of 4 to 5 um
and then fall quickly from the region in which they
were formed, thereby depleting the formation region
of gaseous NOy.

(L. R. Poole, 2065)
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Depletion of HNO3 and Ha O vapor supplies by
formation of Antarctic polar stratospheric clouds.

Evaluation of Optical Disk System
for Archiving Data From Earth
Radiation Budget Experiment

The Earth Radiation Budget Experiment
(ERBE) is a three-satellite experiment designed to
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monitor the Earth’s radiation budget. The first satel-
lite was launched on October 5, 1984, by the Space
Shuttle Challenger. The second and third satellites
were launched by the National Oceanic and Atmo-
spheric Administration on December 12, 1984 and
September 17, 1986. The data from these satellites
are being reduced into science data products at Lang-
ley Research Center. Approximately 40 magnetic
tapes are needed to store the data from each satel-
lite. After validation by the ERBE science team, the
data products will be archived for use by the scien-
tific community.

An optical disk system is being evaluated for
storing ERBE archival data. One month of ERBE
data can be stored on a single optical disk, which is
considerably more compact than the 120 magnetic
tapes. Each 12-in-diameter “write-once, read-many”
platter stores 1 gigabyte of digital data on each side.
Optical disks have an expected lifetime of 10 years
with no maintenance requirement, while magnetic
tapes have to be retensioned and copied to new tapes
every 2 years. This archival technique promises to
substantially reduce the cost and logistical problems
associated with distributing large volumes of satellite
data.

(Michelle T. Ferebee, 3431)

Surface Radiation Measurements
for Satellite Algorithm Studies

NASA has recently established an SRB (Surface
Radiation Budget) Satellite Data Analysis Project at
Langley Research Center. Objectives are to plan and
implement algorithm intercomparison and validation
studies prior to computing a global, long-term data
set. The strategy is to conduct ground-based exper-
iments to establish data sets for satellite algorithm
validation studies. Satellite data are available from
operational systems and special experiments such as
the Earth Radiation Budget Experiment. Surface
measurements are needed for a variety of climatolog-
ically important land and ocean areas; however, with
the exception of shortwave measurements for some
mid-latitude land areas, these measurements are vir-
tually nonexistent.
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A major experiment of the SRB Satellite Data
Analysis Project was completed this year. This
month-long campaign was conducted in cooperation
with the FIRE (First International Satellite Cloud
Climatology Project Regional Experiment) cirrus
cloud experiment in Wisconsin. The SRB measure-
ments were conducted at 18 ground sites, and air-
craft observations were made for calibration of satel-
lite measurements. The figure gives an example of
results showing the effect of cirrus clouds on the ra-
diation fluxes that hit the Earth’s surface. The large
shortwave and small longwave changes agree with ef-
fects predicted by models. The experimental results
are providing the basis for improvements to satellite
algorithms for deriving surface radiation fluxes.
(Charles H. Whitlock, 2977)
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Infrared Radiation Studies From
Nimbus Satellite Data Sets

Two atlases that contain global contour maps
of monthly mean outgoing longwave radiation in ad-
dition to associated spherical harmonic coefficients
have recently been published. The first atlas con-
tains continuous data for 3 years from July 1975 to
June 1978 from the wide field-of-view sensor on the
Earth Radiation Budget (ERB) experiment onboard
the Nimbus 6 satellite. The second atlas contains
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continuous data for 7 years from November 1978 to
October 1985 from the ERB experiment onboard the
Nimbus 7 satellite. Together these two atlases give
a data set covering a 10-year time period and will
be very valuable in studying different aspects of our
changing climate over monthly, annual, and inter-
annual scales in the time domain and over regional,
zonal, and global scales in the spatial domain.

The figure shows a contour map of the change
in regional longwave radiation of January 1983 from
the 7-year averaged January data as derived from
Nimbus 7 measurements. Low areas of outgoing
radiation caused by large amounts of cloudiness are
denoted by dashed contours. High areas of outgoing
radiation are denoted by solid contours. A prominent
low of 66 W/m? in the equatorial region of the
western Pacific was caused by the 1983 El Niinio event,
which peaked in January of 1983. At the same time,

a prominent high region of radiation was evident
over Indonesia. For normal conditons (years with
no El Nifio event), these two regions of high and low
radiation would be reversed.

(T. D. Bess, 2977)

Clouds, Radiation, and
Atmospheric Energy

Clouds change the Sun’s radiation that is ab-
sorbed by the Earth’s atmosphere and surface and
that the Earth’s surface and atmosphere emit into
space. A method has been developed and imple-
mented to evaluate the effects of these radiation
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changes on the available potential energy (APE) of
the atmosphere. Computations have been performed
using a detailed radiative transfer computer code and
statistics for clouds. The APE is important in un-
derstanding the interaction of energy-releasing and
dissipating processes, such as radiation, with the dy-
namics of the atmosphere. Computations were done
for January zonal mean atmospheric conditions.

The effects of clouds in cooling and heating
the atmosphere have been found as a function of
cloud top height, optical thickness, and latitude.
The effects of low clouds on APE are shown in the
figure. In terms of the effects of clouds on the
general circulation, the globe can be divided into
two regimes. One regime is the belt between 40°S
and 30°N (i.e., the Tropics and subtropics). The
other regime is the remainder of the Earth. In the
Tropics and subtropics, a change in optical thickness
will significantly contribute to APE, thus intensifying
the Hadley circulation and thereby linking tropical
sea surface temperature to changes in extratropical
circulation.

A mechanism is described whereby the interac-
tion of clouds with radiation produces a strong feed-
back effect on the development of sea surface tem-
perature anomalies in the tropical oceans (as during
an El Nifio event). Changes in the cloud pattern over
the east Pacific Ocean during the onset of an El Nifio
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event result in a strong increase in radiative heating
at least as large as the latent heat release.
(G. Louis Smith, 2977)

Detection of Ozone Depletion
Via Solar Lyman Alpha Radiation

A study of 3 years of ozone measurements
from the Solar Mesosphere Explorer (SME) satel-
lite’s 1.27 ym experiment has resulted in the detec-
tion of the response of mesospheric ozone to solar
variations. The study was conducted relating short-
term variations in solar Lyman alpha La radia-
tion (121.6 nm) to short-term ozone variations. Over
the 27-day solar rotation period, the solar Lo vari-
ations were found to be as large as 30 percent. In
order to achieve the precision necessary to detect
the corresponding ozone response, a large amount of
ozone data from low and mid latitudes was combined.
Shown in the figure is the ozone response to 30 per-
cent solar La variations as a function of pressure and
altitude. A strong ozone depletion is observed which
maximizes near a 70-km altitude.
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This depletion is thought to result from solar La
radiation photodissociating water vapor near 70 km,
with the resulting HOy acting as a catalyst for the
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destruction of ozone. This systematic destruction of
mesospheric ozone by HOx has been hypothesized,
but the ozone depletion via solar La had not been
previously detected. This finding should provide a
stringent test of HOx/Ox chemistry in the middle
atmosphere which is crucial to understanding the
Earth’s ozone budget. Once the HOx/Oyx chemistry
is validated, a study of the ozone depletion as a func-
tion of latitude and season may allow a mesospheric
water vapor climatology to be formulated.

(Gerald M. Keating, 2084)

Electronic Data Base for
Stratospheric Trace Gases

Rapid, effective access to the increasing vol-
ume of information on stratospheric trace gas con-
centrations is an important factor in advancing our
knowledge of the Earth’s atmosphere and its poten-
tial for change. These data originate from diverse
sources, including both measurements and model cal-
culations, and are found in a variety of locations and
in a wide range of formats. The ability to easily
obtain and use a wide range of such data sets is rec-
ognized as a key element in addressing many of the
issues in stratospheric research.

A pilot electronic data base, the Upper Atmo-
sphere Data Pilot (UADP), has been implemented
at Langley Research Center to provide the research
community with easy access to data on stratospheric
trace gases. The prototype system, now operational
on a dedicated VAX 8200 computer, -incorporates
measurements from several major satellite experi-
ments and from individual balloon experiments along
with calculations from two-dimensional atmospheric
models. Capabilities for browsing, retrieving, and
displaying data are provided. A user can access the
UADP from a remote site over normal telephone
lines, via Telenet, or over the Space Physics Anal-
ysis Network (SPAN). During 1987, the UADP was
used to support a two-dimensional intercomparison
workshop. Utilizing a specialized set of model calcu-
lations from five two-dimensional modeling groups,
the abilities to easily intercompare specific outputs
from the various models and to access data from the
workshop site were successfully demonstrated. As

the data sets in the UADP grow with the addition of
further available satellite and balloon measurements
and model results, it will provide an increasingly ef-
fective tool for research and for periodic assessment
and intercomparison efforts.

(Robert K. Seals, Jr., 2576)

Middle Atmosphere Modeling
Dynamics and Transport Processes

During the last decade and a half, the potential
for ozone depletion in the stratosphere as a result of
aircraft emissions, halocarbons, fertilizers, and vari-
ous other chemicals has stimulated the requirement
to understand the complex processes that determine
the spatial and temporal distribution of ozone and

P0237 NORTHERN HEMISPHERE
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Sitmulated ozone mizing ratio (parts per million
by volume) on the 10 millibar pressure surface
(~80km altitude) of the Northern Hemisphere
for model day February 7. The outermost circle
is the Equator, and the dashed inner circles cor-
respond to 80° N and 6(° N, respectively.
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other important trace constituents in the Earth’s at-
mosphere. A three-dimensional atmospheric circu-
lation and transport model that incorporates com-
prehensive chemistry has been developed at Langley
Research Center to simulate the distribution of con-
stituents from the surface to a 60-km altitude. Com-
parisons of simulated distributions with data from
satellite experiments demonstrate good agreement.
The model has been particularly successful in simu-
lating the transport of ozone during highly disturbed
conditions such as during mid-winter stratospheric
warmings. Of particular interest are the incursions or
“tongues” (denoted by the bold arrow in the figure)
of ozone-rich air parcels from lower latitudes into the
polar cap region associated with a strong cross-polar
jet and a displaced polar vortex during the warming
event.

The simulation exhibits erosion of the vortex
and irreversible mixing consistent with the concept
of wave-breaking inferred from satellite data. The
model has also successfully simulated the observed
evolution of the high-latitude spring maximum in
total column ozone. Applications of the model will
be focused on Upper Atmosphere Research Satellite
model/data interaction studies.

(William L. Grose, 4788)

Validation of Stratospheric
Satellite Wind Analyses

The traditional approach to determine horizon-
tal winds in observational studies of stratospheric dy-
namics is to utilize the geostrophic equation, which
represents a balance between horizontal pressure gra-
dient and Coriolis forces. Geostrophic winds can be
calculated using layer thicknesses derived from satel-
lite temperature soundings; these thicknesses in turn
are added to the height of a radiosonde reference-level
pressure surface (~100 mb). Model simulations have
recently suggested that nongeostrophic wind compo-
nents may exert a substantial influence on the winter
polar night jet.

This hypothesis has been examined using geopo-
tential height data from the Nimbus 7 LIMS (Limb
Infrared Monitor of the Stratosphere) experiment.
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Iterative solutions of the nonlinear balance equa-
tion were obtained with a successive under-relaxation
procedure applied to a 4° x 10° latitude-longitude
grid at 18 pressure levels (100 to 0.05 mbar). Spa-
tial smoothing and enforcement of the appropri-
ate ellipticity criterion for the LIMS height analy-
ses were required to achieve satisfactory convergence
of the numerical solutions. The figure compares
LIMS geostrophic and nonlinear balanced winds ver-
sus Berlin radiosonde measurements for January 14
to 20, 1979. The satellite and radiosonde wind pro-
files exhibit generally close qualitative agreement,
both in terms of vertical wind shear in wind strength
and in the variation of wind direction with decreasing
pressure. The balanced wind formulation appears to
provide more accurate wind direction. These inter-
comparisons underline the usefulness of the satellite-
derived wind analyses for application in stratospheric
transport and dynamics investigations.

(Thomas Miles, 2218)

Horizonta} wind vector over Berlin (13E, 52 N)

January 14-20, 1979

Pressure, 3 4 30

mb
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wind speed, m/s Direction, deg

Comparison of horizontal windflow over Berlin
(18°E, 52°N) between radiosonde (solid lines),
LIMS geostrophic (dotted lines), and balanced
analysts (dashed lines).

Launch Vehicle Architecture Study

Expansion of man’s activities into space over the
next several decades will require routine, low-cost,
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reliable space transportation. In the future, a mul-
tivehicle approach will be used in which unmanned
cargo vehicles deliver heavy payloads to orbit, and
small manned vehicles perform the man-critical mis-
sions. The challenge is to develop a set of vehicles,
or architecture, which is not only effective from a
life-cycle cost viewpoint but can also enhance this
nation’s launch capabilities in a timely manner.

The Langley Research Center Shuttle II study
has examined characteristics and technologies asso-
ciated with a future-generation manned launch sys-
tem. Assuming that a development cycle will be ini-
tiated in the early 1990’s and there will be evolu-
tionary technology advancements, a two-stage verti-
cal takeoff rocket system has been selected for further
in-depth studies. This concept, with its unmanned
booster element, lends itself well to the multivehicle
phased-approach architecture shown in the figure.

LOX/LH2 CORE LOX/LH2 CORE SHUTTLE I SHUTTLE Il
STAGE + SOLIDS AGL 4 Gl + STAR VEHICLE 2005 + STAR VEHICLE
MID-1990's FLYBACK BOOSTER LATE-1990's Delive 2005
LATE-1990°s Personnel Transport  Relurn, Sarvicing Parsonnel
Recon/Servicing Transport

LOX/LH? CORE
T, Sl

Space transportation architecture phased approach.

Under study is a liquid hydrogen (LHg2)/liquid
oxygen (LOX) propelled core stage which when com-
bined with solid rocket augmentation can lift pay-
loads of up to 100,000 lb into orbit. Later in-
corporation of the Shuttle II glideback booster ele-
ment, using methane propulsion, increases the core-
stage lift capacity to 150,000 1b and reduces launch
costs. Manned access to space in the early years of
the Space Station is assured with a small, interim
manned vehicle that complements the Space Shuttle
and is also flown on the core stage. The fully reusable
Shuttle II orbiter would become available around the

year 2005 and carry payloads in easily processed can-
isters. For passenger transport, the interim manned
vehicle would replace the canisters and provide the
added advantage of an independent launch escape
capability.

(T. A. Talay, 2768)
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The Structures Directorate conducts basic re-
search and develops technology in the areas of ad-
vanced aerospace materials and structures, structural
loading and aeroelasticity, noise generation by air-
craft propulsion systems and structures, and method-
ologies for interdisciplinary design and optimization.
This technology development is directed toward re-
duction in both weight and cost of aircraft and space
structures along with an increase in their reliability
and service life. The technology developed also pro-
vides improved design capability through more ac-
curate prediction of aerostructural loads, vibration,
and noise.

The Materials Division conducts research on ad-
vanced materials and their application to aircraft and
space structures. The division also develops novel
polymeric, metallic, and carbon-carbon materials for
these applications. The materials processing and fab-
rication sciences are developed, and the application
of materials to specific flight and space structures
is demonstrated. The division conducts research on
thermal protection materials and hot structure sys-
tems for application to hypersonic and transatmo-
spheric vehicles. The fatigue and fracture behavior
of materials is studied in specialized laboratories to
provide practical methods for insuring structural in-
tegrity. Specialized facilities are also used to study
the behavior of materials under extreme conditions
of high and low temperature, pressure or vacuum,
and electron radiation.

The Structures and Dynamics Division conducts
research on structures for advanced aircraft, space
vehicles, and the Space Station. Analytical meth-
ods are developed for the prediction of static and
dynamic stresses and strains in complex structures.
Research is conducted on space structures to char-
acterize and control dynamic response. Specialized
facilities are used to study the dynamics of aircraft
under simulated landing and crash conditions. The
division develops new structural systems for aircraft
and space structures and is also active in research and
development of advanced computational methods for
structural analysis and design.

The Loads and Aeroelasticity Division con-
ducts research in aeroelasticity, aerothermal loads,
high-temperature structures, unsteady aerodynamic
loads, and aeroservoelasticity. Analytical methods
are developed for calculating aeroelastic deforma-
tions and instabilities, for dynamic, vibratory, and

thermal response of structures, and for the active
control of aeroelastic and dynamic behavior of air-
craft. Unique facilities are employed in experimental
studies of unsteady aerodynamics, aeroelastic behav-
ior, and aerothermodynamic flows.

The Acoustics Division conducts research on
the generation and propagation of aircraft noise and
seeks to understand the relationships between un-
steady aerodynamics, structural dynamics, and noise
generation by the interaction of fluids with solid sur-
faces. This research is directed toward predicting and
reducing the noise from helicopter rotors, conven-
tional and advanced aircraft propellers, and turbofan
engines. Research is conducted on the propagation
of noise from its source through the atmosphere and
through aircraft structures.

The Interdisciplinary Research Office develops
methodologies for aircraft and spacecraft design
which will provide a means of understanding and
quantifying interactions among multiple engineering
disciplines. The goal is to control and exploit these
interactions for improved vehicle performance and in-
creased efficiency of the design process. This research
has focused on the development of algorithms and
techniques for integrating strength and stiffness de-
signs of large-aspect-ratio wing transport aircraft and
of rotorcraft. The methodology has been developed
for the optimization of space antenna dish shapes
subjected to thermal loadings. Controls, structures,
and structural dynamics have been integrated for use
in the design of Space Station type structures.

Thermally Induced Twist
in Composite Tubes

Composite tubes will be the primary building
elements for the Space Station because of their high-
specific stiffness and low coefficient of thermal expan-
sion. The dilatation and stress state of the tubular
elements during the thermal cycles that are typical of
Earth-orbiting spacecraft will be critical to the per-
formance of the Space Station.

A study of the thermal distortion of a candi-
date composite tube that was subjected to thermal
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cycles typical of those of the Space Station has been
conducted. Composite tubes, which were made of
P75/ERLX1962A graphite/epoxy, had symmetric-
balanced, symmetric, and asymmetric wall construc-
tion that was approximately 70-mil thick and 2 in.
in diameter. These tubes were subjected to thermal
cycling from —200°F to 200°F, and all of the tubes
exhibited unexpected measurable twist due to tem-
perature change. This twisting is caused by the dif-
ference in the radial positions of off-axis layers which
resulted in a moment about the tube axis. Thermal
shear strain typical of the tubes with asymmetric wall
construction is shown in the figure. The experimen-
tal results are in good agreement with a generalized
plane strain elasticity analysis, with temperature-
dependent material properties.

Both the symmetric and asymmetric tubes had
approximately the same amount of twist; how-
ever, the magnitude of the twist for the symmetric-
balanced tube was very small compared to that of the
other tube configurations. Twisting such as this can
have serious consequences if the tube is part of a high-
precision structure. In long (23-ft) unbalanced tubes,
when the temperature change is large (600°F from
stress-free state), the rotation of one end relative
to the other can be significant (approximately 10°
to 12°). Over a long service life, thermal fatigue
could be detrimental to a structure. This twisting

Thermal shear strain in P75/ERLX1962A
[-102/012] 2 in. diameter composite tube
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Effect of composite tube wall construction on
thermally induced twist.
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could introduce torsional loads into a structure that
was not designed for such loads; however, symmetric-
balanced fiber layups will avoid such consequences.
(S. S. Tompkins, 4558)

Impact Response of
Composite Fuselage Frames

Composite materials are presently being investi-
gated as the primary structural material for the next
generation of aircraft. The impact properties of com-
posite materials are more complex than metallic ma-
terials, and a program has been initiated at NASA
Langley Research Center to address the behavior of
composite aircraft structures under crash conditions.
Structural subcomponent tests are presently being
conducted. These tests allow detailed experimental
and analytical studies of the substructural behavior
under more controlled conditions than are possible
in complete aircraft tests. As part of this inves-
tigation, circular 6-ft-diameter graphite/epoxy fuse-
lage frames were statically and dynamically tested to
failure. These frames have the same cross-sectional
dimensions as typical transport aircraft frames but
only half the radius. In a crash, the skin and
longerons restrict twisting and out-of-plane bending
of the frames. This effect was simulated in both static
and dynamic tests by sandwiching the frame between
a front Plexiglas plate and a rear backstop. The ba-
sic failures along the circular frame are in the same
typical locations as observed in aluminum structures.
Additionally, brittle failures as shown in the first fig-
ure occur in the composite frames. These failures are
undesirable since structural integrity is lost and less
energy is absorbed. It is the task of the designer to
develop composite structures with maximum energy
absorption.

To aid the designer, load and moment distri-
butions in the frame were examined by modeling of
the frame with the nonlinear finite-element computer
code DYCAST (DYnamic Crash Analysis of Struc-
tures) developed by Grumman Aerospace Corpora-
tion under a NASA Langley Research Center con-
tract. The second figure shows the first 15 ms of the
experimental floor-level acceleration of the circular
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frame for a 20 ft/s impact and two predictions with
the DYCAST computer program. The difference in
the two analyses results from the level of constraint
applied to the frame in the model. In one case (the in-
plane model), frame deformations were constrained
to the plane of the frame. In the second case (the free
model), the specimen was free to twist and bend out-
of-plane. The peak acceleration levels of the exper-
iment and the DYCAST free model agree very well
initially. The acceleration in the DYCAST model

R

L-6‘8236

Fractured graphite/epozy frame.

drops off after the peak value because no lateral sup-
port is provided for the specimen. In the actual test
an 0.25-in. gap provided clearance between the spec-
imen and test frame. This gap allowed the frame
to initially twist and bend out-of-plane before being
constrained when contact was finally made with the
Plexiglas or backstop. This result emphasizes the
importance of boundary conditions in understanding
the dynamic behavior of the frame.

(Richard L. Boitnott and Edwin L. Fasanella,
3795)
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Structural Response of Redesigned
SRM Joint Nearly Insensitive
to Pressure Distribution

An understanding of the solid rocket motor
(SRM) tang and clevis joint sensitivity to O-ring
sealing assumptions was developed by considering
characteristic pressure distributions. Detailed three-
dimensional-solid finite-element models of a 1° slice
of the original and redesigned joints were developed
and analyzed using the Ames Cray X-MP /48 com-
puter. A networked computer environment was de-
veloped which enabled the use of Langley and Ames
computers to perform the parametric studies of the
tang-and-clevis joint. This environinent allowed large’
supercomputers to be used for computation as well
as small minicomputers to be used for model verifi-
cation, graphics processing, and output processing to
archival media.

Various pressure distributions were considered
including that of a factory joint which is completely
insulated. Moving from left to right on the figure, the
first case is representative of both the original and the
redesigned SRM factory joint (joining performed at
the factory) for which the internal insulation acts as
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the primary seal. For the field joints (joining per-
formed at the launch center facility) using the origi-
nal tang-and-clevis joint, the case where the primary
O-ring does seal and the case where the primary O-
ring fails to seal but the secondary O-ring does seal
are considered, respectively. The next three cases are
for the redesigned SRM joint with an interference fit
capture feature. The first case assumes that the O-
ring in the capture feature does seal. The next case
assumes that the primary O-ring seals, and the final
case assumes that the secondary O-ring seals. The
results for the original joint indicate that not only is
the average gap motion large, but it is also very sen-
sitive to pressure distributions (i.e., performance of
the O-rings). However, the redesigned SRM joint is
shown to substantially reduce the average gap motion
and to be nearly insensitive to pressure distributions.

0397

M0 —

0308

D Pressurized surfaces

Original joint Redesigned joint

L-86-11,259

Summary of average gap motions for vartous sealing
assumptions.

Inclusion of an interference fit capture feature
on the SRM field joints will limit the relative motion
that can occur between the inner clevis arm and
the tang. The redesigned joint will also be nearly
insensitive to pressure distributions.

(W. H. Greene, N. F. Knight, Jr., and R. E.
Gillian, 4892)
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Acoustic Effects on Airfoil Drag

One of the goals in the airfoil design is to mini-
mize drag, which is affected by the pressure distribu-
tion and skin friction on the airfoil. Various physi-
cal phenomena will affect skin friction, and one such
phenomenon is high-intensity sound.

An extensive in-house program is being con-
ducted to understand the effects of sound on air-
foil drag. A two-dimensional natural laminar-flow
airfoil (NLF-0414) was subjected to high-intensity
sound over a frequency range of 2 to 5 kHz, while
it was emersed in a flow of 240 ft/s. Using a wake
rake, wake dynamic pressures were determined, and
a simple exchange in momentum was used to produce
the two-dimensional drag coefficient. The first figure
shows the model and sound source, and the second
figure shows plots of percent change in drag coef-
ficient as a function of sound pressure level (SPL)
at various frequencies. The increase in drag is due
to the sound exciting the flow near the airfoil sur-
face causing the existing turbulence to become more
intense and increase the skin friction. Fully turbu-
lent airfoils have also been observed to experience a

Airfoil and sound source.

drag increase under a high-intensity noise environ-
ment. Additional drag data will be obtained using a
force balance and/or skin friction gauge to validate
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this drag change. Measurements of fluctuating sur-
face stresses and local velocity profiles will be made
to better understand the physical phenomena.
(John G. Shearin, 4911)
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F-15 Aft End Acoustics

Model-scale acoustic data have shown that high
dynamic pressure levels in the inner nozzle region can
be associated with supersonic jet plume resonance.
These levels are particularly severe when coupling
occurs between each plume’s large-scale structure.
These model results suggested that sonic fatigue of
engine nozzle flaps may be due to this phenomenon.

To investigate this possibility, the engine noz-
zle flaps of the NASA Ames/Dryden F-15 were in-
strumented to measure dynamic pressure (by using
eleven sensors), strain (by using two gauges), and ac-
celeration (by using three transducers). Flap static
pressure and temperature were also recorded along
with needed engine parameters for the shock noise
calculation. Four flights were completed which cov-
ered an extensive range of flight Mach numbers and
altitudes.

From an initial analysis of the data, pressure
fluctuations on the engine nozzle flaps have peak
spectral amplitudes near those frequencies predicted
for plume resonance. The sample narrowband pres-
sure spectrum shows the agreement between the pre-
dicted and measured spectral peaks for an aircraft
flight Mach number of 0.86 at 15,000 ft. The corre-
sponding flap response to this load shows that the F-
100 engine nozzle flaps have a natural response near
100 Hz. The flap response was found to be highly
coherent with the dynamic pressure fluctuations.
(John M. Seiner and James C. Manning,
3094)

Microphones
Strain gages
Accelerometers

F-15 instrumented for acoustics, accelerations, and
structural loads.

Changes in RSRA/X-Wing
Stopped-Rotor Stability
Characteristics Due to Static
Aeroelastic Deformation

The Rotor Systems Research Aircraft (RSRA)
is being used to test an advanced X-wing rotor sys-
tem that could lead to high-speed vertical takeoff
and landing aircraft designs. An X-wing rotor is a
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bearingless four-bladed rotor that is capable of being
stopped in flight and configured as two forward-swept
and two aft-swept wings.

A mathematical model that describes the lon-
gitudinal dynamics of the RSRA/X-wing vehicle in
the stopped-rotor no-circulation control blowing con-
figuration was developed and analyzed for changes

in vehicle dynamics due to aeroelastic effects. The
Interactions of Structures, Aerodynamics and Con-
trols (ISAC) computer program is the main tool used
for these model development and stability studies.
Significant changes in aircraft short-period dynamics
due to aeroelasticity were found, and the aircraft was
predicted to become statically unstable at 230 kn at
sea level. The loss of static stability is due to changes
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in aircraft lift and pitching-moment coefficients (Cr
and Cjyr,,, respectively) caused by structural defor-
mation. The normalized moment coefficient changed
from initially stabilizing to destabilizing at 230 kn,
and little change was found in the normalized air-
craft lift coefficient as shown on the bottom left of
the figure. The moment changes are due to a shift
in aerodynamic center (AC) location with respect to
the vehicle center of gravity (CG) shown on the bot-
tom right of the figure. This aerodynamic center shift
is due to aeroelastic “wash-in” of the forward-swept
blades (“wash-in” is the tendency of the local an-
gle of attack to increase with bending deformation)
which moves the blade center-of-lift outboard and
forward, and the “washout” of the aft-swept blades,
which moves the center-of-lift inboard and forward
(as shown in the top part of the figure).

(Michael G. Gilbert, 2388)

Shape Optimization of Bolted
SRB Field Joint Alternative

In the wake of the January 1986 Challenger acci-
dent, various alternatives have been proposed for the
redesign of the solid rocket booster (SRB) field joints
(see also p.135). Researchers at Langley Research Cen-
ter have proposed a bolted configuration (as shown
in the first figure) which is very safe but which has

Bolted joint configuration.

a significant weight penalty. A structural optimiza-
tion procedure has consequently been developed to
select the shape for this alternate design. The de-
sign requirements included minimization of the joint
weight while maintaining the stresses within allow-
able values and preventing a gap from forming on
the inside of the joint at the O-ring seal.

The design model used in this study is described
in the second figure. The model was analyzed by
conventional finite-element methods. The optimiza-
tion was conducted using a “usable-feasible” direc-
tion nonlinear programming code, and gradient in-
formation was generated by a finite-difference proce-
dure. A special-purpose automatic mesh generator
was developed to update the finite-element mesh to
reflect the changes in the geometry. Also, to speed
up the optimization process and thereby multiply the
number of design alternatives considered, the proce-
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dure was implemented in parallel on four engineering
workstations.

This effort indicates that conventional nonlin-
ear programming techniques can be brought to bear
on the challenging problem of shape optimization of
complex solid bodies. The study shows that a geom-
etry can be found that insures that the joint remains
closed under ignition loads and that the stresses re-
main within allowable limits, except in localized ar-
eas of stress concentration. It is felt that these
stresses will be reduced by plastic flow and can be fur-
ther improved by careful local design. The optimal
bolted design is heavier than the original tang-and-
clevis concept by 1144 to 2003 lb, depending on the
stress constraint formulation. Due to the presence of
some areas of three-dimensional stresses, the result-
ing weight penalty is very sensitive to the stress con-
straint formulation. Performance analyses indicate
that the weight penalty results in a payload penalty
on the order of only 114 to 250 Ib per joint, depend-
ing on the type of trajectory flown.

(J.-F. M. Barthelemy and J. L. Rogers, Jr.,
2887)

Reduction of Blade-Vortex
Interaction Noise

Blade-vortex interaction (BVI) is an intense
source of noise which is critical to the acceptability
and detectability of a helicopter. A recent in-house
analytical study has formulated several concepts for
the reduction of this noise source, and these concepts
utilize the higher harmonic control (HHC) capability
presently under development for reduction of vibra-
tory loads.

A feasibility study of one of these concepts has
been carried out in the Transonic Dynamics Tunnel
(TDT) utilizing the Aeroelastic Rotor Experimental
System (ARES) shown in the first figure. The model
employed four untwisted 4.5-ft-radius and 4.24-in-
chord blades that rotated at a tip Mach number
of 0.628. The second figure displays measured acous-
tic pressure spectra of the total model noise at a tun-
nel speed of 52 ft /s and a tip-path-plane (TPP) angle
of 4°. In the spectrum labeled “no control,” blade-
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vortex interaction accounts for the high noise levels
at multiples of the blade passage frequency (BPF)
in the range 0.3 to 1.2 kHz. To obtain the “con-
trol” spectrum, an HHC capability was employed to
reduce each blade’s pitch angle by only 1° as that
blade passed through the region in which BVI was
expected. As can be seen, this small control input
resulted in a reduction of the BVI noise levels by 3
to 4 dB. Theoretically, greater levels of control would
produce even more noise reduction.

The favorable results of this preliminary proof-
of-concept test have justified a comprehensive acous-
tic evaluation of this and other concepts that utilize
HHC for BVI noise reduction. Such a program will
be carried out in the TDT in the near future.

(E. R. Booth, Jr. and W. T. Yeager, Jr., 2645)
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ARES model in TDT.
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Alleviation of Cavitation in
Superplastically Formed
7475 Aluminum Alloy Using
Post-Forming Pressure

Superplasticity is the ability of selected metal
alloys to undergo large strains (500 to 1000 percent)
at elevated temperature prior to localized thinning
or fracture. Processes have been developed for su-
perplastically forming complex structural shapes in
a single operation and result in significant cost sav-
ings compared to forming the same components using
conventional means. When some aluminum alloys
(such as 7475 aluminum alloy sheet material) are su-
perplastically formed, internal porosity or cavitation
is generated due to the metallurgical nature of the
alloy.

Methods to suppress or alleviate cavitation in
aluminum alloys must be developed to realize the full
potential offered by superplastic forming for reducing
the cost of aerospace structural components. The fig-
ure shows the effects of postforming pressure on cav-
itation in the 7475 aluminum alloy. Specimens were
superplastically formed at a temperature of 960°F
using argon gas at a pressure of 100 b/ in%. Follow-
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Effect of postforming pressure on cavitation of 7475
aluminum alloy.

ing forming of the sheet material into the tool cav-
ity, the postforming gas pressure was increased and
maintained for 1.5 hr. Several levels of postform-
ing pressure were investigated. Following exposure
to the prescribed pressure-time profiles, metallurgi-
cal specimens were prepared and examined using a
light microscope. A comparative image analyzer was
used to determine the amount of porosity.

As shown in the figure, the cavitation was re-
duced from 2.5 percent for specimens subjected to a
postforming pressure of 125 1b/in? to less than 0.25
percent for specimens exposed to 425 1b/in?. Results
of this study indicate that postforming pressure can
be used to heal cavitation resulting from superplas-
tic forming (SPF). The technique is relatively simple
and should extend the maximum forming strains for
use in fabricating structural components.

(T. T. Bales, 3405)

Method of Predicting
Energy-Absorption Capability
of Composite Subfloor Beams

The next generation of U.S. Army helicopters
will be designed using advanced composite materials
throughout the aircraft. These helicopters will be
designed to stringent crashworthiness requirements.
In addition to the landing gear, the subfloor structure
will be required to absorb energy. To facilitate
the design of energy-absorbing subfloor structures
in a manner consistent with conventional structural
design practice, a method of predicting the energy-
absorption capability of the subfloor structure has
been devised.

Different types of graphite/epoxy (Gr/E) and
Kevlar/epoxy (K/E) stiffened and sine-wave beam
subfloor concepts have been experimentally evalu-
ated. Beam geometric parameters investigated were
tube diameter D, distance between stiffeners S, and
width of square cross-section stiffener W. Through
a comprehensive study of the crushing characteris-
tics of composite material, energy-absorbing subfloor
beam concepts have been developed which are su-
perior energy absorbers to the comparable metallic
beams.
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Recent test results have shown that the crushing
modes of structural composite beams were similar to
those of circular and square cross-section tubes of
similar composite material and fiber-reinforcement
architecture. A hypothesis was formulated for pre-
dicting the energy-absorption capability of a struc-
tural element. This hypothesis is that the crash
energy-absorption capability of a structural element
is the sum of the weighted average of the energy-
absorption capability of its characteristic elements.
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Energy-absorption of composite [£45] subfloor beam
structure.

Therefore, if the energy-absorption capabilities are
known for composite tubes of different geometries
then the energy-absorption capability of a structural
element can be predicted. Using this techniqie the
energy-absorption capability of composite sine-wave
and stiffened beams was predicted as shown in the
figure. Excellent agreement between prediction and
experiment was obtained.

(G. L. Farley, 2850)
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Use of B,C Particulates
to Improve Properties in
Aluminum Matrix Composites

Aluminum matrix materials reinforced with SiC
whiskers have been shown to have properties that
make them attractive for a variety of aircraft struc-
tural applications. At present, however, the whiskers
are relatively expensive, have approximately 15 per-
cent more density than aluminum, and have an
aspect ratio sufficiently high (2:1 to 5:1 in final
composite form) to result in composites with some
anisotropy in properties.

Programs have been initiated to develop other
aluminum matrix composites. One of these develop-
ments is the boron carbide particulate reinforcement,
which has the potential to overcome the shortcom-
ings of Al/SiC. The figure shows the tensile strength
Fiy, yield strength Fyy, tensile modulus E;, and
strain to failure e of 2124 Al/SiC and 2124 Al/B4C
composite extrusions for different heat treatments
and orientation (with respect to the extrusion di-
rection). Heat treatment has little effect on either
composite, whereas the orientation effects are obvi-
ously greater for the SiC whiskers than for the B4C
particulates. In general, the properties of the two
composites are about the same. The B4C, however,
is about 25 percent less dense than the SiC; thus, for
the same reinforcement volume fraction, the specific
properties (density adjusted) of the B4C composite
are somewhat better. Because the B4C is less costly,
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less dense, and results in composites with properties
at least as good as SiC whiskers, significant payoffs
in terms of structural efficiency and cost may be re-
alized by using the B4C reinforcements.

(W. D. Brewer, 4193)

Three-Dimensional Analysis
of Fatigue Crack Closure

All current fatigue crack growth models incor-
porate a parameter that characterizes the magnitude
of the stress field around the crack tip. In the past,
the stress intensity factor range was used almost ex-
clusively as the stress field parameter, but in recent
years experimental evidence has indicated the need
to modify this parameter to account for the effects
of crack closure. However, it has only been possible
to experimentally evaluate the closure behavior ei-
ther at the surface of a material or as an “averaged”
value for the entire crack front. For thick materials,
the closure behavior in the interior may be signifi-
cantly different from that at the surface.

To provide insight into the closure behavior
in the interior of thick plates, a three-dimensional
elastic-plastic finite-element code has been written to
subject finite-element models to cyclic loads and to
simulate fatigue crack growth. Asthe model is loaded

0.26 S

max 036 Smax 056 Spoy Smax

)

CRACK

SURFACE
FuLLY
OPEN

Analytically predicted fatigue crack opening sequence
during loading cycle.

and unloaded, the program computes the stresses and
displacements near the crack and identifies the loads
at which the crack opens and closes. The figure shows
the calculated progression of the opening and clos-
ing profiles on the crack surface during the loading
portion of a cycle. In the figure, the shaded region
indicates areas where the crack is closed, C; is the
initial crack length, C is the current crack length,
and B is the material thickness. At a stress of 0.1
Smax (Smax €quals maximum stress in the cycle), the
crack is closed at the crack tip along the entire crack
front. At 0.36 Smax, the interior is fully open but the
exterior layers are still closed. For stresses greater
than 0.56 Spax, the entire crack is open. This se-
quence was reversed upon unloading. Based on the
computed opening and closing behavior, stress inten-
sity factor ranges can be modified to more accurately
represent the conditions at the crack tip.

(J. C. Newman, Jr., 3192)

Inexpensive Method for Calculating
Strain-Energy Release Rate

Structures made of laminated composite ma-
terials sometimes contain small delaminated areas.
If the delaminated area grows when the structure
is subjected to compressive loading, the associated
loss of structural stiffness may cause the structure
to fail. A promising analysis to determine whether
a delamination will grow when subjected to ser-
vice loads is based on the calculation of a quan-
tity called the strain-energy release rate. The usual
method of calculating this quantity for real-world,
three-dimensional (3-D) delamination configurations
is based on structural parameters that must be deter-
mined from a 3-D (solids) elasticity analysis. These
3-D analyses are expensive and limit the use of the
strain-energy release rate approach because practical
applications require the analysis of numerous poten-
tial delamination configurations.

In the current method, information developed
from an inexpensive two-dimensional (plate) elastic-
ity solution is used to approximate the parameters
needed for the analysis of 3-D delamination configu-
rations. As a check on the accuracy of the current
method, the delamination configuration shown in the
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figure was analyzed by both methods. The delamina-
tion is square with a side dimension of a. The local
z-y-z coordinate system is shown in the figure. The
figure shows the distribution of strain-energy release
rate for the boundary z = a/2. The distribution of
strain-energy release rate calculated by the inexpen-
sive plate analysis agrees very well with the results
from the solids analysis method. The lower cost of
the current analysis technique makes the application
of the strain-energy release rate approach to delami-
nation growth prediction more practical.

(J. D. Whitcomb, 3046)

For X = a/f2
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Distribution of strain-energy release rate at delams-
nation determined by two analyses.

Improved Processibility of LARC-TPI
Composites by Matrix Resin Blending

Advanced polyimide materials currently exhibit
excellent toughness, solvent resistance, and ther-
mooxidative stability, but improvement in the flow
properties of these materials is required in order
to expand their utility as high-performance ma-
trix resins. The addition of low molecular weight
semicrystalline LARC-TPI powder to various LARC-
TPI precursor solutions has demonstrated a marked
improvement in the melt flow properties of this class
of thermoplastic polyimides.
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Varying percentages of LARC-TPI semicrys-
talline powder were added to LARC-TPI precur-
sor solutions and created a stable slurry that was
utilized as a matrix resin in the fabrication of
graphite/LARC-TPI prepreg. The resultant prepreg
was thoroughly wet, and the matrix resin was evenly
distributed in the fiber bundles. Void-free, well-
consolidated laminates and hat stiffener elements
were molded from the prepreg by conventional poly-
imide cure procedures. The mechanical proper-
ties of the as-fabricated laminates were superior to
the properties of composites fabricated from prepreg
made without the semicrystalline powder. Blends
of other polyimide compositions, including Langley
Research Center’s PISO9, with LARC-TPI semicrys-
talline powder have exhibited the same trends of im-
proved prepreg manufacture and composite fabrica-
tion.

(Robert M. Baucom, 4197 and Norman J.
Johnston, 4198)
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General Compressive Strength
Theory for Composite Laminates

Efficient designs using composite materials re-
quire a thorough understanding of the mechanisms
that affect laminate response. Laminate compres-
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sive strength is an important design parameter, and
researchers have studied the mechanics of this phe-
nomenon for many years. Previous research has fo-
cused on specific failure mechanisms and on specific
laminates. The present study has developed a gen-
eral, validated theory that quantifies the dominant
mechanisms affecting the compressive strength of a
wide range of undamaged composite laminates and
has used the theory to predict laminate compressive
strength.

Analysis
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Compressive strength of [£6]s-class laminates as a
function of ply orientation.

Laminate compressive strength as a function of
ply orientation is shown in the figure for [+6]s-class
AS4/3502 laminates. The analytical and experimen-
tal results from the present study show good agree-
ment. The laminate compressive strength is dom-
inated by three failure mechanisms: interlaminar
shearing, in-plane matrix shearing, and matrix com-
pression. The failure stress associated with each fail-
ure mechanism is calculated, and the lowest or criti-
cal failure stress is referred to as the laminate com-
pressive strength and is plotted on the figure. The
theory does not couple the failure mechanisms. The
initial waviness of all plies is included in the the-
ory, and an imperfection-amplitude-to-ply-thickness
ratio of 0.5 is used as a representative imperfection
amplitude that is typical for composite laminates.

Interlaminar shearing caused by initial waviness of
the plies initiates laminate failure for 0°< 8 < 15°.
This interlaminar shearing is characterized by lam-
inate brooming and interlaminar cracking. In-plane
shearing initiates laminate failure for 15°< 4 < 50°.
This in-plane matrix shearing mode occurs at the
fiber-matrix interface and in the epoxy matrix be-
tween fibers. Matrix compression initiates laminate
failure for 50°< 6 < 90°. Matrix compression fail-
ure is similar to the classic compression failure for
isotropic materials. This failure mode is character-
ized by a failure surface that extends through the
material thickness in a plane that is oriented at 45°
to the middle surface of the laminate.

(Mark J. Shuart, 2813)

Parallel Method for Solving
Eigenvalue Problems

Large eigenvalue problems, which include vibra-
tion and buckling problems, are a substantial compu-
tational burden in structural analysis. A new method
has been developed to solve this type of problem on
multiprocessor parallel computers, thereby reducing
the computational time. The new method is a par-
allel implementation of the Lanczo’s method. The
effectiveness of the method has been demonstrated
by carrying out a free-vibration anaiysis of a blade-
stiffened graphite/epoxy plate with a circular cutout
(shown in the first figure). The analysis time with
16 processors was about one-seventh of the time for
one processor.

The basic Lanczo’s method involves transform-
ing the original large, general eigenvalue problem into
a small problem consisting of a tridiagonal matrix
that is easily solved, instead of using the full stiffness
matrix. The resulting tridiagonal eigenvalue problem
gives eigenvalues that accurately approximate those
of interest of the original problem.

The most computationally intensive steps in the
process (the decomposition of the stiffness matrix
and the forward and backward solution steps) were
calculated in parallel on a varying number of proces-
sors. The decrease in execution time for the decom-
position of the matrix, the solution steps, and the
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648 Degrees of Freedom

Semi-bandwidth of 135

cessing several factors in addition to available hard-
ware must be considered. Factors to consider in-
clude data dependencies inherent in the algorithm,
balanced workload among the processors, problem
size, and number of calculations that must be done
sequentially.

(S. W. Bostic, 3401)

Finite-element model of blade-stiffened plate with
circular hole.

semibandwidth = 135 648 Degrees of Freedom (DOF)

Number of Processors

Calculation Steps 1 2 4 8 16

Matrix Decompasition 545 275 136 89 47
Equation Sclution 288 153 89 69 61

Eigenvalue Calculation 34 34 34 34 34
(Sequential}

Total time {seconds) 867 462 259 192 142
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Number of processors

Time (in seconds) to solve for 10 eigenvalues on up
to 16 processors.

total eigenvalue calculation are shown in the table.
The speedups obtained with up to 16 processors are
shown in the second figure. The speedups are com-
pared to the theoretical speedup, represented by the
solid line, which could only be achieved if all compu-
tations were done in parallel and if the workload was
exactly balanced.

The time to perform vibration analysis can
be significantly reduced by concurrent calculations;
however, in order to take advantage of parallel pro-
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Speedups obtained on up to 16 processors.

Response of Buckled
Plates to Acoustic Force

Intense acoustic forces can induce fatigue fail-
ures in aircraft components such as skin panels. If
the panel is curved due to a static buckling load,
fatigue can occur in a shorter time if the panel dis-
placement “snaps through” from one static equilib-
rium position to another. The method of equivalent
linearization was used to analyze the “snap-through”
behavior of an initially flat panel. This work was
done by the second author with support of an NRC
resident associateship.

The panel is subjected to a static in-plane com-
pressive force F, which results in an end shorten-
ing u. When u reaches the critical value u;, the
panel buckles into a curved shape. The application
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of sound (given by the nondimensional parameter a),
causes the response ¢,s. The response is shown to
increase with increasing compression in both the pre-
buckling and the persistent “snap-through” domains.
In the persistent “snap-through” domain, the panel
displacement “snaps through” from one static equi-
librium position to the other on almost every vibra-
tory cycle. The stresses associated with this motion
are calculated to be much higher than those in a
flat panel or in the domains where “snap through”
does not occur, and they are expected to lead to
greatly reduced fatigue lifetimes. As the compression
is increased, the curvature becomes so large that the
acoustic force is insufficient to cause “snap through”
on every cycle (intermittent “snap through”), and
finally for very large u no “snap through” occurs.
(J. S. Mixson and C. F. Ng, 3561)
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Aeroservoelastic Analysis
Validated by Wind Tunnel Tests

An aeroelastically tailored wing with active con-
trols was used to test an Active Roll Control (ARC)
system. The model. which is shown in the first fig-
ure. is aeroelastically scaled with a span of approxi-
mately 9 ft and is mounted on a sting in such a man-
ner that the model is free to roll. The model has two
leading-edge and two trailing-edge control surfaces
on each wing panel. At each test condition the two
most effective pairs of control surfaces were chosen
for roll control; for the present example these are the
trailing-edge inboard pair (¢;) and the leading-edge
outboard pair (é9).

Active Roll Control laws were synthesized such
that the roll performance of the model and the sta-
bility robustness (i.e.. gain and phase margins) are
constant for all combinations of the feedback param-
eter k and input-scaling parameter, k.. The quanti-
ties that change with k and x. are the deflections of
the control surfaces, 6; and éo. The plot in the sec-
ond figure presents a comparison of analytical pre-
dictions and corresponding experimental results of
control surface deflections. Plotted are the values of
01 and 62 which result from applying a given roll-rate
command to the model for a constant value of k. and
several values of k. The agreement between analysis
and experiment is very good.
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Active flexible wing model.
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Control surface deflection is a measure of the
effort required by the control system to perform its
function, and this plot (and others like it) allows the
engineer to minimize that effort by proper choice of
kc and k. In a similar manner, wing loads (shears,
bending and torsion moments) during the roll ma-
neuver may be minimized by an alternate choice of
ke and K.

(Boyd Perry III, 3323)
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Control law parameterization for Mach number of
0.90 and dynamic pressure of 250 Ib/fi2.

Development of Transonic
Aeroelasticity Coue for Realistic
Aircraft Configurations

A time-accurate approximate factorization (AF)
algorithm has been implemented for solution of
the unsteady small-disturbance potential equation
for transonic flow. The algorithm is very efficient
for transonic unsteady aerodynamic and aeroelas-
tic analyses of complete aircraft geometries with
multiple lifting surfaces and bodies. A new com-
puter code, Computational Aeroelasticity Program -
Transonic Small Disturbance (CAP-TSD), has subse-
quently been developed to fully exploit the computa-
tional efficiency and superior stability characteristics
of the AF algorithm.
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Calculations were performed for the General Dy-
namics 1/9-scale F-16C aircraft model using four lift-
ing surfaces and two bodies. The lifting surfaces in-
clude the wing with leading- and trailing-edge con-
trol surfaces; the launcher; a highly swept strake,
aft strake, and shelf surface; and the horizontal tail.
The bodies include the tip missile and the fuselage.
Steady pressure distributions at the wing nondimen-
sional span location of 7,, = 0.47 are shown in the
figure for the F-16C aircraft at a free-stream Mach
number of 0.9 and an angle of attack of 2.38. For
this case, there is a moderately strong shock wave
on the upper surface of the wing, and the CAP-

@ STEADY PRESSURE COMPARISON

M=[:>0.9 JH_E

— CAP-TSD
° Upper surface

l Experiment
o Lower surface

CAP-TSD calculations for F-16C aircraft model.
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TSD pressures agree well with the experimental data.
Unsteady pressure distributions have also been ob-
tained, but no unsteady data are available for com-
parison.

(John T. Batina and David A. Seidel, 4236)

2-D Global/Local Analysis
Using Computational
Structural Mechanics Test Bed

Local discontinuities such as change in thick-
ness, holes, or cracks can cause large stresses and
large stress gradients in the vicinity of the discon-
tinuities. This local phenomenon can only be pre-
dicted adequately with a detailed stress analysis. A
2-D global/local analysis technique has been devel-
oped to carry out such a local, detailed stress analysis
within a larger, less-refined analysis model.

Elasticity theory shows that the stress concen-
tration factor for a large, thin isotropic plate with a

small central hole of radius r, (a plate that is subject
to uniform uniaxial tensile stress o,) will have a value
of three at the edge of the hole and will vary with dis-
tance from the hole as shown by the solid curve in the
graph (at the right side of the figure). The global so-
lution (represented by the solid circles in the graph)
provides good agreement with the elasticity solution
in the far field but very poor agreement in the region
near the hole; errors in the hole region are in excess of
32 percent. This global solution is used to define im-
posed displacement boundary conditions for the local
model using the spline interpolation processors. The
resulting global/local solution predicts stress concen-
tration factors (represented by the open circles in the
graph at the right of the figure) within 2.5 percent
of the elasticity solution in the neighborhood of the
hole.

This approach for a 2-D global/local analysis ca-
pability provides an accurate prediction of the stress
distribution near a discontinuity using a local finite-
element model. To achieve this same degree of ac-
curacy, a global model would have to be comparably
refined, not just in the region of the hole but also

Local model around hole
(refined grid)

Global plate model
(coarse grid)

3.0
o - Global solution
o— - Local solution
2.5} .. .
Elasticity solution
2.0
1.5
1.0
0

2-D global/local analysis technique for plates with discontinuities.
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away from the hole. The solution of such a large
global finite-element model would be extremely ex-
pensive in terms of computer resources.

(N. F. Knight, Jr. and S. L. McCleary, 4892)

Fluorinated Polyimide Films
for Thermal Control Coatings

Optical transparency is a requirement for high-
performance polymeric films used in second-surface
mirror coatings on thermal control systems. Color-
less aromatic polyimide films synthesized in the Ma-
terials Division at Langley Research Center show ex-
cellent potential for use in a space environment due
to their high optical transparency at 500 nm, which is
the wavelength of peak intensity for solar radiation.

Polyimide films based upon the aromatic dian-
hydride monomer containing hexafluoropropane (6F)
were found to be superior to commercial Kapton
polyimide film after both ultraviolet (UV) and elec-
tron irradiation. Prior to UV or electron exposure,
films were mounted on a highly reflecting silver or
aluminum surface to simulate a second-surface mir-
ror thermal control coating. The figure displays the
UV-visible spectra of films exposed to 300 equiva-
lent solar hours (ESH) of UV radiation in a high
vacuum. The 6F-containing polyimide films retained
between 62 and 82 percent transparency at 500 nm
compared to 35 percent for commercial film. Films
containing ether linkages such as oxydianiline (ODA)
or bis(aminophenoxy)benzene (APB) and fluorine
atoms such as bis[(aminophenoxy)pheny!|hexafluoro-
propane (BDAF) were superior to those containing
sulfone linkages such as the diaminodiphenylsulfone
(DDSO3). Upon exposure to 5 x 10° rad of 1 MeV
electrons, all 6F-containing films retained 80- to 90-
percent transparency compared to 35 percent for the
commercial film.

Many of these fluorinated polyimide films are
highly soluble in low boiling solvents and are appli-
cable for use as spray coatings. Both the increased
optical transparency and enhanced solubility of these
high-performance polymers make them viable candi-
dates for use in thermal control coating systems.
(A. St. Clair and W. Slemp, 2151)
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UV-wvisible spectra of fluorinated polyimide films.

Augmented Heating
Rate Measurements by
Shock Impingement on
Cylindrical Leading Edge

Impinging shock waves that interact with the
bow shock of a blunt leading edge produce strongly
augmented leading-edge heating rates. The magni-
tude of the heating augmentation is a function of
the flow conditions and the location of the shock in-
teraction with respect to the leading-edge centerline.
Flow configurations of this type occur on hypersonic
engine inlets, in which, for engine efficiency, it is de-
sirable to have the forebody compression shock inci-
dent on the engine cowl (a condition referred to as
“shock-on-lip”).

The 8-Foot High Temperature Tunnel (8-Foot
HTT) and the Calspan 48-Inch Shock Tunnel were
used to define the heating and pressure loads on
a 3-in-diameter cylindrical leading edge (with a
dense population of instrumentation) with an inci-
dent shock formed by a wedge shock generator. De-
tailed measurements were obtained over a range of
Mach numbers, Reynolds numbers, shock strengths,
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and shock interaction locations. The first figure
shows a Schlieren photograph of a Type IV (as de-
fined by Edney) interference pattern.

Data for the heating rate distribution (normal-
ized by the no-shock stagnation heating rate) over the
surface of the cylinder for Mach 16 flow are shown at
the right of the figure. In this figure, q represents the
local heat transfer rate, g, represents the undisturbed
stagnation point heat transfer rate, and 0 represents
the angular distance from the undisturbed stagna-
tion point (negative 6 is counterclockwise). The peak
heating rate is a factor of 20 higher than the no-shock
case. Accurate definition of local heating loads such
as these are essential for the design of safe minimum
weight structures and active cooling systems for hy-
personic vehicles.

(Allan R. Wieting, 3423)

Schlieren photograph of Type IV interference
pattern.
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Improved Processibility of Polyimides
Through Use of Diamic Acid Additives

Conventional polyimides are tough, flexible,
thermooxidatively stable, and solvent resistant, but
they are very difficult to process. LARC-TPI and
copolyimide 422 are two polyimides developed at
Langley Research Center which possess somewhat
improved processibility; however, further improve-
ments were needed to expand their use as high-
performance matrix resins. Low molecular weight
diamic acid additives were synthesized and added at
varying concentrations to the polyamic acid resins of
LARC-TPI and copolyimide 422 as a means of im-
proving their processibility.

Polyimide films containing the diamic acid ad-
ditives were screened by thermomechanical analysis
(TMA) and compared to LARC-TPI and copoly-
imide 422 control films. The TMA results indicated
improved processibility with the addition of the di-
amic acids. This effect was quantified on the capillary
rheometer by running copolyimide 422 molding pow-
ders containing various additives. There was a sev-

eral orders of magnitude difference in the apparent
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viscosities of the copolyimide 422 control and copoly-
imide 422 with 2.5 or 5.0 weight percent of selected
additives (as shown in the figure). When composites
were prepared from the LARC-TPI system contain-
ing a diamic acid additive, the increased melt flow
resulted in better consolidation. This consolidation
translated into improved room temperature and ele-
vated temperature mechanical properties.

(Diane M. Stoakley and Harold D. Burks,
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Capillary rheometry study of additives in copoly-
imade 422.

Comparison of Simulated Low-Earth
and Geosynchronous Orbit
Exposure on Composite Materials

Graphite-fiber-reinforced polymer matrix com-
posite materials are being considered for space ap-
plications because of their low density, high strength
and stiffness, and high-dimensional stability. These
materials have exhibited good environmental dura-
bility in short-term space applications. Since most
future spacecraft will be designed for 10 years or
longer, there is a concern that the space environ-
ment may interact with the polymer matrix to al-
ter the properties of the composite and limit their
usefulness.
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Microdamage in composite materials.

The space durability of a variety of composite
materials with matrices ranging from a brittle epoxy
to a tough semicrystalline thermoplastic has been
evaluated. The durability was determined by mea-
suring the environmental-induced microcrack density
resulting from simulated low-Earth orbit (LEO) and
geosynchronous orbit (GEO) environments. The ta-
ble summarizes the microdamage for six commer-
cially available aerospace material systems. Only the
C6000/P1700 composite exhibited microcracks in the
as-fabricated condition. The simulated LEO environ-
ment produced major microdamage in all the com-
posites except the T300/BP907 and the AS4/PEEK.
Overall, the microcrack density for all materials ex-
posed to the simulated GEO environment was greater
than that found following the LEO simulation in-
dicating that radiation affected the matrix in the
composites and thus the thermal cycling response.
The results show that the composite system that was
not damaged during LEO simulated exposure was
the most damaged by simulated GEO environment
and that all of the materials were damaged by the
GEO simulated environment. Thus, composite ma-
terials suitable for LEO spacecraft applications may
not have the required durability for long-term GEQO
missions.

(J. G. Funk, 4582)
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New Direct Solution for Thermal
Stresses in Spherical Nose Cap Under
Arbitrary Temperature Distribution

The process to design a nose cap for a hyper-
sonic vehicle begins with a trajectory analysis fol-
lowed by a stagnation point heating rate analysis.
The heating rate distribution is used in a transient
thermal analysis to find the time-dependent temper-
atures throughout the structure. Thermally induced
stresses are computed for the worst-case temperature
profile and used to size the structure. Since the de-
sign process as outlined is iterated to arrive at a final
design, it becomes essential to use a rapid, easy-to-
use and accurate stress determination technique. If
the nose cap structure is treated as a thin spherical
shell with an axisymmetric temperature distribution
and the stress solution to the thermoelastic equa-
tions is represented as a series of Legendre polyno-
mials, the governing differential equations are readily
solved.

20000 — Outside surface

Closed forrf/‘
solution

Finite-element anatysis

Axial
stress, 0
psi A‘l
-20000 L L L L .
0 20 40 60 80 100
0, deg

sults shown in the figure compare the direct solution
technique with results from a detailed finite-element
analysis. The stresses are representative of those in
a ceramic nose cap with a typical temperature distri-
bution. The solution technique significantly reduces
the iteration time to arrive at an acceptable design.
(Randall C. Davis, 2291)

Optimization Procedure to Control
Spacing of Vibration Frequencies
for Flexible Space Structures

As spacecraft structural concepts increase in size
and flexibility, the vibration frequencies become more
closely spaced. The identification and control of
structures having closely spaced frequencies present
a significant challenge, and it is necessary to assess
the performance of control and identification algo-
rithms on such structures. The Control of Flexible
Structures (COFS) Project is aimed at developing
this technology and therefore requires a structure
that has closely spaced vibration frequencies. Thus,
a need exists to develop a systematic method-to de-
sign such a structure.

Azral stress distribution.

The solution technique has been developed and
programmed on a personal computer. The program
is user friendly such that the user need not be con-
cerned with the solution technique. Other than spec-
ifying the temperature as a polynomial, the user’s
only concerns are computing the stresses and plot-
ting the results of parameter studies for any mate-
rial and spherical shell geometries specified. The re-

Design variables
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M Boom

Frequency,

Hz Yy

2z
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Design cycle i

Frequency placement optimization study for
COFS II.
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An optimization procedure has been developed
which will systematically design a structure to have
closely spaced frequencies and minimum mass. The
procedure uses a general-purpose finite-element anal-
ysis program for the vibration and sensitivity anal-
yses and a general-purpose optimization program.
The optimization procedure has been applied to an
equivalent beam model of a candidate COFS 1I con-
figuration to obtain two pairs of closely spaced fre-
quencies while avoiding an excessive mass penalty.
Specifically, it is required to place the frequencies of
the two pairs of modes indicated in the figure within
1 percent. Six quantities are allowed to vary in or-
der to achieve the objective: the mast length L, the
boom length L9, the boom cross-sectional area A, the
two boom area moments of inertia Iy, and I, and
a concentrated mass M at the tip of the beam. As
shown in the figure, the first pair of frequencies are
closely spaced after four design cycles. The second
pair of frequencies require longer to become closely
spaced; however, after 16 cycles, both pairs of fre-
quencies have met the frequency-placement require-
ment.

(Joanne L. Walsh, 2887)

Shape Control of Large Space
Antenna Reflectors Based on
Electromagnetic Performance

A key issue in design and operation of large
space antenna reflectors is the precise shape control
of the reflector surface. The present work integrates
structural analysis, aperture integration electromag-
netic (EM) analysis, and constrained optimization
techniques such that shape control is driven by ex-
plicit measures of antenna performance rather than
by estimates of root mean square (rms) surface dis-
tortion error (the conventional approach).

The procedure has been applied to a tetra-
hedral truss antenna. The reflector surface shape
is controlled by 48 actuators, which can lengthen
or shorten individual truss members of the backup
structure. The best set of actuator inputs is the
set that meets performance goals while minimizing
the maximum change in the length of any element.
The performance goals are to reduce side lobe lev-
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els (SLL) (< —30 dB) while limiting peak gain loss
(loss <0.3 dB) and rms surface distortion error (rms
< A/50, where XA is the characteristic wavelength).
Side lobe level is the most critical factor in many
large space antenna applications (e.g., it controls the
remote-sensing accuracy for a radiometer, the track-
ing accuracy for a radar antenna, and the interference
between communications satellites).

The effectiveness of the present approach is
shown in the figure. Relative power levels (gain)
are plotted against an angle measured from the an-
tenna axis. The ideal antenna with no shape distor-
tion (as shown in part (a) of the figure) has a very
high main beam surrounded by low side lobes. In
actual antennas, manufacturing errors and thermal
expansion cause significant distortion of the reflec-
tor. The next two graphs (parts (b) and (c) of the
figure) compare expected power level patterns with
(gray) and without (white) shape control. Notice
that very little improvement is made in SLL by the
conventional approach of reducing rms surface dis-
tortion error. However, all side lobe levels meet or
exceed the —30 dB limit when shape control is driven
by explicit measures of EM performance. The new
approach is important because it guarantees accept-
able antenna performance using the least amount of
control effort possible.

(S. L. Padula, 2887)
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Integrated electromagnetic/shape control optimiza-
tion.
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Tapered Ends for Space Shuttle
Solid Rocket Booster/External
Tank Attachment Ring

Three struts attach the Space Shuttle external
tank (ET) to a partial ring structure on the aft end
of the solid rocket booster (SRB). The existing ring
design, which extends about 270° around the circum-
ference of the SRB case wall, provides insufficient
tapering of the cross section at the ring ends. Conse-
quently, shear failure has occurred in the bolts that
attach the ring to tangs on the SRB case walls in both
recovered flight boosters and ground test boosters.
A cooperative activity has been established between
Langley Research Center and Marshall Space Flight
Center to modify the design for the tapered partial
ring so that all margins of safety, as verified through
test and analysis, are positive.

A one-dimensional linear representation of the

| ring, tang bolts, and case wall has been developed

to efficiently calculate an initial taper profile for the

| ring area. Preliminary drawings were prepared for

| this design, and detailed finite-element analysis was

! conducted which led to modifications of the design.

} Numerous iterations on the ring area profile led to

a final design that exhibited all positive margins of
safety in bolt loads and ring web stresses.

Existing ripg SRB case vall Ring web
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Comparison of existing and redesigned SRB/ET
attachment ring.

The figure compares the geometry of the tapered
end of the existing ring (lower right) to the end of the
redesigned ring (upper right). The graph in the up-
per left compares the cross-sectional area profiles of
the two rings for the first 30 tang bolts. The area at
the end of the ring had to be significantly reduced
to prevent tang bolt failures. The effect of this area
reduction is seen in the lower left-hand plot, which
shows the tang bolt load distributions for both de-
signs during the worst-case flight loading condition.
Analysis of the existing design shows negative mar-
gins of safety on the first few bolts, which is consis-
tent with the failures that have occurred. Improved
area tapering in the redesigned ring leads to greatly
reduced end bolt loads and all positive margins of
safety. Thus, the redesigned ring shows substantial
improvement in performance over the existing design
and, as a result, is being further developed for flight
qualification testing.

(M. S. Lake, 2414)

Weight Efficient In-Line Bolted
Joint for Space Shuttle Solid
Rocket Motor Case Segments

An in-line bolted-joint concept, which can be
used to join Space Shuttle solid rocket motor (SRM)
case segments, has been designed at Langley Re-
search Center. The proposed concept (shown on the
left side of the figure) uses studs and nuts to hold
opposing flanges together and to seat the two poly-
meric O-rings. The studs are recessed into alcoves
machined into the shell wall, and bearing plates are
used to transfer the compressive loads from the nuts
into the flanges. Gussets, which are located between
the alcoves, provide a path to transfer the axial load
from the shell wall to the flanges. An advantage of
the in-line bolted design is that it uses a static face
seal between two precompressed flanges to eliminate
the reliability issue associated with using gas pres-
sure to seat the O-rings.

The objectives of the research were to evaluate
the joint structural performance as major design pa-
rameters were varied and to assure that the primary
design criteria were met. The primary requirement
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for the joint design was that the jcint must remain
closed in the vicinity of the O-rings durihg SRM fir-
ing so that the O-rings were never required to track
moving surfaces. Another objective was to improve
on an initial joint design that had excessive weight.

Finite-element models of the joint were con-
structed using three-dimensional solid elements, and
the contact problem between mating joint surfaces
was investigated using nonlinear contact elements.
Parametric studies were performed to assess the
changes in joint structural performance resulting
from changes in design variables.

A design for the in-line bolted joint concept has
been developed which meets the primary objective
of keeping the joint closed at the O-rings, while
maintaining acceptable stress levels and minimizing
weight. Parametric studies indicate that, in general,
weight is minimized by using the smallest stud size
practical (right side of figure); the smallest offset
between the stud centerline and shell wall centerline;
and the smallest practical values of flange and gusset
thickness. The design with 180 1-in. studs (shown in
the figure) has a weight penalty that is only 346 Ibf

(per joint) greater than the proposed capture tang
fix. The weight penalty is defined as the mass of
the joint minus the mass of an equivalent length of
straight booster shell.

(John T. Dorsey, 2892)

New Developments in Model
Parameter Determination
for System Identification

In developing aerospace structures for dynamic
operating environments, considerable effort is ex-
pended to determine the structures modal param-
eters, such as damping, natural frequencies, mode
shapes, and modal participation factors. Many meth-
ods have been developed and are currently in use;
however, Langley Research Center has combined
technology from both the controls and structural dy-
namics fields in an effort to unify the diverse field
of modal parameter identification. A common basis,

{_ ______ Alcove_‘
; Stud | 2000 -
{ A Nt :
| /F | 1500

7 ange | _
| N .

Y | Weight -
: /}///;% | penalty, 1000 Capture tang
| 0-rings —ANV/A Gusset g—Tang- clevis (511)
| ‘/§ | 500 |-
| V,' | .

! o

' Shell | 0 b ' 1 L |
: wall | 1 1.125 1.25
L - __N_ - Stud diameter, in.

Analytical model geometry

Weight penalty calculated for in-line bolted joint model.
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via system realization theory, has been developed to
explain and to select from a myriad of possible tech-
niques.
model realization from noise-free data, attributed
to Ho and Kalman (who introduced the important
principles of minimum realization theory), has been
recently modified and substantially extended to de-
velop the Eigensystem Realization Algorithm (ERA)
for identifying modal parameters from noisy mea-
surement data.

Several variations of the ERA method for modal
parameter identification, shown in the figure, have
been derived using a system realization theory.
Transfer functions are the basic elements for the
frequency-domain ERA, whereas the other methods
use the free-decay responses. The choice of methods
can be made largely on the basis of the final purpose
of the identification (such as mathematical model im-
provement or on-line control of flexible structures).

All methods have been shown to work well on
simulated and test data, and a number of different
important features exist for each method. The re-
lations between different techniques have been ex-
plained and well correlated using system realization
theory, thus providing a basis and insight for com-
parison and evaluation.

(Jer-Nan Juang, 2881)

The basic development of the state-space-

Application” | groe  IForced | Small Onine | Rapd High
Decay |R C 1 i Analysis | Accurac

Algorithm ecay esponse | Computer nalysi uracy
Original ERA X X X
Frequency domain X X X
ERA
Recursive ERA X X X
Data correlation X X X
ERA

*Assumes noisy data

Variations of ERA that apply in diverse modal
parameter identification situations.

Feasibility of Scaled Models
for Dynamic Tests of
Erectable Space Station

In ground tests to verify structural dynamic
analyses of very large spacecraft, such as the Space
Station, scaled models offer attractive possibilities for
reducing gravity effects in tests on large assemblies.
Langley Research Center, in a combined in-house and
contractual effort, has shown the feasibility of man-
ufacturing truss-type space structures of the class
expected to be used in an erectable Space Station.
Test data on composite tubes scaled by reducing
the number of fiber lay-ups showed excellent correla-
tion with full-scale tubes. Analytical studies at the
Massachusetts Institute of Technology and Carnegie-
Mellon University showed that joint behavior can be
replicated at subscale as long as manufacturing tol-
erances can be scaled.

L-86-10,501

Scaled erectable-space-truss joints used in test
program.

Tests at Langley Research Center on scaled
joints, which were manufactured by Star-Net Struc-
tures, Incorporated (as shown in the first figure) ver-
ified those findings. Studies by Lockheed Missiles
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and Space Company, AEC-Able Engineering Com-
pany, and Langley Research Center evaluated sev-
eral additional factors in scaling, including fabrica-
tion limits, fragility, and costs (as shown in the sec-
ond figure). The conclusion was that currently en-
visioned erectable Space Station structures can be
accurately and affordably scaled down to approxi-
mately 1/5 size.

(Paul E. McGowan, 3615)

Not
practical Practical
Scale
8r
6
4
21
Stiff Mass  Fab. Fidelity Fragil. Instr. Costs
Major factors in modeling

Assessment of scaling factors for Space Station
model.

Test Methodology for
Carbon-Carbon Composites

Carbon-carbon composites are attractive mate-
rials for thermal protection systems and hot struc-
tures on advanced space transportation systems be-
cause of their strength retention at high temperature
(above 2500°F). In conventional two-directional lay-
ups, however, strength in the thickness direction is
much lower than desirable and can be further de-
graded by application of oxidation protective coat-
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ings. It is therefore very important to be able to
accurately measure the interlaminar tensile strength
for design purposes and in order to delineate the ef-
fects of efforts to improve this property.

The experimentally observed failure stress is
plotted (as shown in the figure) versus the pull-
rod length-to-diameter (L /D) ratio for circular cross-
sectional specimens bonded to pull-rods made of ma-
terials having different elastic moduli. A minimum
L/D of about 1.3 is indicated for which specimens
can be tested without reducing the observed failure
stress due to pull-rod deflections. These data are gen-
erally supported by finite-element analyses that show
that stress concentrations are significant for lesser
L/D values. Of special interest is the fact that spec-
imens bonded to graphite pull-rods failed at about
30 percent lower stress than those bonded to metal
pull-rods. Graphite happens to be the material used
by a reputable testing laboratory for interlaminar
tensile testing of carbon-carbon.

PULL-RODS
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Measured interlaminar tensile stress versus length-
to-diameter ratio for steel, aluminum, and graphite
pull-rods.

Two types of graphite were evaluated in this
investigation. As shown in the figure, the results
were the same, even though one material is elasti-
cally isotropic while the other is not. A finite-element
analysis predicts conditions leading to the observed
behavior for anisotropic graphite; however, no plau-
sible explanation has been found to date for the sim-
ilar behavior observed for isotropic graphite. In lieu
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of sufficient data on the behavior of the graphites, a
recommendation is made that graphites not be used
as pull-rod material in interlaminar tensile testing of
carbon-carbon.

(P. O. Ransone, 4412)

Active Control of 3-D
Acoustic Environments

The need for additional low-frequency noise at-
tenuation in advanced turboprop aircraft has been
emphasized by recent flight testing on these pro-
totype systems. Although the design of turbo-
prop aircraft makes possible a 25- to 30-percent in-
crease in fuel efficiency, their exterior noise levels
have been measured to be significantly higher than
current-generation propeller aircraft. To attain ac-
ceptable cabin levels, sound transmission losses of 50
to 70 dB must be provided through the fuselage
sidewall. Conventional construction techniques must
be augmented with innovative techniques to pro-
vide enhanced sound isolation without an unaccept-
able weight penalty. One evolving technique is ac-
tive noise control in which additional interior noise
sources are used to provide control of the cabin acous-
tic environment.

In order to investigate the application of this
technology, a finite-length, thin-walled, elastic cylin-
der was used to model a fuselage. As shown in the
figure, exterior acoustic sources placed on opposite
sides of the cylinder forced the cylinder into vibra-
tion and produced an interior noise field. The noise
field due to these exterior sources is characterized
at two cross sections as the primary field in the top
portion of the figure. Sound pressure levels rang-
ing from 60 to 90 dB (see the figure key) were mea-
sured with maximum levels at the source plane and
somewhat reduced levels shown 0.75 radius forward.
The electrical inputs to four interior acoustic con-
trol sources were then optimized so as to minimize
the pressure measured over an interior array of mi-
crophones. The resulting controlled field is shown in
the lower portion of the figure where peak sound pres-
sure levels have been reduced by greater than 15 dB
in the source plane. Somewhat reduced attenuations
were measured out of the source plane, but, overall,

a much more uniformly quieted interior environment
results. Additionally, good agreement between these
measurements and an analytical model have been ob-
tained.

(Richard J. Silcox, 3561)
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fields at two azial positions.

Deployable and Foldable
Beam/Truss for Space Applications

A lightweight, deployable beam/truss for appli-
cation to space structures, such as antennas and
scientific instrument supports, has been developed
through a contract with the Astro Aerospace Cor-
poration. The triangular cross-sectional truss folds
to a compact package that is approximately 5 per-
cent of its deployed length and approximately the
same diameter as when deployed. The concept is not
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limited to ultimate length or diameter, except by de-
sign load and packaged-size considerations. The ini-
tial design is 20-m long, comprised of 18 truss bays,
and has 1.2-m triangular sides. The beam/truss is
made of graphite/epoxy tubes with machined tita-
nium joints to yield a very low coefficient of thermal
expansion. Precision manufacturing was employed to
produce joints that do not have significant free play.
Kinematic simplicity is maintained by using single-
axis hinges combined with structural members that
bend during the deployment and folding process.
(Marvin D. Rhodes, 3596)

L-86-11,557

18-bay beam truss model with two bays fully de-
ployed.
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Cornering and Wear Behavior of
Space Shuttle Orbiter Main Tire

Extensive testing has been completed at the re-
cently upgraded Aircraft Landing Dynamics Facility
to define and model the cornering characteristics of
the Space Shuttle orbiter main tires. In addition,
as a result of excessive tire wear produced by Space
Shuttle orbiter landings at the Kennedy Space Center
(KSC), tests have been conducted to determine the
wear mechanisms associated with rough-runway op-
eration in hopes of generating a mathematical model
for inclusion into astronaut training simulators.

Cornering data were generated by conducting
tests at speeds up to 220 kn for a variety of conditions
on the tire including yaw angles up to 10° and loads
up to 122,000 Ibf. These values cover the full range
of conditions expected during flight operations.

The first figure shows side force coeflicient,
which is a measurement of the cornering efficiency of
the tire, plotted as a function of yaw angle ¢ and the
load ratio R. A load ratio of 1 equals about 61,000 1bf
of vertical load on the tire. These data show that
cornering efficiency increases as yaw angle increases
but decreases as load is increased. The mathemati-
cal model shown plotted with the data was included
in Space Shuttle orbiter rollout simulation programs
and produces a realistic simulation of the handling
behavior of the Space Shuttle orbiter during landing.

The second figure shows the result of tests to
define the wear behavior of the tire on the extremely
rough KSC surface. The plot shows tire wear, mea-
sured in cord layers, to be a function of the side en-
ergy. (Side energy is defined as the work produced
laterally by the tire while rolling in a yawed attitude.)
Typical flight tires wear through one cord layer dur-
ing the spin-up process, hence the placement of the
curve for the standard tire wear progression. This
curve has also been installed on the Space Shuttle
orbiter rollout computers so that after a simulated
landing, pilots can receive feedback on how their pi-
loting techniques have affected tire wear. A modified
tire with a thicker tread that uses a different rubber
compound has been tested to try to reduce the total
wear likely to be experienced during crosswind land-
ings. The curve for this tire is also shown. Since the
cord layers of the tire are what dictate its strength,
both wear curves are adjusted so that the first cord
layers of each tire are coincident. Due to an interest
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in the much-improved wear behavior of this tire, an
investigation of possible flight qualification has be-
gun.

(Robert H. Daugherty, 2796)

Experiment
Model

Side force
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Yaw angle and load ratio

Bi-cubic curve fit with experimental data showing
side force coefficient, or cornering efficiency, as
function of both yaw angle and load ratio.
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Improved Performance of
Titanium-Aluminides by Use
of Thermal Control Coatings

The use of titanium-aluminide intermetallic al-
loys and composites will result in minimum struc-
tural weights of the National Aero-Space Plane
(NASP) structures. Protective coatings that shield
the materials from oxidation and have a low catalytic
efficiency and a high emittance, however, can signifi-
cantly extend the applicability of these materials by
reducing the heating rate to the surfaces in hyper-
sonic flight environments and by radiating a signifi-
cant portion of the heat flux away from the surface.

Coatings are prepared using sputtering, phys-
ical vapor deposition, chemical vapor deposition,
pack cementation, and slurry processes. Materials
used in the coating process are selected on the ba-
sis of their potential to reduce the catalysis and
increase the emittance of the surface and to pro-
vide oxidation protection of the substate material.
Coated specimens are screened for performance by
simulated-hypersonic-flight testing in the Hypersonic
Materials Environmental Test System (HYMETS).
The figure shows results for Ti-14A1-19Nb-8Mo with
three different coatings before and after simulated-
hypersonic-flight testing for 1 hr at 1800°F. All three
coatings reduced catalytic heating by 30 percent and
increased the emittance to a favorable level (> 0.8).
(R. K. Clark, 4557)

Ti-14AI-19Nb-8Mo DBefore 7 After
reentry reentry
t v test

1.0 150

Total 100
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Emqttance/catalysis coatings improve performance
of titantum-aluminide.
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The function of the Systems Engineering and
Operations Directorate is to support ongoing aero-
nautical and space research at Langley Research Cen-
ter. This work force is divided into five divisions
with specific support functions. The Systems En-
gineering Division is responsible for structural, me-
chanical, electrical, and aeronautical systems engi-
neering functions required to provide research mod-
els and flight hardware for aerospace research appli-
cations and technology. The Facilities Engineering
Division is responsible for engineering and design of
aerospace research and development equipment and
institutional facilities for aeronautical and space re-
search, such as special handling equipment, model
supports, and special test equipment. The Fabrica-
tion Division is responsible for developing and fabri-
cating aeronautical and aerospace research hardware
related to ground support equipment as well as re-
search facilities test equipment. This division pro-
vides developmental manufacturing, technology and
electronics technical support, including cemmunica-
tions systems and instrumental hardware. The Op-
erations Support Division is responsible for provid-
ing the technical, mechanical, electrical, and main-
tenance services for research and institutional facil-
ities. This division operates laboratory equipment
and wind tunnels and collects, records, and interprets
test data. The Systems Safety, Quality, and Relia-
bility Division has overall responsibility to insure the
safety of operation of all aerospace and ground facil-
ities as well as to insure that the aerospace hardware
and ground research equipment meet all quality and
reliability standards. This division also manages the
enviromental health program for the Center and in-
spects the construction of major modifications to the
many unique research facilities. In addition to the
five divisions, the Facilities Program Development
Office is responsible to the directorate.

Because of the unique requirements of some of
the aerospace research performed at the Center, both
engineers and technicians are involved in applied re-
search in solving engineering and fabrication prob-
lems. These problems relate to the support hardware
and software necessary to provide the experimental
systems requested by research. The following con-
tributions represent typical engineering and fabrica-
tion research and technology development highlights
in the Systems Engineering and Operations Direc-
torate.

Coupled Bending-Torsion
Steady-State Response of Pretwisted
Nonuniform Rotating Beams
Using Transfer-Matrix Method

Numerous wind tunnels at Langley Research
Center are driven by rotating propeller or fan blade
systems, and nearly all of these tunnels have been
in operation for several years. In order to insure
safe and continued operation, fan blades require a
thorough evaluation of the steady-state response un-
der operating conditions. To determine this rotat-
ing blade steady-state response, effective and efficient
analysis techniques are required which consider the
unique features common to rotating systems.

An important consideration in the structural
analysis of a rotating beam is the effect of the cou-
pling between the centrifugal force and the elastic
stiffness (deflections) of the beam. This effect pro-
vides a stiffer structural member in both the beam-
wise and chordwise directions. To solve this problem
and to take advantage of the centrifugal-stiffening ef-
fect are difficult considerations due to the necessity
of having to know the deformed state of the beam in
order to apply the steady-state centrifugal loads.

Using the Newtonian method, the equations of
motion are developed for the coupled bending-torsion
steady-state response of beams rotating at constant
angular velocity in a fixed plane. The resulting equa-
tions are valid to first-order strain-displacement re-
lationships for a long beam with all other nonlinear
terms retained. In addition, the equations are valid
for beams with the mass centroidal axis offset (ec-
centric) from the elastic axis, nonuniform mass and
section properties, and variable twist. The solution
of these coupled, nonlinear, nonhomogeneous, differ-
ential equations is obtained by modifying a Hunter
linear second-order transfer-matrix solution proce-
dure to solve the nonlinear differential equations and
by programming the solution for a desktop personal
computer. The modified transfer-matrix method
was verified by comparing the solution for a rotat-
ing beam with a geometric, nonlinear, finite-element
computer code solution. For a simple rotating beam
problem, the modified method demonstrated a sig-
nificant advantage over the finite-element solution in
accuracy, ease of solution, and actual computer pro-
cessing time required to effect a solution.

(Carl E. Gray, Jr., 4508)
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Langley 7- by 10-Foot High-Speed Wind Tunnel fan
blade.

Foam Fiberglass Used for
Radio-Controlled Spin Model

Langley Research Center has used dynamically
scaled, radio-controlled free-flight models for studies
in the stall departure and spin characteristics of civil-
ian general-aviation aircraft. The traditional meth-
ods for fabrication of these models require a great
deal of time and manpower to make templates, pat-
terns, and molds before any part of the model is
actually constructed. The model components are
then manufactured using complicated vacuum mold-
ing procedures from conventional materials such as
fiberglass, balsa, and hardwood. The components
are then assembled by hand.

Numerical control milling technology has been
used to fabricate a dynamically scaled, free-flight
radio-controlled spin research model. The model was
constructed of closed-cell polyurethane foam covered
with one to three layers of lightweight fiberglass and
epoxy resin. The wing was machined in one piece
and includes a lightweight I-beam spruce spar. The
fuselage was machined in halves and was cored out
to remove excess weight and to provide room for the
radio control system and the research instrumenta-
tion. A firewall of aircraft plywood provided a sta-
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ble mount for the single-cylinder, two-cycle engine
and the forward landing gear strut. The horizon-
tal and vertical stabilizers have been machined from
lightweight balsa.

A time savings was realized by not having to
make the templates, patterns, and molds of the
more traditional procedure. Additionally, model
symmetry is easier to maintain with this procedure
than with more traditional fabrication methods.
(William C. Conkling, 2651)

Radiographic Technique
for Wooden Structures

A number of wind tunnels at Langley Research
Center use fan blades made wholly or partly of lami-
nated Sitka spruce (Picea sitchensis). The traditional
method for inspecting these components has been a
superficial visual review. This technique can locate
surface defects but cannot detect in-depth flaws in
the blades. Historically, the radiography of wooden
structures has been hampered by the basic inho-
mogeneity of the material. Local discrete density
changes in growth bands selectively attenuate pen-
etrating radiation and cause corresponding density
variations on the radiographic film image. These lo-
cal density changes can best be described as a “ze-
bra effect,” and their presence makes interpretation
of the radiographic image very difficult. In addition,
these base material images tend to mask the presence
of other latent defects such as cracks and delamina-
tions.

A technique has been developed at Langley Re-
search Center which has been employed to success-
fully .enhance the image of latent wooden struc-
ture defects. This technique uses a commercial
industrial cleaning solvent, Trichlorotrifiuoroethane
(CCIoFCCIFy3), as a radiopaque penetrant. This sol-
vent has a fairly high molecular weight and relatively
safe toxicity threshold, especially when compared to
more conventional radiopaque materials. The tech-
nique entails the radiography of the wooden parts
before and after injection of the penetrant into sur-
face cracks or delaminations. When the before and
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after radiographs are reviewed simultaneously, latent
internal defects are more readily discerned.

This technique has been successfully used on fan
blades from the 16-Foot Transonic Tunnel.
(M. L. Berry and R. F. Berry, Jr., 2781)

Pultrusion Process Development for
Fabrication of High-Performance
Thermoplastic/Graphite Composites

Pultrusion research and development in fabrica-
tion technology for advanced composite materials is
being conducted at the Langley Research Center Pul-
trusion Laboratory. Processes have been developed
for pultruding two high-performance thermoplastic
polymers, polyetherimide (PEI) and polyetherether-
ketone (PEEK). In these processes, continuous high-
modulus graphite fiber is used as reinforcement. The
PEI process includes in-line fiber impregnation. The
PEEK process is designed for using multiple plies of
commercially available solventless, preimpregnated
materials. In both processes, consolidation of mul-
tiple plies, compaction, and polymerization is con-
ducted in a continuous operation.

The development of pultrusion processing tech-
niques for these high-temperature, high-strength
thermoplastics is important to the aerospace com-
munity. The pultrusion process has the potential for
manufacturing very long continuous lengths of struc-
tural profiles such as hat-sections, I-beams, channels,
tubing, and many other shapes. The thermoplastic
matrix materials can be postfabricated into various
shapes and joined by welding in a manner similar
to the postfabrication methods used with metal al-
loy sheet stock material. The solventless preimpreg-
nated thermoplastic stock can be coiled on spools
that will reduce storage volume and greatly increase
packing density. Postfabrication of this type of mate-
rial would not produce toxic fumes. Such character-
istics would be advantageous for on-orbit manufac-
turing of large space structures, e.g., large antennas,
long tethers, and space platforms.

(M. L. Wilson, 4615)

1.-87-06208

Pultrusion fabrication of high-performance thermo-
plastic matriz composites.

Plume Dispersion of Exhaust
From Cryogenic Wind Tunnel

As a result of concern for inadequate oxygen lev-
els and fogging of roadways, an analytical model has
been developed to predict the behavior of the plume
that exhausts from the National Transonic Facility,
a major cryogenic wind tunnel at Langley Research
Center. The model consists of two stages. The first
stage or ascent stage is analytically resolved by as-
suming a Gaussian distribution of the plume thermo-
dynamic properties in the radial direction and nu-
merically integrating the momentum and diffusion
equations; the second stage describes the descent of
the plume and is resolved by describing the crosswind
displacements by vorticity and numerically integrat-
ing in the crosswind and downwind directions. Tem-
perature, visibility, oxygen concentration, and flow
characteristics of the plume have been calculated for
distance downwind of the stack exhaust. Predictions
have been compared with several photographic ob-
servations.

The model predicted the centerline trajectory of
the plume fairly accurately, but underpredicted the
extent of fogging. The model predicted descent of
the plume, but at a lesser rate of change than ob-
served. Second-stage diffusion terms in the model
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were decreased in order to bring the predicted fog
and descent data into better agreement with the ob-
served data. The observed plume widths in the sec-
ond stage spread in a vertical direction similar to that
of a Gaussian plume. The model was used to predict
dispersion characteristics of the National Transonic
Facility exhaust over its operational envelope. Pre-
dictions indicate that oxygen levels are adequate and
that some excessive fogging exists at high humidities.
The results of this work are documented in NASA
Technical Memorandum 89148, 1987.

(W. S. Lassiter, 4508)

Predicted centerline

1-84-869
Vent stack plume for nitrogen mass flow of 458 lb/s
and relative humaidity of 94 percent.

FAVOR Model Carry-Through
Fixture Test and Analysis Results

In order to evaluate the strength and stiffness
of the FAVOR (Facility Aerodynamic Validation of
Operations Research) F-111 model’s carry-through
structure, a detailed three-dimensional finite-element
model of the most current configuration geometry
was developed using the Patran-G modeling code.
Stresses and deflections were then computed for sev-
eral load cases and configurations using the Engi-
neering Analysis Language (EAL) program. The
finite-element model of the carry-through structure
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solved a complex, preloaded, lapped joint problem
that heretofore has defied solution by either closed-
form or finite-element methods. The solution strat-
egy was to iterate the contact forces and deflections
until a compatible set of constraints was achieved at
all mating interfaces.

e

Finite-element model of wing carry-through struc-
ture for FAVOR model.

Wing Carry-through
Structure

Wing carry-through structure for FAVOR model.

The testing of the carry-through fixture vali-
dated the finite-element model. Although the model
does tend to underpredict the stress at four strain-
gauge locations, this underprediction is a result of the
gauges being located in cutout regions and reading
stress concentration effects. For the most part, in re-
gions where the discontinuities are far removed from
the gauges, there is excellent -agreement between the-
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measured and calculated stresses. The demonstrated
successful modeling and validation of the preloaded
joint resulted in a design that met stringent require-
ments for testing in the National Transonic Facility.
The success of this solution strategy demonstrated
the capability for analyzing preloaded lapped joints,
and the method can be used for analyzing other
structures with similar joint connections.
(Clarence P. Young, Jr., 4508)

Numerical Model of Unsteady,
Subsonic Aeroelastic Behavior

A method for predicting unsteady, subsonic
aeroelastic responses has been jointly developed by
Virginia Polytechnic Institute and State Univer-
sity and Langley Research Center. The technique
accounts for aerodynamic nonlinearities associated
with angles of attack, vortex-dominated flow, static
deformations, and unsteady behavior. The angle
of attack is limited only by the occurrence of stall
or vortex bursting near the wing. The fluid and
the wing together are treated as a single dynam-
ical system, and the equations of motion for the
structure and flow field are integrated simultaneously
and interactively in the time domain. The method

L-86-5197

View of wing and wake vortez sheets.

employs an iterative scheme based on a predictor-
corrector technique. The aerodynamic loads are
computed by the general Unsteady Vortex-Lattice
Method (UVLM) and are determined simultaneously
with the motion of the wing. The figure shows the
flow field predicted by the UVLM. The wing tip vor-
tex systems are fully developed. Because the un-
steady vortex-lattice method predicts the wake as a
part of the solution, the history of the motion is taken
into account; hysteresis is predicted.

Two aeroelastic models are used to demonstrate
the technique; these models are a rigid wing on an
elastic support experiencing plunge and pitch about
the elastic axis, and an elastic wing rigidly supported
at the root chord experiencing spanwise bending and
twisting. The method can readily account for struc-
tural nonlinearities and other methods of computing
the aerodynamic loads. The time domain solution
coupled with the UVLM provides the capability of
graphically depicting wing and wake motion.
(Thomas W. Strganac, 4508)

Use of Advanced Composites
in Research Aircraft Models

With the introduction of highly loaded, high-
speed general-aviation aircraft, new challenges have
risen in the fabrication of radio-controlled (R/C) re-
search models. The higher structural loading and the
demand for weight conservation during fabrication
have limited the use of conventional construction ma-
terials typically used in research models. The most
recent example of this problem occurred in the con-
struction of an R/C model of the Swearingen SX300.
It was discovered that due to high wing loading and
landing abuse it would be necessary to use lighter,
higher strength components, particularly in the wing
and landing gear.

The typical construction materials of this air-
craft would normally be spruce, fiberglass, plywood,
balsa, and aluminum; however, because of structural
demands, the wing spar was fabricated from lami-
nated graphite/epoxy bonded to a spruce web. The
graphite laminates and the spruce grain were ori-
ented in order to dampen the torsional and bending
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moments. The entire main landing gear was made
from graphite/epoxy with discriminating ply orien-
tation and titanium inserts for wheel-mounting ac-
commodations.

This project was the first opportunity at Langley
Research Center to fabricate and use advanced com-
posites in the primary structure of an R/C model,
and it will probably be a test bed of information for
future research model construction.

(Tom Vranas, 2651)

Full-scale Swearingen SX300.

Rotary Actuator for COFS Mini-Mast

The Control of Flexible Structures (COFS)
project required rotary actuators as part of the
ground testing of the Mini-Mast structure (a deploy-
able, statically determinate, triangular truss-beam).
The actuators were specified to have a torque output
of 50 ft-lb while having minimum weight and occu-
pying minimum space. The decision was made to
build the actuators in-house because a commercial
unit was not available to meet the specifications. A
50-ft-1b, frameless, torque motor was purchased from
Magnetic Technology Division, Vernitron Corp., of
Canoga Park, California, to drive the flywheel por-
tion of the actuator. To minimize the weight, the
housing and shaft were made of aluminum, but to
reach the desired inertia, the flywheel was made of
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steel. The flywheel was fabricated with the majority
of the weight at the outer perimeter by machining the
interior thinner than the outer circumference and by
adding holes to lighten the flywheel.

The first completed actuator weighed approxi-
mately 85 b with an inertia of about 0.7 ft-lb/s2,
which was a considerable improvement over any com-
mercially available unit. This actuator is presently
being tested to verify the design torque and inertia.
The actuators are driven by a PMI Motion Tech-
nologies pulse-width-modulated servo amplifier and
power supply (Model AXA-90-10-20). This unit pro-
vides the current to drive the actuator in the forward
and reverse directions.

(Virgil S. Laney, 4621)

Pitot-Static/Flow
Direction Survey Probes

Some of the problems associated with wind tun-
nel testing involve the gathering of test data with-
out producing erroneous information as a result of
test equipment interference in the test stream. Lang-
ley Research Center has fabricated a micro-size sur-
vey probe capable of measuring pitot pressure (both
static and dynamic flow) with minimal or no er-
ror because of the sensing equipment. Technicians
at the Langley Research Center Foundry have de-
veloped a pressure-casting technique to encapsulate
probe tubes and secure sensing instrumentation in
one aerodynamic, high-strength package without de-
stroying the delicate sensing instruments. This cast-
ing technique provided an inexpensive way of secur-
ing the instrumentation package while providing an
aerodynamic, high-strength pylon survey probe cast
of ZA-12 aluminum zinc alloy.

The results of this technique have been very
successful. The micro-probe is being used in the 20-
Inch Mach 6 facility. Seven instruments have been
constructed using the same molds and techniques at
a significant savings in time and machine costs. The
near-surface survey probe is depicted by a circle on
the photograph, which shows a typical wind tunnel
test in the 20-Inch Mach 6 facility.

(P. Vasquez and J. Eves, 2651)
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L-87-7629

Near-surface probe (circled) being used under test
conditions in 20-Inch Mach 6 facility.

Concept for Solid Rocket
Booster In-Line Bolted Joint

The Space Shuttle solid rocket booster (SRB)
motor case sections are joined by a tang-and-clevis
joint held together with 177 radial steel pins (see also
p. 105). After being machined to close tolerances and
fitted, the sections are assembled at the factory into
four segments. These four segments are then cast
with propellant and shipped to the John F. Kennedy
Space Center for assembly. The joints assembled at
the factory are called factory joints, and the joints
between the four propellant cases are called field
joints. The in-line joint is an alternate to the tang-
and-clevis concept and is being studied for possible
use.

The SRB joint concept (as shown in the figure),
which has been developed by Langley Research Cen-
ter, is a face-sealed in-line bolted joint. This con-
cept was chosen because face seals are much less
prone to leakage in a dynamic environment than the
gland seals used in the existing design on the Space
Transportation System (STS). The joint geometry
minimizes the forces and moments that tend to re-
duce seal effectiveness. Integral flanges are stiffened
by gussets located between 144 preloaded 1.25-in.-

diameter fasteners. The seal configuration consists of
a Viton elastomer O-ring and an Inconel 718 metallic
C-ring.

External thermal protection is provided by bond-
ing a cork fairing over the in-line joint and part of the
SRB cylindrical surface. A smooth bonding surface
is formed by filling the void between the gussets with
foam. Rigid molded phenolic-silica rings compressing
a soft nitrile N rubber (NBR) elastomer seal (to fill
manufacturing voids) protect the SRB case and face
seals from internal heating. Thermal analysis results
indicate that this concept will perform satisfactorily
even if 50 percent of the rings are burned away and
local gap openings to the steel case form. A fea-
ture of the rigid-ring concept is that the gap formed
between the rings and soft seal, when exposed to a
temperature drop, will be extremely small when com-
pared to the current design. The rings will remain
bonded during horizontal testing and allow for pro-
pellant venting.

(D. H. Butler, 4571)

Foam
Filled
Pockets

1-86-6206
SRB in-line bolted joint.

Alternate Design of Partial
Solid Rocket Booster External
Tank Attachment Ring for
Space Transportation System

A full 360° ring to attach the SRB to the exter-
nal tank is planned for the next STS flight, instead
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of the 270° partial ring used in the past. A pay-
load weight penalty is associated with the full ring
because of increased structural weight and aerody-
namic drag. Langley Research Center has designed
a partial external tank attachment (ETA) ring with
tapered ends which is being considered for use after
the first STS reflight. The Langley Research Center
ring will recover the lost payload weight.

The most significant change is to taper the webs
and caps at each end of the ring to more evenly dis-
tribute the web-to-tang fastener loads and to fab-
ricate the cap as an integral unit. The pockets be-
tween the first seven bolt holes are covered with a
shear web. A 2024-T8 aluminum replaceable bush-
ing anodized and coated with a polysulfide sealant is
located in the first bolt hole to reduce the effective
stiffness of the first bolt preventing excessive load-
ing. The transition tunnel was also redesigned using
more tunnel sections and incorporating elastomeric
expansion joints to prevent excessive loading.

The tapered web design was analyzed exten-
sively at Langley Research Center and Marshall
Space Flight Center (MSFC). Langley Research Cen-
ter performed linear and nonlinear finite-element
and closed-form analyses of the ring ends, devel-
oped a ring area tapering analysis technique, and
performed inelastic and fracture analyses. Marshall
Space Flight Center performed the verification anal-
ysis with a large NASTRAN model.

Beneficial features of the partial SRB/ETA ring
concept compared to the full-ring concept include
easier installation on the vehicle, retention of the
existing vehicle dynamic properties, web stresses that
are insensitive to bolt stiffness, and capability of
carrying limit load with several failed fasteners.

(D. H. Butler, 4571)

Low-Weight, High-Stiffness,
Thermally Stable Equipment for
High-Precision Optical Measurements

The LIDAR (laser-radar) Atmospheric Sensing
Experiment (LASE) will make high-altitude mea-
surements of atmospheric gases using highly sensi-
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tive optical instruments. The experiment will fly on
the ER-2 aircraft and will be subject to an environ-
ment that is undesirable for precision optics. Weight
limitations of the ER-2 aircraft dictate a lightweight
design, whereas precise spacing and angular align-
ment requirements under in-flight mechanical and
thermal loads necessitate the use of a high-stiffness,
low-thermal-expansion material. A design has been
developed for the equipment mounting deck and tele-
scope barrel using lightweight graphite/epoxy lami-
nates tailored to achieve high stiffness and near-zero
coefficient of thermal expansion in directions of crit-
ical alignment. Test results on the graphite/epoxy
laminates validated analytical predictions for both
stiffness and thermal expansions.

A detailed finite-element model of the LASE
equipment has been developed and analyzed for a
variety of mechanical, thermal, and vibration loads.
The analysis predicts that the deformations are mini-
mal under all in-flight loads and that all critical align-
ment requirements are met.

(Michael C. Lindell, 4508)

LASE equipment mounting deck, receiver/telescope,
and wavemeter.
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Technology Utilization Program

One of NASA’s Congressionally mandated
responsibilities is to promote economic and produc-
tivity benefits to the nation by facilitating the trans-
fer of aerospace-generated technology to the public
domain. NASA’s means of meeting this objective is
its Technology Utilization Program, which provides a
link between the developers of aerospace technology
and those in either the public or private sectors who
might be able to employ the technology productively.

One important facet of NASA’s Technology
Utilization Program is its applications engineering
projects, which involve the use of NASA expertise
to redesign and/or re-engineer existing aerospace
technology to solve problems encountered by fed-
eral agencies or other public sector institutions. Ap-
plications engineering projects originate in various
ways. Some projects stem from requests for NASA
assistance from other government agencies and some
are generated by NASA engineers or scientists who
perceive possible solutions to public-sector problems
through the adaptation of NASA technology. In
addition, NASA employs a multidisciplinary applica-
tions team that contacts public-sector agencies, med-
ical and public-health institutions, and professional
organizations to uncover significant problems in fields
such as health care, public safety, transportation,
and industrial processes which might be amenable
to solution by the application of NASA technology.
The projects reported on here are typical of the ap-
plications engineering efforts conducted at Langley
Research Center in support of the Technology Uti-
lization Program.

Stress in Railcar Wheels

A collaborative interagency project between
Langley Research Center and the Federal Railroad
Administration (FRA) has resulted in the develop-
ment of a prototype measurement system for charac-
terizing the magnetoacoustic interaction in stressed
railcar wheels. This system will enable the stress
state of wheels to be determined nondestructively
and thus will further the cause of preventing costly
in-service railcar wheel failures. The photograph de-
picts the test system in use on railcar wheels.

This effort has capitalized on Langley Research
Center’s extensive research, conducted over the past
several years, which has been directed toward mea-
suring residual stress in steels using the low-field
magnetoacoustic technique. In this technique, the
magnetic domain structure in the steel is interrogated
with an ultrasonic wave. As the magnetic domain
structure is altered by internal stress, the resulting
measurement identifies the internal stress state in
the steel; this identification indicates the presence of
dangerous tensile loads that could precipitate wheel
failure.

The system takes advantage of Langley Research
Center’s patented pulsed-phase-locked loop (P?L?)
to resolve small changes in acoustic phase velocity
which occur during magnetization. The prototype
has been delivered to the Association of American
Railroads Laboratory in Chicago. In its first practi-
cal test, the prototype correctly singled out a tensile
wheel that subsequently failed under test.

(Min Namkung, 3036)

Restdual stress field testing unit.

Burn Depth Measurement System

Radically different medical treatments of a burn
injury exist, depending upon whether the burn
wound is a second-degree (dermal and deep dermal)
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or a third-degree (full-thickness) wound. Presently,
the assessment of the severity of a burn wound is
estimated by visual inspection; however, it is often
quite difficult, even for the experienced burn sur-
geon, to distinguish between deep dermal and full-
thickness burns. This applications project addressed
the need for a noninvasive, quantitative measurement
technique to assist the burn surgeon in determining
burn wound depth.

By combining theory with experiment, a tech-
nique has been developed to measure skin burn
depth. Starting with an in vivo ultrasonics-based
study of burn wounds in porcine skin, a theory of
skin burn necrosis has been developed. Based on
the porcine skin data, it has been determined that
ultrasonic reflections occur at the interface between
necrotic and viable skin. These reflections are caused
by changes in the structure of collagen, a major com-
ponent of skin. Because skin is very thin (typi-
cally 1 mm), the frequency response of the ultra-

L-87-6198

Ultrasonic burn depth analyzer.
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sonic equipment must be substantially higher than
that which is usually available on medical ultrasound
instruments (up to 60 MHz); in addition, highly re-
fined time-gain compensation and discrimination cir-
cuits are required.

The instrument shown in the photo is a Langley
Research Center-developed unit that has been opti-
mized for use in measuring skin burn depth. A spe-
cially manufactured high-frequency ultrasonic trans-
ducer is used with a high-frequency A-scan unit into
which specially designed signal processing circuits are
placed. This instrument is currently being evaluated
in a clinical setting at the Medical College of Vir-
ginia (MCV). This evaluation is being directed by
Dr. B. W. Haynes and his associates at MCV’s Burn
Center.

The initial results, although preliminary, are
promising. To date the instrument has been used in
the measurement of burn wound depths to ascertain
the severity of the injury for victims of flame burns,
scald burns, and chemical burns. The assessment
of the severity of skin-burn wounds based on this
technique has been correct in all cases attempted.
(John H. Cantrell and William T. Yost, 3036)

Dialysis Chamber

Medical researchers at the Veterans Adminis-
tration (VA) Medical Center, Hampton, Virginia,
are investigating the permeability of parietal peri-
toneum (the lining of the intestinal cavity) to nutri-
ents in a unique in vitro setting. This research will
evaluate the efficacy of total peritoneal nutrition via
the transperitoneal route for patients without renal
failure.

To compare the permeability of artificial mem-
branes with peritoneal membranes under controlled
clinical conditions, a dialysis chamber was needed.
The chamber design had to accommodate precise
in vitro measurement of the migration of aqueous-
aqueous or blood-aqueous phases simultaneously
across different membranes. For design and fabri-
cation of the dialysis chamber, the VA researchers
requested support via NASA’s Technology Ultiliza-
tion Program.
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After assessing the project’s requirements, an
octagonal chamber with eight smaller chambers at-
tached by spring-loaded clips and sealed by O-rings
was designed and fabricated at Langley Research
Center. The chamber, shown in the photograph, is
simple, interchangeable, and time controllable, and
it greatly enhances the research capability of the VA
project.

(Bruce D. Little, 3141)

L-87-3033

Nutrient migration chamber.
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