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PREFACE

The High-Speed Research Program sponsored the NASA High-Speed Research Program
Aerodynamic Performance Review on February 8-12, 1999 in Anaheim, California. The review
was designed to bring together NASA and industry High-Speed Civil Transport (HSCT)
Aerodynamic Performance technology development participants in areas of: Configuration
Aerodynamics (transonic and supersonic cruise drag prediction and minimization) and High-Lift.
The review objectives were to: (1) report the progress and status of HSCT aerodynamic
performance technology development; (2) disseminate this technology within the appropriate
technical communities; and (3) promote synergy among the scientist and engineers working HSCT
aerodynamics. The HSR AP Technical Review was held simultaneously with the annual review of
the following airframe technology areas: Materials and Structures, Environmental Impact, Flight
Deck, and Technology Integration. Thus, a fourth objective of the Review was to promote synergy
between the Aerodynamic Performance technology area and the other technology areas within the
airframe element of the HSR Program.

The work performed in the Configuration Aerodynamics (CA) element of the High-Speed
Research Program during 1998 was presented in the following sessions:

Propulsion Integration
Analysis Methods
Design Optimization
Testing

The work performed in the High Lift (HL) element of the High-Speed Research Program during
1998 was presented in the following sessions:

High-Lift Configuration Development
Tools and Methods Development

The proceedings for the Aerodynamic Performance Annual Review are published in three
volumes:

Volume I, Parts 1 and 2 Configuration Aerodynamics
Volume IT, Parts 1 and 2 High Lift

AP Review Chairperson; David Hahne
NASA Langley Research Center
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5% TCA Model in 12-ft Tunnel
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HSCT High Lift Aerodynamics

Wind Tunnel Test of a 5% HSCT TCA Model in the
NASA Ames 12-ft Pressure Tunnel ) ,
. (Stability & Control Summary) . - = /fp >

TCA-3 W
F2p0

Paul T. Glessner
Paul Kubiatko

Airframe Systems Review
February 9, 1999

O soesmnve

This presentation highlights the stability and control findings of the third entry
of the 5% HSCT TCA scale model. TCA-3 was performed at NASA Ames’
12’ pressurized wind tunnel.
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Goals Demonstrate Greatly Increased L/D Relative to
SST Technology (Suction Parameter > 92%)
! ]
Objectives | Define Preferred Technology Analysis/Design
High Lift System Readinesls Level 5+ Methodology
1 1 1
Challenges Aggressive Validation Planform, Viscous, Scale,
Tech Projection  (Little Data)  Ground, Power, Canard Effects
1 1 1
1 I I
Approaches Concept Test Programs Analytical
Development and Techniques Methods
| I |
| {Boundary Layer HTechnology Projection |
Control
Program Flaps | {arge Scale Testing] | Lonear Methods

-|Powered Testin§ |

lAttached F
- [Programmed Flaps|

-Dynamic GE Testing]

._l Non-linear Methods]

—{ Navier-Stokes Methods |

Pressure & Temp.

Sensitive Paints

O moeno

This slide shows an outline of the High-Lift Technology program.
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Qutline

* Test Objectives
* Test/ Configuration Description

¢ Test Results:

— Plain Flaps
* Repeatability
* Comparison to 14x22
* Reynolds number effects

— Increased Camber LE Flaps
— Drooped LE Flaps
— Sealed LE Flaps

* Part-span / Full-span

* Summary

O soemwe

The test objectives, test/configuration description, test results and summary
are included in this presentation. The TCA-3 Final Test Summary document
for contractual deliverable Subtask 4.3.2.1 of Task 33 has other plots that
are not presented here. The more significant stability and control plots are
presented here. This presentation is a shortened version of the document
mentioned above.
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TCA-3 Stability & Control Test Objectives

« Determine the effects on longitudinal and
lateral-directional S&C characteristics of
several High Lift leading-edge flap geometry
variations.

And

« Determine the Reynolds number effects on
the S&C characteristics of those leading-edge
flap geometry variations.

O moemwe

The test objectives of the Ames 12’ (TCA-3) test were to: 1) determine the
effect of geometric variations of the inboard leading edge flap on high-lift (HL)
performance and stability & control (S&C) characteristics, 2) determine Re
effects on the Technology Concept Airplane (TCA) configuration for optimum
performance at takeoff (TO), climbout (CO), approach (AP), and landing
(LDG) conditions, 3) obtain flow-visualization (flo-viz) data on the upper
surface of the wing for comparison to computational fluid dynamic (CFD)
results, 4) obtain video deformation and pressure sensitive paint (PSP) data.
Additionally, data obtained at low Reynolds number could be compared to
data obtained on similar configurations in the NASA LaRC 14’ x 22’ (LaRC
449) to evaluate model installation effects and data correction trends
between the two facilities.
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TCA-3 S&C Test Details

* Tested 22 January - 23 February 1998
* 464 runs in 360 hours ( 1.30 runs/ hour )
* Mach number = 0.24
* Reynolds number range:
= 1.50 - 7.75 million/ft
— 7.13 - 36.8 million
* Pressurerange: 1.0to0 4.7 atmospheres
* Dynamic pressure range: 85 TO 386 Ib/ft?
* Pitch polars at B = 0 and +4 degrees
* Yaw polars at o = 20 degrees
* Supported by Boeing ( Long beach and Seattle),
LMAS, ARC and LaRC

O soemve

The TCA-3 test was performed at NASA Ames’ 12’ pressurized tunnel from
January 28" to February 239, 1998. The average run rate with two, ten-hour
shifts, including model changes was 1.14 runs per hour.

The 12’ wind tunnel at NASA Ames is a closed circuit, single return, variable
density, closed throat, wind tunnel with exceptionally low turbulence. The
desired Mach, Re, and total temperature (Tt) were set in the tunnel and total
pressure (Pt) was calculated from the other three. This was true for all Re
numbers except the lowest one. The lowest Re number is obtained with the
tunnel at atmospheric Pt. The model was supported by the dual-strut
turntable mechanism typically used for high-lift testing in this facility. This
dual-strut support (bi-pod) differs from the dual strut support used at NASA
LaRC. Additional tunnel specifications and pictures can be obtained from
NASA ARC’s World Wide Web-site located at
“http://aocentral.arc.nasa.gov’”.

The tunnel had both the Balance Load Alarm Monitoring System (BLAMS)
and the Wall Interference Correction System (WICS) programs available to
reduce the chances of over-exceeding balance limits and to reduce the data
with the correct wall interference corrections applied, respectively
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The octagonal 12’ cross-section is easily viewed in the pictured above. The
rectangular shape of the 14’ x 22' (not shown) and the octagonal shape of
the 12’ results in dissimilar wall interference and blockage corrections being
applied to the data at each facility.
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Comparison of Model Supg_ ort Hardware

Ames 12 FT LaRC 14'x22’
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The two pictures directly above are of the 5% TCA model installed in both
the Ames 12’ and the Langley 14’x 22’ facilities, respectively. The picture
above shows a close-up of the Ames’ bi- pod mounting system. The aft
mast is considerably larger in diameter than that of the pitch link used at
LaRC pictured to the right.

Diameter at model bottom: Main Post  Pitch Link
Ames 12’ 2.75in. 2.25in.
LaRC 14’ x 22’ 3.8in. 1.45 x2.45 in.

This difference in the mounting hardware may result in a shift in the pitching
moment coefficients when comparing tunnel to tunnel data.
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The test matrix* consisted of the following leading edge (LE) flap
configurations with various combinations of tails(horizontal and vertical) off
and on: plain flaps, full and partial** span, plain flaps, full span and gear
down, increased camber, partial*™™* span, drooped leading edge, partial***
span, sealed le slat, full and partial*** span, and specific psp and cfd
configurations. Tails Off for both Plain and Leading Edge Slats for various
Wing, Body, Nacelles (on and off), and Chine (Full and Partial) configurations
were run.

*

All data runs included the chine on the model.

Plain partial LE flaps were obtained when LE flaps #3 and #6
(see model parts picture) were used to transition to LE 0 degrees, inboard.
This was an issue for two runs: #94 and #95. All other plain flap
configurations runs were tested the whole length of the LE.

o Partial ‘'sealed slat’ deflections were defined as and effected
only the inboard wing as outboard panels had deflected plain flaps. The TCA
model’s LE flaps #3 and #6 (actual TCA airplane: LE #5 and #10) were used
to transition to a different partial LE geometry variation to side-of-body
(SOB).

The final summary document has a more extensive parts picture and list.

sk
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Leading-Edge Flap Geometry Comparison
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The various leading edge flap configurations tested are shown above. The
plain flap is the original leading edge flap configuration tested earlier in TCA-
1 and TCA-2. The sealed slats were tested earlier in TCA-1 and on the
outboard locations only. The cambered and drooped were first tested on the
5% in TCA-3.

167



Cambered and Drooped Lea_ding-Edge Flaps

Cambered Drooped

O moEve

The above pictures of the cambered and drooped leading edge
configurations show the amount of change that was made to the initial design
to create the two different leading shapes. The slight variation from the
original plain leading edge to the drooped leading edge configuration can just
be seen as a second line delineates the original shape.
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Results:

Plain Leading-Edge Flaps
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Plain flaps were run the whole length of the leading edge as stated before.
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The repeatability is considered well within industry agreed upon S&C
parameter constraints. The 0.0004 pitching moment coefficient translates
into approximately 0.15 of a degree of stabilizer movement.
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htly worse for atmospheric runs. Again, this is

considered within industry agreed upon parameter constraints for both

situations.
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Ames 12’ to LaRC 14’x22’ Pitching Moment
Repeatability Comparison and Re Effects

TCA-3 Pitching Moment Variation with Angle of Attack
TCA Final Data
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The plot above shows the effect of Re for tail-on, plain LE flap configurations
of 0/0, 30/15(10), 30/20, and 0/30. Similar to the tail-off configurations shown
on previous pages, pitch stability reduces when Re increases. The decrease
in stability varies with flap deflection, particularly at higher alphas. The 0/30
configuration appears to have the least amount of pitch stability at both Re.
This is expected, because without the LE flaps deflected, flow over the wing
separates at moderate angles of attack, especially when there is significant
aft camber (deflected trailing-edge flaps).

The comparison between the 14’ x 22’ and the 12’ tail-on data show similar
stability trends; however, there is a reduction in pitch stability for the TCA-3
data when compared to the TCA-1 test data. This stability decrease is
prevalent in most facility-to-facility comparisons.
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Ames 12’ to LaRC 14’'x22’ Yawing Moment

Repeatability Comparison -and Re Effects

Yawing Moment Variation with Angle of Sideslip
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The plot above shows the Re effects on the tail-on directional stability (slope
of yawing moment with sideslip angle) at a constant 20 degrees of alpha for
the 30/15(10), 35/15(10), and 40/20(15) plain LE flap configurations. Tunnel-
to-tunnel comparisons for 30/15(10) and 40/20(15) plain LE flap
configurations are also shown. At this large alpha, all configurations have
negative directional stability (unstable) from -2 to +2 degrees of sideslip at
both Re numbers tested. Beyond 2 degrees of sideslip, the slope of yawing
moment with sideslip reverses and all configurations become statically stable
until large sideslip angles are reached. Data obtained at Re=36 was limited
to no more than 6 degrees of sideslip because of the large forces and
moments encountered at this high angle of attack. The plot on the next page
is an enlargement (sideslip angles between —4 and 10 degrees) of the plot
above and provides a better look at the effects of Re.

Although the overall trends are similar, there are significant differences in the
yawing moment due to sideslip when the data from the 12’ and 14’x22’
tunnels are compared at Re=7 million. A significant reduction in yawing
moment coefficient is seen for both the 30/15(10) and the 40/20(15) flap
configuration data obtained at the 12"
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Ames 12’ to LaRC 14’x22’ Yawing Moment
Repeatability Comparison and Re Effects

TCA-3 Yawing Moment Variation with Angle of Attack
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The plot above plot shows the effect of Re on the variation of yawing
moment coefficient with angle of attack, at a constant sideslip angle of 4
degrees, for tail-on plain LE flap configurations of 30/15(10), 35/15(10) and
40/20(15). Al flaps deflected configurations exhibit increasing positive
directional stability (yawing moment at an alpha divided by the sideslip angle)
up to 10 degrees alpha. After 10 degrees alpha, directional stability begins
to reduces rapidly with alpha until yawing moments become negative
(directionally unstable) between 18 to 23 degrees of alpha, depending on the
flap deflection. For the configurations shown, the effect of Re on directional
stability does not appear to be consistent, rather the effect of Re appears to
vary depending on alpha and flap deflection. However, for all three plain LE
flap configurations there is a noticeable reduction in directional stability at the
higher Re up to moderate alphas. The 40/20(15) configuration appears to
have significantly more directional stability at all alphas, particularly at alpha
= 10 degrees. The 35/15(10) configuration, tested in TCA-3 only, appears to
have the lowest level of directional stability at both small and high alphas, but
reasonable stability levels at moderate alphas.

The comparison between the 14’ x 22’ and the 12’ data shows similar
directional stability trends over the entire alpha range, although the level
varies between the two.
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Ames 12’ to LaRC 14’x22’ Lateral Control

Regeatability Comparison
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The plot above shows a comparison, between the LaRC 14’ x22’ and Ames
12’ data, of the the rolling moment coefficient variation with alpha for the
plain LE flaps deflected 40 degrees and the TE flaps (#1-#3 and #6-#8)
deflected asymmetrically 30 degrees (for maximum lateral control). While
both curves exhibit similar characteristics with respect to alpha, the data
obtained at the 12’ facility indicates an increase in maximum lateral control
effectiveness. Although at high angles of attack, the maximum lateral control
effectiveness is the same at both facilities.

The effect of Re on maximum lateral control effectiveness was not able to be
determined due to the high forces and moments encountered at Re=36
million.
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Ames 12’ to LaRC 14°'x22’ Directional
Control Repeatability Comparison

tca dncremental Yawing Moment Variation with Angle of Attack
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The plot above shows the effects of Re on incremental yawing moment
coefficient due to rudder deflection (rudder effectiveness) in pitch for the
40/20(15) plain LE flap configuration. These curves were derived by
subtracting rudder undeflected data from rudder defiected data at zero
degrees sideslip and are fairly constant with alpha. Rudder effectiveness
increases and is fairly linear (per degree of deflection) up to 25 degrees of
rudder deflection. The 30 degree rudder deflected data being less effective
than the 25 degree rudder deflected data indicates that the rudder reaches
its maximum effectiveness between 25 and 30 degrees of rudder deflection.
When Re was increased from 7 to 36 million, rudder effectiveness was
reduced slightly for all three rudder deflections tested.

The rudder effectiveness data obtained in TCA-3 agrees well with TCA-1
data. The source of the large spikes in the TCA-1 data, at high alphas, is
unknown.

176



Results:

Increased Camber Leading-Edge Flaps
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The increased leading edge camber configurations were only run on the first
inboard set of flaps (LE 4 and 5) transitioning into their respective aft
following neighbors (LE 3 and 6).
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Increased Camber LE Flaps
Longitudinal Characteristics

TCA-3 Pitching Moment Variation with Angle of Attack

Final Data
0.10 T

13101

35/15(10) and 40/15(10): iW/se = 0/0

@———@ TCA-D Runs 165 35/15(10) Re 7
A———& TCA-D Runa 289 40N510)Re7 | : t : : : ‘
.| 9———T TCA-2 Rune206 sONS(IO)Re8 .. SR TUE U RRUUUUUNRPOPUY (FPRUPINR -, 40 SOVF - OSSPSR FRFPP

0.05

[=]

Pitching Moment Coefficient (50% Cbar), C_

-0.05

Angle of Attack,

The plot above shows tail-off pitch stability characteristics as a function of
alpha and Re for the increased camber LE flap configurations of 35/15(10)
and 40/15(10). Increasing LE flaps from 35 to 40 degrees only gained a
minimal amount of nose-down moment for the Vmin recovery maneuver.
increasing Re number reduces pitch stability as angles of attack increase
above 16 degrees. At either Re, increasing the LE deflection from 35 to 40
degrees while holding the TE fixed at 15(10) does not result in any additional
nose-down pitching moment.
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Results:

Drooped Leading-Edge Flaps
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The drooped leading edge configurations were only run on the first inboard
set of flaps (LE 4 and 5) transitioning into their respective aft following
neighbors (LE 3 and 6).
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Drooped LE Flaps
Longitudinal Characteristics

TCA-3 Pitching Moment Variation with Angle of Attack
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The plot above shows the variation of tail-on pitching moment coefficient with
angle of attack and Re for the drooped LE flap configurations of 0/0,
0/15(10), and 30/15(10). All three tail-on configurations exhibit similar pitch
characteristics over the entire alpha range.

The effects of Re do not become apparent until 20 degrees of alpha, at
which time, the typical reduction in pitch stability at higher Re is seen. This
was also seen for the drooped LE flap configurations with the horizontal tail-
off. There is, however, a slight pitch stability increase at the lower alphas
when the LE deflection is increased from 0 to 30 degrees with the TE flaps
fixed at 15(10).
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Drooped LE Flaps
Directional Characteristjcs
Yawing Moment Variation with Angie of Sideslip
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The left-hand plot above shows the variation of tail-on yawing moment
coefficient with sideslip angle and Re for the drooped LE flap configurations of
0/15(10) and 35/15(10) at a constant 20 degrees of alpha. Both drooped LE
flap configurations show positive directional stability at both Re for the first few
degrees of sideslip. This is in contrast to the negative directional stability
observed for the plain LE flap configuration at this high alpha. At the lower Re
number, the 0/15(10) flap configuration shows a rapidly degrading directional
stability above 10 degrees of sideslip, while the 35/1 5(10) flap configuration
appears to maintain a somewhat constant level of yawing moment (neutrally
stable). Although the high Re data was limited in sideslip angle by balance
load limits, it does show, relative to the lower Re data, a small negative shift in
yawing moment around zero sideslip angle.

The right-hand plot above shows the variation of tail-on yawing moment
coefficient with angle of attack and Re number, at a constant sideslip angle of
four degrees, for the drooped LE flap configurations of 0/15(10) and 35/15(10).
The directional stability at small sideslip angles, seen in the previous plot, is
maintained out to very large angles of attack. This drooped LE flap
configuration stands out, when compared to the other configurations tested, as
having the best directional stability at high alpha and sideslip angles. Re is
shown to not have any significant or consistent effect on directional stability
characteristics over the range of angles of attack tested.
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Results:

Sealed Leading-Edge Flaps
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The sealed leading edge slats were tested at the inboard locations only on this test.
Their transition to the side-of-body is similar to that of the plain flaps. The
transition for both flap configurations take place at flap segments 4 and 5.
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Sealed LE Flaps
Longitudinal Characteristics
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The plot above shows the variation of tail-on pitching moment coefficient with
angle of attack and Re for the part-span and full-span sealed LE flap
configurations of 35/15(10) and 45/15(10). The 45/15(10) part-span and full-
span sealed LE flap configuration exhibit significantly less “pitch-up” at both
Re for alphas above 20 degrees. In fact, the 45/15(10) part-span
configuration, at low Re, has a dramatic pitch stability reversal at 20 degrees
of alpha.

Note: Both the 35 and 45 degree part-span sealed LE flap data shown here
have a 40 degree plain LE flap deflection on the outboard wing.
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Sealed LE Flaps
Directional Characteristics

TCA Yawing Moment Variation with Angle of Sideslip
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The left-hand plot above shows the variation of tail-on yawing moment coefficient with sideslip
angle and Re for the part-span and full-span sealed LE flap configurations of 35/15(10) and
the 45/15(10) at a constant 20 degrees of alpha. Similar to the plain LE flap configurations
shown earlier, both partial and full-span sealed LE flap configurations have negative
directional stability (unstable) from -2 to +2 degrees of sideslip. Beyond 2 degrees of sideslip,
the slope of yawing moment with sideslip reverses and all configurations become statically
stable until large sideslip angles are reached. Above 6 degrees sideslip, yawing moment is
positive for all configurations. Re number effects are hard to determine due to the limited
amount of data taken at Re=36 million. For the part-span configuration, deflecting the LE
from 35 to 45 degrees does not appear to have much effect on yawing moment. However, for
the full-span configuration, deflecting the LE from 35 to 45 degrees results in significantly
lower yawing moment levels, particularly at higher sideslip angles. The cause of the rapid
increase in yawing moment level, after 16 degrees of sideslip, for the 45 degree full-span
configuration is unknown.

The right-hand plot above shows the variation of tail-on yawing moment coefficient with angle
of attack and Re, at a constant sideslip angle of four degrees, for the sealed LE flap
configurations of 35/15(10) and 45/15(10). All of the sealed slat configurations show
increasing positive directional stability up to 10 degrees of alpha. Beyond 10 degrees of
alpha, all of the configurations show a rapid decrease in directional stability but are
directionally stable up to 18 degrees of alpha at both Re. There does not appear to be any
significant directional stability changes due to Re effects. There are also no significant
differences in directional stability between the partial and full span configurations; although at
low angles of attack, the partial span configurations are a little more stable.
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Results:

Comparison Plots
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The following plots are from the test summary document as well and

represent four out of the five that were originally plotted.
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Longitudinal Stability Comparison

TCA Pitching Moment Variation with Angle of Attack
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The left-hand plot above shows the pitch characteristics, at Re=36 million, of
the plain, the drooped, and the increased camber LE flap configurations that
were tested with zero LE flap deflection and various TE flap deflections. The
increased camber LE flap configurations are shown to have the most
significant effect on pitch characteristics, delaying the angle of attack at
which “pitch-up” begins. This effect is more prominent for the 0/0
configuration than for the 0/15 configuration. The 0/30 plain LE flap
configuration is shown for comparison to the other plain LE flap
configurations.

The plot above shows the pitch characteristics of various LE flap geometry
configurations that were tested with similar LE and TE fiap deflections at
Re=36 million. The 35/15(10) plain flap configuration, at high angles of
attack, has the most nose-down pitching moment (favorable for Vmin
recovery) and the least amount of “pitch-up” of the configurations shown. On
the other hand, both drooped LE flap configurations exhibit “pitch-up” at a
significantly lower angle of attack than the rest of the configurations shown.
The increased camber LE flap configurations have a significantly more
pronounced “pitch-up” at 17 degrees angle of attack.
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Directional Stability Comparison
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The plot above shows, for several of the LE flap geometries tested at
Re=36million, the variation of yawing moment coefficient with sideslip angle
at a constant fuselage angle of attack of 20 degrees. For the limited amount
of sideslip data obtained at this high angle of attack and Re, the drooped LE
flap configuration clearly exhibits exceptionally linear and stable directional
characteristics compared to the rest of the configurations shown.

The plot above shows, for several of the LE flap geometries tested at
Re=36million, the variation of yawing moment coefficient with sideslip angle
at a constant fuselage angle of attack of 20 degrees. For the limited amount
of sideslip data obtained at this high angle of attack and Re, the drooped LE
flap configuration clearly exhibits exceptionally linear and stable directional
characteristics compared to the rest of the configurations shown.
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TCA-3 Stability & Control Summary

» Data Repeatability:
- Very Good between TCA-3 repeat runs.
- Good between ARC 12’ and LaRC 14'x22’ except:
« Reduced pitch stability, reduced yawing moment level at
high c.
e Reynolds number Effects:
— Effects observed due to increase in Re:
« Reduced pitch stability (aeroelastic effect at high o)
« Small reduction in directional stability
« No effect on rudder effectiveness

O moenve

Data obtained at the Ames 12’ (at atmospheric Re) was compared to data
obtained at the LaRC 14'x22' for similar plain LE flap configurations. The
Ames 12’ data showed relative to the 14'x22’ data:

= A consistent reduction in pitch stability.

= A significant reduction in yawing moment at high angles of attack.
= A small increase in the maximum lateral control power.

» Nearly identical levels of rudder effectiveness.

Reynolds Number (Re) effects on either longitudinal or lateral-directional
stability and control characteristics were not significant for all of the LE flap
geometry configurations tested. Although Re effects were small, trends due
to Re number were seen. These trends include:

= Increasing Re number reduces pitch stability, particularly at the higher
alphas.

= |n general, directional stability was reduced when Re was increased.
« Increasing Re had no effect on rudder effectiveness.

* Increasing Re reduced the magnitude of the nose-down pitching moment
increment due to the landing gear.
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TCA-3 Stability & Control Summa

(Continued)

* Alternate LE Flap Configurations:

— Increased Camber
* Pitch-up delayed for undeflected LE but more severe
pitch-up for LE deflected 35 degrees.
~ Drooped

* Significant improvement in high o directional stability but
also more severe pitch-up (earlier).

— Sealed
* Improved high a pitch stability

* No significant difference in pitch or directional stability
between part-span and full-span

O soesve

The increased camber leading edge proved to delay pitch-up more than
drooped and plain for similar deflections. No sideslip data was taken for the
increased camber configurations.

The drooped LE flap configuration was shown to have superior directional
stability characteristics over the other configurations tested, particularly at
high angles of attack. However, the drooped LE flap configuration was
shown to have more severe “pitch-up” at higher angles of attack.

The part-span and the full-span 45/15(10) sealed LE flap configurations
were shown to have favorable high angle of attack pitch stability
characteristics. There were no significant differences observed in either the
longitudinal or lateral directional stability and control characteristics between
the part-span and full-span sealed LE flap configurations.
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