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FOREWORD

This document presents the results of a contract study performed for the
National Aeronautics and Space Administration (NASA) by the Douglas Aitvcraft
Corpany, McDonnell Douglas Corporation. This work was part of Phase I of
the Energy Efficient Transport (EET) project of the Aircraft Energy
Efficiency (ACEE) program. Specifically, the study was one task in the
contract Selected Advanced Aerodynamic and Active Control Concepts
Development. The activity included the design and testing of a low-speed,
high lift wind tunnel model incorporating a high aspect ratio supercritical
wing and advanced high 1lift system. The model included variable camber
Krueger and slat leading edge devices, and two-segment and single-slot flap
configurations. Optimization of these components, as well as effects of

nacelles and pylons, landing gear, aileron, spoilers, and horizontal tail
were studied experimentally.
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Langley Research Center for his concept of the supercritical wing.
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SUMIARY

This report presents the results of the design, evaluation, and wind-tunnel
testing of a low-speed high-1ift model of a fuel-efficient advanced
technology aircraft. This aircraft, derived from detailed system studies
for a medium-range wide-body transport, incorporated an advanced technology
high-1ift system. The results presented include: design trade studies,
design and analysis techniques, and results and analysis of the wind tunnel
data. The experimental results included the first low-speed high Reynolds
numbe: wind tunnel test for such an advanced transport. Experimental data
include the effects on the low-speed aerodynamic characteristics of slat and
variable camber Krueger (VCK) leading-edge devices, two-segment and
single-slot trailing-edqge flaps, nacelles, pylons, aileron, spoilers,
hor:zontal tail, and landing gear. Both liach and Reynolds number effects
were also studied for selected confiqurations.

Trhe trade studies indicated significant improvement in takeoff field length,
takeoff and landing lift-to—-drag ratio, and maximum lift coefficieat fo: a
confiquration incorporating the advanc:d high 11ft systems compared with a
conventional high lift systex. A reduction in fuel burned was also obtaincu
for the advanced configurat:.| Comparisons of the estimated performance of
tne selected configuration with existing aircraft, :ndicated reduced fuel
burned (per seat-mile), improved paylaad capacity for hot/high operations,
reduced takeoff and landing noise levels, and reduced (per-seat) operating
costs.

‘The experimental program coniirmed most of the estimated low-speed
aerodyramic performance parameters. The crulse ving achieved a trimmed
maximum l1ft coefrficiecnt of 1.5 and a lift-to-drag ratio of 15.0. For the
high lift configurations, the values of maximum lift coefficient were
significantly improved when compared to current aircraft values. Typical
trirmed maximum lift coefficients for takeoff and landing confiquraticns
were 2.58 and 3.00 (for the VCK with two-segment flap confiquration).
Corresponding lift-to-drag ratios for the takeoff and landing configurations
were 10.2 and 8.7. The landing configuration lift-to-drag ratio is a

\
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significant improvement over the previous generation aircraft values. The
slat leading edge device achieved maximum lift and lift-to-drag ratios
superior to the VCK. Pitching moment trends for the VCK were superior to
those obtaired with the slat.

From an optimization standpoint, results of the experimental program
indicated the leading edge components were more performance sensitive than
the trailing edge devices. Experimental data cbtained for the leading edge
device retracted configquration indicated the leading edge device was of
crucial importance to the attainment of large maximum lift values. Without
the leading edge device, only small gains in maximum lift coefficiznt could
be obtained with the trailing edge flaps. As expected, the two-segment flap
was superior in maximum lift coefficient and flap lift increment. Trimmed
polar comparisons indicated equivalent lift-to-drag envelopes for the
takeoff flap settings. For equivalent values of approach speed, the
lift-to-drag ratio for the two-segment flap was superior to the
corresponding single-slot flap value.

Aileron studies indicated that, for all flap settings, negative deflections
(trailing-edge-up) were more effective than positive (trailing-edge-down)
deflections. The effect of spoiler deflection on roil characteristics
indicated improved effectiveness as the flap deflection was increased.
Symmetrical spoiler deflections, for takeoff and landing flap deflection,
showed the spoilers to be very effective in reducing lift and increasing
drag. The drag for the landing gear was essentially the same for the
takeoff and landing configurations. The landing gear caused a slight
reduction in maximum lift coefficient for the landing configquration.

Comparisons of experimental data with estimated values were generally in
good agreement, lending confidence to the results of the trade studies.
Analysis of the data has highlighted areas where continued efforts could
result in further improvements. These areas include lift~to-drag ratio for
takeoff confiqurations, pitching moment for the high 1lift configurations,

and ground-effect characteristics. Specific test items are suggested for
this continuved development.



SYIEOLS

The longitudinal aeradynamic characteristics presented in this papesr are

referred to the stability—axis system. Force data were reduced to

ceefficicent form baserd on tie trapezoidal wing area. 21) dimensional values

are given 1n boch International System of Units (SI) and U.S. Customary

Unite, the principal measurcrments and calculaticns using the latter.

Coefficients and symbols used herein are defimed as follows:

AP w.ng aspect ratio

b wing span

Ch drag ceefficient

Cpy, zerc-litt profile drag (ccefficient)

CDpARAS 11E carbined flap and laading edge device garasite drag

FLAP + L.BE.  (coefficient)

UL lift ceefficient

CLimx raximum 1if{ coefficient

CLm tail-ofi i:1t cmetilcient

CLm trumed lifc coefficient

CLa= 11ft coefficient at zero degrees angle of attack

¢y rolling moment coefficient

Ciop two-dimensional sectional lift coefficient

Ci3_p three-dimensicral sectional Lift coefficient

Cn pitching moment cosfficiant

Cp pressure coerficient

CPer1T pressure coefficient corresponding to tocal flow tach
nurber equal to 1.0

Crin wanimum pressure coefficient
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w

FCK

Huac

ig

L/D

(L/D) max
(L/D)rRIM
HAC
MADAAM
C.H.
Ramc

RSS

VAPPROACH
VK

\'/ m

J{IRC

Vig

Vi

direct operating coest

induced drag efficiency factor

fixed camber Krueger (flap)

fuselage reference plane

shape factor for boundary layer profile

mean aerodynamic chord of the horizontal tail

incidence angle between the hozizontal tail and the
fuselage reference plane, positive trailing edge down (deg)

lift-to-drag ratio

maximum lift-to-drag ratio
trimmed lift-to-drag ratio
mean aerodynamic chord
multielement airfoil design and amalysis method
overhang

Reynolds number based on MAC
relaxed static stability

wing area

appraach speed

variable camber Krueger (flap)

Lift-off Speed - the speed atv wnich the airplane first
becomes airborre

mean aerodynamic chord of the vertical tail

Air Minimum Control Speed - the minimum flight speed at
which, when the critical engire is suddenly made
inoperative, it is possible to recover control of the
airplane and maintain straight £light either with zero

yaw or with an angle of kank of not more than five degrees

Minimum Unstick Speed — the speed at and above which the
airplane can safely lift off the ground and continue the
takeoff

Rotation Speed - the speed at which the pilot begins to
rotate the airplane to the lift—-off altitude

Stalling Speed - the minimum steady flight speed at which
the airplane is controllable
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