ICAS-96-4.6.3

20th ICAS Congress-Sorrento, 8th - 12th September 1996
Paper No. 96-4.6.3

AERODYNAMIC DESIGN AND TECHNOLOGY CONCEPTS FOR A NEW
ULTRA-HIGH CAPACITY AIRCRAFT

Dr. E. Greff”

Daimler-Benz Aerospace Airbus GmbH, Bremen, F.R.G

Abstract

The predicted annual growth rates result in a
doubling of air-travel in the next 20 years. Conge-
stion affects growth and hence the identifiable need
to replace current large aircraft. Satisfying the gro-
wing Pacific/Asia market leads to a requirement for
an UHCA whose feasibility is being investigated at
Airbus Industries and partners.

The DOC targets to be fulfilled for economic
success are well below a scaled A340 technology
level for a 530 - 700 pax family concept. Aerodyna-
mic technologies were reviewed and first designs
derived using a new hybrid design strategy.
Application of a 3D Navier-Stokes code in the
design cycle as well as a multi-point airfoil design
optimization tool was successfully demonstrated.

In the aerodynamic development concept trade-
offs in sweep/thickness of a turbulent wing with
Variable Camber (VC) are compared with a Hybrid
Laminar Flow Contro! (HLFC) wing showing the
feasibility of a low sweep/high aspect ratio wing in
an interdisciplinary approach. HLFC is offering a
high potential in a phased introduction but still
needs a large research effort in design, theory and
windtunnel supported by flying demonstrators to
investigate stability limits with nose suction and
operational aspects such as decontamination of
insect debris and anti-icing.

The landing-gear integration is a difficult task
requiring more efficient flap systems, which are also
needed to alleviate vortex wake effects and en-
hance roll power. Finally an overview is given on
tailplane alternatives because a double-deck con-
figuration leads to high trim loads. An attractive
option could be a three-surface aircraft (TSA} which
would rely on a demonstrator for control law verifi-
cation.
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I._Introduction

The advent of deregulation, massive mergers
with only a few majors surviving and international
code sharing alliances have posed a tremendous
pressure on airlines to reduce costs and increase
efficiency. In the last years the net losses were as
high as all accumulated profits since the 1950s.
1994 has been the first profitable year since 1989
in net terms. This economic recovery already led
to a surge of orders and this is continuing.

Assuming a world average growth rate of

4.6 % for the next 20 years, the in-house annual
market forecast from 1995 to 2014 predicts a de-
mand of 13, 300 new aircraft worth 845 billion $.
This average growth, however, will be subject to
large variations. Areas which are approaching a
state of maturity (north-American and transatlantic
routes) will grow at a rate below average. Others,
for instance intra-Asian routes, those crossing the
Pacific, and the links between Asia and Europe will
prosper at a growth considerably above the world’s
average. 58 % of this market is single aisle and

42 % are for twin-aisle with 48 % replacement. Al-
together the capacity of the world passenger fleet
will more than double.” About 17 % of the total
demand is generated by opening of all-new routes.
Interesting to note is, that the cargo sector is gro-
wing by 9 % annually!

The airport and airways situation however
poses major constraints on this huge fleet expan-
sion. The hub-and-spoke system led to a significant
increase in traffic delays, which can be alleviated by
the oncoming code-sharing alliances to some extent.
New technologies and improvements in air traffic
contro! procedures could increase the airspace ca-
pacity by 30 % but will reduce horizontal and verti-
cal separation thus resulting in a more unified cruise
speed and more complicated manoceuvring for as-
cent and descent avoiding the traditional long ILS
glide path (4D-array-navigation). This in turn will
require aircraft with enhanced operational flexibility
and more efficient flap systems.

A further increase of traffic can only be real-
ized, when the system is restructured. As only few
new airports are being built a possible relief is the
switch to more point-to-point services with larger
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twins and reduce the hub-spoke-service {Fig. 1).
High-speed rail systems such as magnetic levitation
trains will replace some uneconomic short range
flights whereas on the upper range the answer is
more capacity on a given range. Larger twins up to
400 pax will serve ETOPS routes and the identifi-
able need to replace current large aircraft leads,
early next century, to a requirement for an Ultra-
High-Capacity Aircraft (UHCA), which can operate
from international airports provided their span is
below 80 m. An increasing demand for feeder ser-
vice to a new kind of airport under discussion as a
remedy to congestion - the wayport % a huge
transfer airport in a remote area for large intercon-
tinental services, with such UHCA - is forecast. The
split into aircraft categories shows, that in terms of
business the long-range sector (210 - 500 + pax) is
most important with 4 935 aircraft where 40 % is
located in the Asia/Pacific sector {Fig. 2).

The market above 500 seats where still none
of the airframers offers a product is yielding a num-
ber of up to 900 aircraft. Hence UHCA are currently
receiving wide-spread industrial interest . Airbus
Industries and its partners are currently investigating
the feasibility of an UHCA in a triple family concept
from 530 to 700 pax while Boeing announces to
rewing the 747 4.

The economic success of a long-range aircraft
depends highly upon its fuel efficiency in terms of
specific range. Major contributions to an increase in
the specific range can be achieved by technology
improvements in aerodynamics, propulsion, materi-
ais and systems (Fig. 3). The current fuel share of
the direct operating costs is, however, about 20 %
while it used to be more than 40 % in 1980 on a
long-range sector. Ownership costs (interest, depre-
ciation, insurance), however, increased to 40 %.
This is a major reason why globally manufacturers
are aiming at a substantial cost reduction by 30 %
and cut down of lead times by 50 %. An all-new
UHCA facing these scenarios, which are of course
subject to change, has to combine high technology
standards with low costs for R & D and manufac-
ture in order to be competitive to a 747-X. The DOC
targets (Fig. 4) are then well below a scaled A340
technology level and imply drag reduction targets of
more than 10 % besides the application of advan-
ced materials and very-high by-pass ratio engines
(VHBPR).

Of increasing importance for airline managers
are ecological aspects such as a reduced impact of
the aircraft emissions on the atmosphere. Latest
research results show, that these emissions, which
are in total only 0.4 to 3.2 % depending on pollu-
tant, have a damaging effect on the atmosphere and
aggravate the greenhouse effect 5. Especially nitro-
oxygens play an important role in the production of
ozone in the upper troposphere. The produced

ozone acts in these altitudes as a greenhouse gas
with detrimental effect on the world climate. This
situation motivated Airbus Industries to start the
Mozaic experiment, where A340 in-service aircraft
of Air France, Lufthansa and Sabena automatically
measure ozone and water vapour on international
routes. The amount of emissions can of course be
reduced by minimizing fuel burn and optimize the
aircraft configuration for lower altitudes © as lower
cruise altitudes offer a potential to reduce the im-
pact of emissions due to atmospheric cleaning pro-
cesses. The increasing ecological consciousness
since the world climate conferences in Rio and
Berlin, where a 25 % reduction of total emissions
(industry and households) until 2005 was set as a
target, may well change the priorities of airline ma-
nagers and manufacturers, especially in view of po-
tential emission taxes. This is current practice only
in Sweden, but very recently a fuel tax was pro-
posed by the US administration which created sub-
stantial opposition among US airlines 7.

In the following the paper will focus on the
basic configuration of the UHCA and trade-offs to
improve fuel efficiency. State-of-the-art transonic
wing technology may be improved further, but only
laminarization is offering a large potential as a single
technology which seems feasible on an UHCA with
suction devices depending on the time-schedule and
research work spent on this field.

Hl. Configurational Aspects and Basic Technologies
2.1 Design Requirements and Basic Configuration

The set of requirements derived for the UHCA
whose project designation is now A3XX is subject
to change within a changing scenario (Fig. 5).
Hence we see a compeliing need to offer a design
with high operational flexibility. As a successor of
the jumbojet the cost-economic cruise speed was
set at M = 0.85 at a nominal range of 7 400 nm.
The baseline will offer 530 seats in tri-class layout,
while the stretched versions are expected to accom-
modate up to 966 in an all-economy layout, which
is applicable at reduced stage lengths or even short-
haul routes, for instance in Japan. The aim of the
extended range version - 100 R is to tempt Pacific
Rim carriers with a product, which will give non-
stop flights between Hong Kong and the US east-
coast or Australia and Europe - an issue which was
responded recently by the A340-8 000 as well as
the 777-100X.

One of the limitations of the design is wing
span, which exceeds the current span limit of 65 m
{ICAO Code E) based on the 747-400. The 747-X
wing is aiming, however, at 79 m span 8, which is
the maximum span possible to allow an UHCA to
use present 747-size gates without a wingfold.
Oelkers ° has discussed UHCA design trade-offs at
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DASA earlier, which showed a flexibility of span up
to 90 m at European airports and a length range of
80 -'90 m. The A3XX-baseline configuration was
confined to a box 80 m x 80 m so far (Fig. 6). Even
this is a step in size, which will require an airport
and passenger handling facilities up-grading in order
to have satisfactory turn-around time.

The aircraft is technically feasible but most of
the critical problems increase with size. The wing
weight versus structural weight is following a
square-cube-law resulting in a high sensitivity of
weight changes on empty weights and design
weights {weight growth factor) which may eliminate
the DOC gains with increased size. Hence the imple-
mentation of new lighter materials in lifting struc-
tures are of utmost importance to reduce the factor
of structural weight/MTOW well below 0.3. The
large moments of inertia and short tail-arms of the
double-deck configuration will create an unsufficient
roll response and unfavourable trim penalties, which
call for more effective control surfaces and stability
augmentation systems. More efficient high-lift sys-
tems are needed to cope with more efficient take-
off/landing procedures with steeper glide slope, pro-
vide sufficiently low rotation angles and reduce
wake vortex effects to ensure that potential gains in
passenger frequency are not greatly eroded. The
landing-gear will pose also a great challenge to the
vendors as it will have up to 5 % MTOW with a
four-leg main landing-gear and limited steering capa-
bility to minimize tyre scrubbing.

The application of latest state-of-the-art to the
aerodynamic design of an A3XX, i. e. A340 tech-
nology level, would already give an all-new design,
which could surpass existing large airplanes but the
size effect which usually reduces drag is counter-
acted by the reduced aspect-ratio (8.2 instead of
9.3) and increased trim-drag (Fig. 7). Only a trim-
tank and a c. g. travel to 45 % can recover a drag
level at M = 0.85, which is comparable to the
A340 at M = 0.82. Further improvements are seen
in a phased approach with respect to the inherent
risk or maturity of the technology. At relatively low
risk, an improvement potential of more than 7 %
can be imagined being composed of an improved tip
device, a thrust-vectoring nacelle, riblets, variable
camber (VC) and a restoration of higher aspect ratio
by utilizing the maximum span limits.

Intermediate risks are associated to Hybrid-
Laminar Flow-Control (HLFC) on nacelles and the fin
where dedicated demonstrator programs were al-
ready flown or launched within the time schedule of
A3XX. Altogether this yields an improvement close
to the target of 10 %. The more promising compo-
nent, the wing, and the horizontal tailplane need
demonstrators to be launched, which show the
feasibility of the technique in operation. This is hard
to imagine within the given time but configurational

trade-offs should demonstrate whether a retrofit
solution is feasible where the leading-edge including
all systems are exchanged. As a prerequisite this
requires the availability of VC on the baseline and
the appropriate planform of the wing.

The advent of the transonic wing technology
allowed us to increase aerodynamic performance. by
more than 30 % since the A300 and enabled us to
offer a reduced sweep/increased thickness and
hence less structural weight for a given
speed/payload than earlier aircraft, that could re-
duce the critical Mach number mainly by increasing
sweep. It appears that project methods used in
sizing processes seldom reflect the changed sensi-
tivities since these days. A comparison of current
wing-designs shows, that for a given level of tech-
nology sweep is now 2.5 times less sensitive while
thickness sensitivity is twice as high as the value
used in the B727 case study (Fig. 8). This was also
validated by a multitude of wind tunnel tests over
the last decades and can be verified with modern
3D numerical methods, which describe the cross-
flow in the trailing-edge region correctly.

Consequently a trade-off was performed in
order to show the feasibility to maintain sweep
comparable to A340 for the A3XX. Fig. 9 shows
the alternative wing layouts considered, namely an
increased span/aspect ratio with either 33 ° or 30 °
quarter-chord-sweep. Besides the obvious advan-
tage to reduce weight, increase low-speed perfor-
mance and alleviate aeroelastic distortion, less
sweep gives a higher probability to achieve attrac-
tive laminar flow runs on such a wing.

2.2 Variable Camber

Variable camber is offering on opportunity to
achieve considerable improvements in operational
flexibility, buffet boundaries and performance at
relatively low cost without major mechanical additi-
ves. This technique was developed in an extensive
interdisciplinary research program with the A340 as
tead project '°. The principie is depicted in Fig. 10
showing, that the adaptation of the wing shape to
the actual flight conditions is achieved by a small
fowler motion, where the wheels of the flap car-
riage are guided by two individual tracks in such a
way, that the flap body slides underneath the spoil-
er trailing edge keeping the gap closed. Thereby a
linear correlation between camber deflection and
fowler motion is achieved. According to this system
solution, which allows only positive camber deflec-
tion the designer can relax the off-design con-
straints and minimize drag at low lifts. At start of
cruise, step climbs, or increased weight the lift de-
mand is satisfied by discrete flap settings resulting
in the envelope in Fig. 10. A consequent adaptation
to VC would take advantage of a wing/body inter-
ference optimization by reduction of wing root set-
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ting and control of limiting load cases. Because of
the latter capability and the possibility to compen-
sate structural tolerances (wing twist), VC is a
prerequisite for the feasibility of an UHCA.

2.3 Turbulence Management (Riblets)

Besides HLFC, another way of boundary layer
control is possible due to a reduction of turbulent
friction drag by manipulation of the turbulence stru-
cture within the turbulent boundary layer. So-called
riblets suppress vortex formations near the wall. A
potential of 8 % friction drag reduction is envisaged
from experiments on flat plates. The structure of
these films is very fine, only about 0.05 mm bet-
ween two ridges. The realization problems are more
in the operational area, for instance the application
on the surface, the cleaning, the tensile strength
and degradation due to environmental effects or
aggressive fluids like skydrol. A 0.7 % overall drag
improvement was estimated for this configuration
so far, which has to be verified. In a technology
working group within the Airbus partners a flight
test on an A320 was performed, which supports
this target value and additionally a long term test
with a Lufthansa A300-600 was conducted to
check the operational aspects. Generally the method
is feasible and it is a question of trade-off analysis,
manufacturing and maintenance whether this tech-
nique will be applied or not. Hence this subject is
not detailed further in this paper.

2.4 Thrust Vectoring

The common key to better SFC is driving the
by-pass ratio to high values and thus increasing the
propulsive efficiency. For the A3XX baseline there is
no need for VHBR engines, as improved A330-en-
gines (RR Trent 772) are available to satisfy the
thrust requirement. The stretched versions would
however need engines of GE 90 type. The instal-
lation especially on the outboard wing will create
substantial interference drag, which have to be
minimized by position, pylon and wing design.

In the last years a further field of drag reduc-
tion attracted the integration specialists at the Air-
bus partners, i. e. drag reduction by vectorized
nacelles, which was successfully demonstrated in
the wind tunnel . Through a new type of thrust
reverser a variable thrust vector can be achieved
{5 © deviation), which will be demonstrated on an
A340 within the time schedule of A3XX.

2.5 Hybrid Laminar Flow Control {HLFC)

Since the 1930s aerodynamic research was
devoted to laminar flow especially to LFC and HLFC.
NASA’s halfbillion dollar program ACEE, which
began in 1976 revived the efforts in LFC significant-
ly 2% and let to outstanding in-flight experi-

ments culminating with the B757 HLFC tested *® but
no application in service so far. Todays manufactur-
ing tolerances and new materials however have
already decreased the parasitic drag level to ~ 3 %
aircraft drag while it used to be twice this value 20
years ago. With these tolerances laminar flow runs
of more than 50 % chord seem feasible. In 1986 a
national research program devoted to Natural Lami-
nar Flow (NLF) as a joint effort of German industry
and research was initiated. It was continued as a
European Laminar Elow |nvestigation (ELFIN 1, I},
which focussed on HLFC also and successfully
demonstrated the feasibility of HLFC with leading-
edge suction devices in the S1 wind tunnel. A flight
test on the A320 with a HLFC-Fin is currently under
preparation for early 1997.

In Fig. 11 the relationship between wing
sweep, Reynolds number and leading-edge (L. E.)
radius is shown. NLF by shaping the airfoils is con-
fined to the region left of the boundary, which is
supported by the successful flight-tests with the
VFW614-ATTAS and Fo 100 aircraft, which carried
laminar wing gloves. Airbus category aircraft be-
yond 100 pax require HLFC where the boundaries
are not yet known precisely.

The different modes of laminar-turbulent tran-
sition on a swept wing require different optimum
pressure distributions to obtain laminar flow runs of
the desired extent. Boundary layer profiles on a
swept wing can be splitted into a profile in direction
of the outer flow and a cross-flow profile which
exhibits a maximum shear close to the wall. In rela-
tion with these profiles there are three different
modes of instability which may cause transition to
turbulent flow, namely:

o the amplification of a plane disturbance
wave in the main flow direction, termed
Tolimien-Schiichting instability (TSH)

o the cross-flow instability (CFi)
o the attachment line transition (ALT)

The transition location as a function of pressure
distribution, Reynoldsnumber and sweep angle is
quite different for the three modes and it is of ut-
most importance to accurately predict the transition
location and find a good compromise with respect
to off-design cases. For the prediction of TSI, ef-
ficient empirical criteria are available and for ALT
the Poll-criterion seems to work also at high Re-
numbers '8,

For cross-flow instability the only access is to
use the stability theory for laminar boundary layers.
The solutions of the Orr-Sommerfeld equation,
which is a two-dimensional disturbance equation in
direction of the disturbance wave front, are amplifi-
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cation ratios for disturbance waves of different
wave length, frequencies and propagation direction.
The integration of the amplification rates yieids the
amplitude ratio at each point of the airfoil. This is an
exponential function e® where N = In {A/Ao) is the
factor to be determined by correlation of stability
analysis and experiment. For the calculation of the
N-factors, the SALLY-Code was developed 17 '8
which is valid for incompressible paralle! flow with-
out curvature effects. More recently a compressible
code with curvature effects named COAST was
developed at DA .

In this scope limiting N-Factor bands were
determined by correlating measured transition loci
from flight-test and wind tunnel, which can be used
for further designs provided the pressure distribution
type is kept and the two modes are more or less
decoupled. The research activities have shown, that
suction confined to the region before the front spar
can reduce cross-flow instability significantly but
the achievable laminar flow runs are then deter-
mined by TSI again, which can be controlled only by
large negative pressure gradients. The gradient is
however increasing with Re-number thus creating
significant wave drag even at the design point. One
goal of the configurational optimization is hence to
find a compromise with less sweep as mentioned
above.

Before HLFC technology can be applied to an
aircraft, a multidisciplinary effort in the best sense
of concurrent engineering has to be made (Fig. 12)
to

o find a good compromise for high-speed off-
design with VC, and find solutions to su-
stain sufficient maximum lift and handling
qualities

o find solutions for anti-icing and insect de-
contamination

o minimize installation space for suction sys-
tem and high-lift system

o design and test the suction system in-flight
and find a productionized solution with
minimum required suction power and quali-
ty assurance of suction panels {hole geome-
try, pressure losses)

0 minimize production costs and define a new
wing manufacturing process guaranteeing
the required tolerances

o Convince the authorities and airlines
The latter can only be achieved by flying demonstra-

tors and in-service evaluation. Hence the presump-
tions in Fig. 7, where only HLFC nacelles and a fin

were assumed until EIS of the A3XX.

As a first approach to a laminarized wing a
system layout is schematized in Fig. 13. Variable
Camber is needed to control the pressure gradients
and attachment line on the wing. A Krliger system
is used for high-lift as it can be used as insect shield
also. Suction is confined to the region outboard of
the kink in the first step and probably on the upper-
surface only. Suction on the lower side behind the
Kriiger requires a very small gap/step there. Further-
more laminarity will be reduced by pylon interfaces,
engine noise, access panels and flap-track fairings.
For de-icing, bleed air is blown in reverse direction
through the suction system. Such a system is fore-
seen to be demonstrated on an A340 wing-glove
demonstrator in the framework of the European
more efficient aircraft program (3E).

lil._Aerodynamic Development Concept

The aerodynamic design of a transport aircraft
with transonic wings requires configuration itera-
tions through repeated wind tunnel test loops. Yet,
CFD methods are becoming more important in the
predevelopment phase in order to limit the number
of iterations. The efficient 3D flow simulation code
MELINA based on the Euler- and Navier-Stokes
equations is used instead of the wind tunnel in a
hybrid design strategy % using a direct-inverse de-
sign code ' for residual correction of the section
design towards a desired 3D pressure distribution.
Fig. 15 illustrates this design cycle, which allows
the designer to sort out different design philosophies
and increase the maturity of the design for experi-
mental verification as limited budget and time frame
confine these experimental cycles to a minimum
22 Fyurther enhancements are possible through the
implementation of a 3D-residual correction method
based on the N. S. equations. Earlier applications of
numerical optimization at DA were not so convinc-
ing 2'. A breakthrough was achieved by a new ap-
proach of van der Velden % who coupled a combina-
tion of a genetic/simplex-optimizer with an aero-
shape function based on Joukowsky transforms.
This optimizer was also used in the design of first
UHCA wings in a multi-point design mode.

In the aerodynamic development concept for
the UHCA three branches can be identified, a tur-
pulent fixed camber wing (TFC), a turbulent variable
camber wing {TVC) and a HLFC wing with VC (Fig.
14). At first a trade-off in sweep/thickness is per-
formed to select a planform. Then follows an iter-
ative improvement including engine integration in
order to have mature designs to be compared when
a decision has to be taken whether a HLFC wing in
turbulent mode is a good starting point, and a retro-
fit of the L. E. at a later stage of the program is
feasible. In the high-lift development a feasibility of
a HLFC glove on a DNW model with a Kriiger flap

1325



and high-Re checks of a HLFC and TVC wing with
Kriger or slats leads to a decision on the L. E. de-
vice, which has to be further optimized on a large
model in DNW. The rear-end development focusses
on the comparison of turbulent tails with HLFC tails
in order to verify the tail-stall boundary and efficien-
cy at high Mach number in turbulent mode before a
HLFC tail is selected. Wind tunnel testing must be
supported, however, by flying test-beds in order to
investigate stability limits with suction and opera-
tional aspects such as decontamination of insect
debris and anti-icing.

V. Design of a Turbulent Reference Wing

4.1 Verification of the First Reference Wing De-

signs

The first turbulent fixed camber design (TFC1)
used a planform with AR 9,3, p,; = 33 ° (Fig. 9).
As a reference served the A340 wing with same AR
but three degrees less sweep. The design goals
were to shift the dragrise to M = 0.85 and achieve
the same drag as the A340 at M = 0.82 and refe-
rence lift coefficient.

In the course of the design cycle the aforemen-
tioned hybrid design strategy implementing the 3D-
N. 8. code evolved, as the available tools failed due
to the strong viscous effects and the upper surface
contours, which require very small curvature chan-
ges to sustain a nearly shock-free flow.

Wind tunnel results were very encouraging as
the predicted pressure distribution was nearly achie-
ved and the drag target also. Fig. 16 shows the
pressures vs. span at five stations from the test at
M = 0.85, which is close to the initial cruise lift for
the - 200 version. The shock strength is very mode-
rate outboard, while inboard a certain waviness is
observed on the upper side. This slight trend to a
double shock wave is to be eliminated in the next
step. As regards drag Fig. 17 clearly demonstrates,
that exactly the same drag as on the reference
{model wings were scaled to same wing area) but
for AM = 0.03 was established with a gain at
lower lifts and small deficiencies at higher lifts. The
a, is higher which is beneficial for rotation, but trim
drag is increasing due to the higher pitching mo-
ment. The aerodynamic efficiency M*L/D,, from
these tests is given in Fig. 18, as well as the drag-
rise boundary {20 drag counts increase with respect
toM = 0.6 atC, = const.,, 1. d. c. = 0.0001). The
TFC wing is enveloping the reference completely
and the optimum is shifted by 0.03 in Mach.

This is also valid for the dragrise with the ex-
ception of the bucket at lifts below 0.4 where the
inboard double shock emerges and for extremely
high lifts. The target shall be achieved with the
modification in pressures already shown in Fig. 16.

As a second step the trade-off in sweep was
performed. A new wing (TFC1.1) with slightly adap-
ted pressures for the higher normal Mach number
was designed for the planform in Fig. 9 with AR
9,3, @, = 30 °, which is almost the same than on
the A340. The thickness was only reduced by
0.15 % in average according to the sensitivities dis-
cussed earlier. The result was very convincing as
the aerodynamic efficiency in Fig. 19 shows
(trimmed and scaled to flight). The TFC1.1 is equiv-
alent in performance at cruise Mach number and
towards MMO despite its reduced sweep and both
TFC wings offer an improvement of more than 4 %
compared to the reference A3XX-100 with AR 8.2.

An interdisciplinary trade-off on the wing plan-
forms in Fig. 9 was then initiated to show the ef-
fects on aeroelasticity, weights and performance.

4.2 Aergelastic Deformation

One major issue of these large structures is
structural stiffness and already for the Airbus A340
the elasticity effect on performance was not negli-
gible. With increasing MTOW the influence of ela-
sticity has to be taken into account for weight esti-
mates as it reduces wing weight 2. A high aspect
ratio of the wing improves the aerodynamic perfor-
mance. On the other hand, the increase of the as-
pect ratio leads to a growing weight, higher elastic
distortions and premature aileron reversal.

Preliminary estimates have shown a very large
aeroelastic twist for the UHCA preventing us initially
to apply an aspect ratio as high as on the A340. A
follow-on study gained momentum after the suc-
cessful demonstration in the wind tunnel of the
aerodynamic concept having less sweep.

During the A340 development & certification
phase a method was validated with A340 flight-test
results to predict the aeroelastic twist from jig-
shape to flight-shape. This is accomplished by iter-
atively coupling of a 3D transonic potential code
with a 3D boundary layer, using a structural model
which can be a simple beam model with a mass-/
stiffness-distribution or a FEM model. It was found,
that the elastic twist could be predicted with a
tolerance of 0.1 degree compared to in-flight mea-
surements.

For the A3XX datum wing with AR = 8.2,
elastic twist of 3 - 3.8° was calculated depending
on altitude (Fig. 20). This is almost comparable to
the A340, so we were encouraged to reconsider the
aspect ratio. The corresponding values for the TFC1
wing (AR 9.3, @,5 = 33°) are increased by 0.4° at
the tip whilst the TFC1.1 (AR 9,3, @,5=30°) achie-
ves nearly the same values than the datum wing.
The reduced sweep compensates the AR effect
completely and hence a recommendation arose to
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adopt the new planform for the project. In-depth
aeroelastic investigations with refined structural
models (FEM) also with respect to flutter cases will
be continued. Especially the application of carbon
fibre for the outboard wing could reduce the elastic
distortion to even lower values than for the refe-
rence.

4.3 Effects on Cruise Performance

Besides the clear advantage in L/D and the
fairly small influence in static aeroelasticity the wing
weight will increase due to the higher aspect ratio.
This can be reduced by reducing the sweep. Despite
this increase in QWE, the cruise performance is still
in favour of the higher aspect ratio/span. For a
mission of 7, 400 nm all three wings were using an
optimal step-cruise-climb schedule. The result in Fig.
21 clearly shows that about 2 % block fuel reduc-
tion is possible for the w25 = 30°, AR = 9.3 wing.
This is about 5 t of fuel, which is very attractive not
only from the DOC point of view. It is an asset for
the ecological balance also, because a fleet of up to
900 UHCA would save several million tons per year
depending on utilization {Fig. 3). Hence a significant
reduction in NOy will be achieved.

The study will be continued in order to have a
complete picture, also taking into account the recur-
ring cost aspect for the manufacturer.

V. Design of a HLFC Wing
5.1 Basic Airfoil Design

Following the general criteria discussed in chap-
ter 2.5, a basic laminar airfoil was designed and
transpased into a 3D wing concept for the UHCA. In
the HLFC concept, suction is assumed in the region
before the front spar (20 % cord), which can sup-
press cross-flow instability. Sufficient laminar flow
runs in the box region are then determined by TS|
again, which can be achieved by a pressure distribu-
tion which accelerates the flow (Fig. 22). The figure
already points out the problem of significantly higher
recompression gradients towards the T. E. A careful
analysis of different recompression types, i. e. de-
gressive (Stratford) or progressive, and the magni-
tude of rear loading must be carried out in order to
avoid separation. Especially at higher Mach numbers
the shock-wave boundary-layer interaction may off-
set the gain in friction drag. Off-design cases with
fully turbulent flow should be feasible without sig-
nificant separations and lift losses, thus evoking
unfavorable handling characteristics.

Compared to an optimum turbulent airfoil with
a weak shock, the HLFC airfoil looses considerable
lift on the upper side at a given a having already a
higher wave drag. The search for a higher attainable
lift is then a compromise between feasible rear-

loading, thickness and achievable laminar flow run
with acceptable wave drag. In off-design conditions
laminarization effects tend to reduce, due to either
pronounced suction peaks at lower Mach number
and corresponding Tollmien-Schichting instability
(TSI} or significant wave drag increase at higher
Mach numbers. This adverse effect must be avoided
and a comprehensive tool for this purpose is avai-
lable with the Variable Camber (VC). The VC en-
velope is achieved at nearly constant angle of at-
tack, which is beneficial for the HLFC airfoil also as
the attachment line does not vary. Hence, suction
chamber layout is simplified.

A typical HLFC airfoil design A is compared in
Fig. 23 for a design Mach number of 0.82 and Re =
35.10°% with a conventional turbulent airfoil B. The
HLFC airfoil is offering a 20 d.c. reduction (- 32 %)
with 40 % laminar flow on the upper side and 50 %
on the lower side {The equivalent suction power has
to be subtracted from this figure). In turbulent mode
it is equal at lifts below 0.5 and M =< 0.82. At
higher Mach number it has a higher wave drag as
the turbulent one, which can only be alleviated with
VC. A design process of a HLFC airfoil as illustrated
in Fig. 24 is then clearly dominated by off-design
constraints and VC implementation. The basic de-
sign starts with an optimization with respect to TSI
at constant suction level as there is a minimum N-
Factor with increasing suction for TSI. Then follows
an optimization of suction for cross-flow and ALT,
which requires an increase towards the nose. In this
context it may be necessary to modify the nose
shape also to achieve a sufficiently low level in NCFI
at the nose and damping downstream. Once this
basic design is established, off-design calculations
including a variation of VC flap geometry have to be
carried out in order to reduce the wave drag penal-
ty, and to sustain attached flow in turbulent mode.
An overall optimum can therefore be a design with
somewhat reduced laminar flow areas on the upper
surface (40 % instead of 50 %), if no additional
means of wave drag reduction, as for example pas-
sive ventilation or a surface bump, are considered.

5.2 First HLFC Wing Design

Based on the planform of the successful TFC1.-
1 wing with reduced sweep {25 = 30°, AR = 9.3)
a first HLFC wing was designed to gain knowledge
about its specific problems, demonstrate it in the
wind tunnel with transition free and fixed and offer
an aero-specification for the systems group. The
basic airfoil was transposed to the higher Mach
number 0.85 and used in the kink region as a gene-
rator airfoil. In the course of the design-cycle, the
Navier-Stokes code was intensively used as well as
the optimizer, which yielded a solution of acceptable
thickness, which would probably not have been
found with the classical sorting through pressure
distribution variations. Yet, the design lift coefficient
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had to be lowered to 0.45, which would result in a
significant wing area increase unless VC is applied.

Due to the very high Reynolds number the
aforementioned compromise a reduced laminar flow
extent was necessary. Fig. 25 shows the calculated
transition with COAST. The decrease towards the
root is inherent in the design as the generator air-
foils at 21.7 % span and root gradually transformed
the HLFC airfoil into a turbulent one. The root will in
any case be turbulent and the continuation of the
pressure distribution would lead to a strong aft
shock, almost normal to the fuselage. Given a large
wetted area of the inboard wing, this would reduce
the gain of HLFC substantially. In a first step the
system concept envisages suction only outboard of
the kink (Fig. 13).

A result of a N. S. calculation clearly shows
this pressure distribution concept with a shock-free
inboard wing and moderate to stronger shocks out-
board, but a substantially larger laminar flow extent
(Fig. 26). From this distribution the required suction
rates were determined as an input to the systems
concept (Fig. 27). This wing will be tested in a high-
speed wind tunnel soon in order to verify the pres-
sure distribution and measure drags with transition
fixed at the transition loci predicted for full scale.
Initial results from the N. S. code showed a ~4,9 %
drag reduction potential (suction drag included).

This is a considerable improvement for a single
technology, but less than expected from earlier
publications °. These were, however, confined to a
design condition similar to our example A at con-
siderably lower Mach/Reynolds number. The attain-
able HLFC improvements are obviously a function of
aircraft size, but a figure of the aforementioned
order is still attractive for an UHCA and would save
some 10 t of fuel per flight. Even though a practical
application on the first UHCA is unlikely, as the
necessary flight demonstrations will not be finished
and evaluated before box freeze, it seems worth-
while to continue a trade-off for a later retrofit with
a L. E. suction system in view of such im-
provements and the asset for the ecology.

VI. Landing-Gear Design and High-Lift System

Alternatives

The landing-gear design needs special attention
on such a giant aircraft as it will weigh ~ 5 %
MTOW, with limited steering capability to minimize
tyre scrubbing. Initial studies on this issue were
reported in ® where four to six-leg tandem bogeys
were investigated. The datum aircraft features now
a 4-leg design with two wing-mounted and two
body-mounted 6-wheel bogeys, which give an im-
proved growth capability with respect to runway
loading (Fig. 28). The rotation angle limits shown in
the side-view impose a major problem on low-speed

aerodynamics.

Initial estimates of different high-lift configura-
tions have indicated already that:

0 the A3XX-100 could retain a Slat/SSF
system

o the A3XX-200, however, is rotation angle
limited.

Therefore a DSF system is considered eventually in
combination eventually with a TSF inboard

o a Kriiger flap can compensate the drag pe-
nalty of the DSF at take-off while maintai-
ning the max. lift of a slat version (see Fig.
30).

A potential arrangement is shown in Fig. 29. More-
over, the advanced high-lift system could optimize
the lift distribution during take-off by means of a
twisting outboard flap/fowler flaperon in order to
enhance L/D and reduce vortex wake effects. Vor-
tex wake hazard to following aircraft is receiving
increasing attention and a European collaborative
research project Eurowake will be started in 1996.
Potential gains in passenger frequency through
higher capacity aircraft could be greatly eroded if
vortex wake effects are not reduced.

A first check of L. E.-stall-criteria has shown,
that the HLFC airfoil A is close to the boundary of
prevailing L. E. stall where a short bubble exists
with a potential risk of bubble burst. Fig. 31 shows
a computational result of the clean C,-a curve with
respect to the turbulent reference airfoil. The loss in
Onax Of more than 3° and the abrupt stall charac-
teristic is not acceptable. A first L. E. modification
was designed thereafter with a combination of ra-
dius and camber increase resulting in a flattened
nearly constant pressure zone on the lower surface
in high-speed. As the Kriiger flap will be positioned
there with no suction device, it has to be checked
whether such a constant pressure zone is overrun
by the boundary layer without premature transition.
The change in stall behaviour, however, is still too
small. Hence the HLFC wing introduction greatly
depends upon a successful low-speed design, which
minimizes the short fall in max. lift. Additiona! wing
area will be needed to compensate this. Earlier
investigations on NLF wings at DA % had shown
that despite the lower maximum lift of the clean
configuration, a similar lift with deflected flaps than
a conventional wing due to the much thicker flap
and more favorable flap pressure distribution was
achieved. A similar conclusion is drawn in 2°, Experi-
mental investigations of such trade-offs at high-Re
are necessary and foreseen in the development
concept.

1328



VII. Stability and Control Aspects

Handling qualities are of paramount interest in
the design process of an UHCA from the very begin-
ning. Due to this fact the specialist departments
started already in the feasibility phase to set up a
data base for handling qualities including elastic
effects.

The horizontal tailplane layout is one crucial
point, because a conventional trimmable tail will
require a large area due to the short tail-arm. With
5 % stability margin a tailplane area of 24 % wing
area is needed, i. e. a stabilizer close to the size of
an A310 wing (), which needs to be actuated via
multiple jacks (Fig. 32). The structural integration in
the rear-end and the sealing of the gap throughout
the trim-setting range constitutes a major challenge
to structural designers. Hence alternatives are being
investigated; namely a:

o fixed horizontal tailplane with different ele-
vator designs

o three-surface aircraft with a movable ca-
nard

Fixed stabilizers need slightly higher area, but
gain structural weight through a simplified rear-end
structure. Controllability can be achieved by slotted
elevators , double-hinged elevators or double-seg-
ment elevators, which need to be split over the span
in two segments. This will necessarily result in a
higher complexity of the actuation system, that
must be fail-safe with a failure rate of 10°%h. A
favourite candidate is the double-hinge elevator
where the first element serves for trim and the
second for manoeuvre or VC-function of the tail
(Fig. 33).

An attractive alternative for such a double-
decker seems to be a three-surface configuration
proposed by Al with a movable canard surface (Fig.
34). For c. g. positions beyond 25 % this configura-
tion is statically/dynamically unstable and needs a
close loop stability augmentation system through
the feedback gain of the flying canard and the HTP
elevator inputs per change of a. Further canard
functions are trim through canard setting and con-
trol through a camber flap. Canard size and HTP size
are defined by controllability in low-speed and allow
an overall reduction of tail area (canard + HTP) by
8 % while the wing area is significantly reduced by
11 % due to the almost negligible trim loss in lift.
The overall saving potential in MTOW of > 5 % and
reduced trim drag results in a block fuel reduction of
6.5 %, which is the highest potential discussed so
far for a single technology.

It is important to note, that as in all canard
layouts, the wing is subject to the distorting trailing

vortex shed from the foreplane. This has to be com-
pensated by a camber adaptation on the inboard
wing, i. e. a VC system is needed. As the TSA was
recognized as a very promising technology a flying
demonstrator, especially for the verification of the
control laws, is currently under consideration, which
shall by flown on an A340 test-bed.

As the outboard aileron will have poor efficien-
cy, also with respect to aeroelastic effects, a review
of roll control power was initiated early. It turned
out, that the low-speed 60 ° bank angle, to be ro-
tated in 7 seconds including acceleration time, is
critical in clean configuration due to poor aileron
efficiency and the large moment of inertia. Various
alternatives were investigated and for the time
being a most attractive alternative with 13 % higher
roll rate is seen in the combination of aileron, spoi-
lers and a taberon on the outboard flap, which are
anyway incorporated in the VC-system for spanwise
load and L/D control (Fig. 35).

VIiil. Conclusions

In the feasibility phase of an Ultra-High Capaci-
ty Aircraft, technology concepts were investigated
to improve the overall efficiency and reduce weight
as the weight-growth factor is a critical issue.

Referred to a baseline aircraft with state-of-the-
art technology, a drag improvement potential of
more than 10 % at an intermediate risk level was
identified. A major contribution to this is the restora-
tion of a high aspect ratio, as in-depth studies sup-
ported by wind tunnel results showed the feasibility
of a lower sweep/high aspect ratio wing with similar
aeroelastic distortion, but better cruise and field per-
formance than the datum wing.

Hybrid laminar flow is offering a high drag re-
duction of more than 7 % (including nacelles, fin,
tailplane and outboard wing) in a first step. Before
HLFC technology can be applied to an UHCA, a
large multidisciplinary research effort is needed in
order to master the technology and demonstrate it
on flying test-beds and in-service operational tests.
A phased approach is under way with a laminar
A320 fin flying in 1997, and an A340 glove demon-
strator thereafter. A first HLFC wing was designed
and system lay-outs were considered, which could
be installed later in a retrofit package, as the first
design showed an equivalent turbulent drag level for
the design Mach number. Variable Camber is a
prerequisite for a HLFC wing to control the pressure
gradients and the off-design behaviour.

Variable Camber is engineerable at relatively
low cost ' and is already a powerful tool for the
turbulent baseline to enhance the operational flexi-
bility and reduce weight through the reduction of
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limiting load cases. Moreover it can compensate
structural tolerances (e. g. twist}.

Advanced high-lift systems were highlighted,
which can reduce rotation angles significantly while
maintaining a high take-off L/D through a spanwise
load control and/or a Kriiger device, which can
serve as an insect shield for HLFC also.

Finally an overview of tailplane sizing aspects
and roll control was given. A substantial gain in
block fuel and weight could be seen in a three-sur-
face-aircraft. Special attention must be paid to the
control law verification with a demonstrator and the
suppression of interference affects on the wing for
which again a VC system is the best tool. Roll con-
trol in low-speed was found to be marginal, which
can be improved by a taberon, that is part of the VC
concept.

The conclusion can finally be drawn, that an
UHCA is feasible with current technology. Signi-
ficant improvements can be achieved by a phased
approach to new technologies. As trade-offs have
shown the feasibility of a low sweep/high aspect
ratio wing, the probability of a later retrofit with
HLFC is given, provided a Kriiger flap is existing on
the baseline and VC also, which is a keystone for a
variety of further technologies.
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Project Definitions:
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Principal Scheme for
the 2D Design *

Definition of 2D-Target
Pressure Distribution

Choice of Initial
Geometry

v ’———'
Direct-inverse
Transonic Airfoil

Design Modification of
' Airfoil Sha
. }gver_se Pressure

(2D-Finite-Differ- » Direct (Surface
ence-code)

Curvature)

* only applicable for weak
3D effects, otherwise an
“analogous airfoil” needs
to be defined first

Reference Wings/Turbulent Operated HLFC-Wings

Fig. 15 Aerodynamic Design Cycle

Pressure Distribution at M=0.85 for 1st A3XX Reference Wing
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------- Target for Next Step 1
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X/C 10 0. 02 04 06 y,c 10

Fig. 16 Pressure Distribution for Turbulent Refe-

rence Wing
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Fig. 17 Longitudinal Motion of Turbulent Reference

Wing

Different Wing-Fuselage
Fairings
T T \
M-L/p RN G
opt. - \
I A3X)I( TFCI1 /’/ 13 A3XX-TFC1 Target
! } A — == “vt
{ 2 A340 §
7 0.2 Q'.
~d l i Pat
unscaled, untrimmed A340 e
| Windtunnel resuit | ;
/i
—10.04 fo— —{ 0.05 |
Mach{ /] Mach[/]
Aerodynamic Efficiency Drag Rise Boundary

(20 d.c. to M=0.6)

Fig. 18 Aerodynamic Properties of Turbulent Refe-

rence Wing
M-L/Dgpt

———@ Results [L

p

+—0.04 —*

MACH

Datum Area, AR=8.2
- - 5=33°, Datum Area -5% }
— ¢p25=30°, Datum Area -5%

AR=9.3

Fig. 19 Scaled Aerodynamic Efficiency of Alterna-

Elastic Twist ¢ Flightjig [‘,]

Elastic Twist & Flight-jig [n)

tive Wings
-4.0
R
30 ARa (~Fi370
FI 390
2.0 Aoy
// A3XX-100 Datum Wing
“ 230
-1.0 / : ¥p533
/ AR=8.2
0.0 M=0.85, C=0.527
0. 0.2 0.4 0.6 0.8 n 1.0
4.0
Datumn Area -5%
0 ,//; R~ 5337, AR=9.3
id =30°, AR=9.3
/ #25
2.0 A
/ Baseline:
3 =33°, AR=8.2
1.0 A 7 P25
/ M=0.85; C;=0.527
6.0
0. 0.2 0.4 0.6 0.8 n 1.0

Fig. 20 Aeroelastic Twist Jig-to-Flight
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Blockfuel

zs_tr = ~ 5t/Flight
Datum —05% Datum Area Datum -5%
5= 33 #,5~ 30°
RR TRENT 772-60 ("Status 1996")
e}
Distance

S Datum -5%

Orlimluﬂm of HLF( Transition
way | EEREY B s oo

2k T —
| Haro00r] . [H-330001]
! =7
=

TOW [t]

Fig. 21 Comparison of Cruise Performance

a) Parallel Shift of Upper Surface
Pressure
= Rise in Wave Drag

Cj -Increase for a Typlcal
Laminar Press. Distr.
Sloopy Press. Distr. 7 Cperit

"ost Jirr  With Weak Shock : i
: b) Increase of rear-loading {us)
v = 1.E-Separation Most Likely
= Increase of Pitch Moment

e Stronger
Shoz:kg Coefficient
NN Cpert a) Suction Peak on
perit
Neccessary Upper Surface

= no Significant Penalties

Press. Gradient ¢) Modification of
/-\ Lower Surface X
= Airfoil Becomes too Thin

d) Increase Rear-Loading {Is)
=T.E-Thickness too Thin
= increase of Pitch Moment
Coefficient

S—

Goal : Increase Attainable lift Coeff.

\ Cpcrit

Cy -increase for a Typical

—Laminar Press. Distr.
Turbulent Press. Distr.

....... Turbulent Press. Distr.

Fig. 22 Basic Design Differences between Laminar
vs. Turbulent Design

Gy
Ma=0.82 o
Re=35'106|/ P
{
-CP Ma=0.82 T , "
C(=0.48 02
Re = 35- 106 ¢ —A
LIS 20d.c. 20 R by
0.4 '
| 5 Cq
cp* C
o~ Y i [cmoas y
\‘ Re=35-10 .

\
40d.c. -
S e ==

B
— = Afturb.)

0. 0.4 0.8 x/c 1.2 74 78 82 86\

e Typical HLFC Airfoil
t/c=10.41%: A

*====+ Conventional Turb. Airfoil
t/c=10.27%:8

Fig. 23 Comparison of Turbulent and HLFC Airfoil
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1 ! | LL’sxX/c
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yes @ Suhace T 6 Re
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] (R B e e cans
X/
s s
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Design. 08!
Nerl f“’ S
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. /'/ Mod HLFC-Airfok: M
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X/¢ Reduction of Lamina] nNo cient’ Yes_{Variation of Subsonic
1 —& Drag Rit
Effect of LE-Mod @ oo Do Recompression, Cambe
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- oA | M .'; Saskc. TSI Controrby
. o0z2]f ) Passive Ventilaion|
[ond | Attachm. {17 NCFI
xe o Ui ® HLFC-Airtol
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Fig. 24 Design Process of a HLFC Airfoil
Lower Surface
Flow Conditions:
Ma =0.85
ReAMc"= 61- 106
C. =045

28% .
Transition calculated

with COAST-Code

Upper Surface

37%

Fig. 25 Calculated Transition Lines for HLFC Wing

with COAST
-Cp 7=0217 K \ 7=0.35
\\ J '
i/ INN \
N NG
0. 0.4 0.8 X/CLZ 0. 0.4 0.8 x/c1.2
M=0.85 C_=0.446

| ]

“FiEs Fh
>

NN NN
U
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Fig. 26 Navier-Stokes Calculation on HLFC Wing
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Ca 100% Suction Rate Flow Conditlons:
Rec=75-10% Ma =0.85
7=0.217 Rey, = 61+ 106
— Ca =045
75 W0y ,c g0 M 5
- TV ean Cruise alt
N Co[[| Ree=57-2 10 H=35000ft
\ 7=0.35
N ]
\ 25 10 20 Rec=41.3- 108
$.28% US X/c ta 70.65
\\ 31%1S
\ 1
+34 l
36 510 20
xem o} Ree307: 108
e =0.85
— | 7
7=0.15 :
7=0.217  7=0.35
.50
o Chordwise Point of 0
Transition as Calculated
{upper surf.)

«ee Chordwise Point of Transition
as Calculated ( lower surf.)

Fig. 27 Estimation of Suction Requirements
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Flap-System Trade-offs
for Improved Rotation

® The A3XX-100 Could Retain
a Slat/SSF System

® The A3XX-200 However is
Marginal. Therefore a DSF
System (Outboard) is Consi-
dered in Combination With
a TSF Inboard

e A Kriiger Flap Can Compen-
sate The Drag Penalty at
Take-off While Maintaining
the Max. Lift.

® 4 Leg Design
4 x 6 Wheels
= Improved Growth Capability

Fig. 28 Landing Gear Design and Flap System
Trade-offs

Reduction in
Rotation Angle

@ Triple-Siotted Fowler Flap
@ Double-Siotted Fowler Flap
@ Fowler-Flaperon

Ay

Gpre
Optimized Lift Distribution

® Reduced Take-off Drag
® Enhanced Lift
® Reduced Vortex Flow

0 02 04 06 08 1
Fig. 29 Improved High-lift System Concepts

Low Speed Drag Estimate
A3XX-TFC (p,5=33°, AR=9.3)

- I I
L «eeees Slat/SSF
/D Slat/DSF
\ - - Slat/I/B TSF/DSF
TR “*.. | = = Kriiger/I/BTSF/DSF
~N g
7
1
1
1.2 14 1.6 1.8 CL 20

Fig. 30 Low-Speed L/D Estimates

Turbulent

Cu Reference

d
/{;,__»-——— HLFC-Airfoil \7/
i 1 N cp*

\
02 f | HLFC with | /'\ \
T / §/ L.E.-Mod. \ )f

Effect of
L.E. -Mod.
e in High-Speed

Fig. 31 Stall Behaviour of HLFC Airfoil

SHExp. O
V\
[m?] &/A
Flexible A/C |- FN o
S
SA &
AL S
&

Datum

50
C.G.-Position % MAC

Fig. 32 A3XX Horizontal Tailplane Sizing
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Rear Spar {Main box)

Rear shroud

Hinge line

S|
Nomex core, l

fibreglass
face

63%

Double Hinge Elevator ///'/

-

Single Hinge Elevator

Section A-A

Light alloy honeycomb

Double Segment Elevator

Only two Tab

Positions

open: d7=-20°
losed: 6y~ 0°

Elevator Deflections
open: d, = -30°

closed: 8, = +10°

_______S.-,_.“

High Angle
of Attac!
Flight
Condition

o

;&gn—‘.‘
NN B a0 —

X Take-Off
Deflections

T d7+15°
T Nose Wheel Limit
Load at Brake Release
NATURAL % .
Stable | Unstable at 1.75% | Cana}rd Control Funct.lons.
T Y M=0.85 % t ~Trim: Flying Canard i,
A3XX-TSA Layout S¢=40m?= - i tion i
50 s,\ 3 — 4 const. & Stability Au;menta jon iy
l 4 N O, S -Manoeuvering &,+dy
NN s,
6, oy, -10°< jp <12°
(s
”q’ \ -20° < 8¢ < 35°
%, 3r =055
T w0 N
A
Limit N Limit
20 30 40

C.G.-Position % MAC

Fig. 34 Three-Surface Configuration

Requirements :

Combination : Alleron /Tab/Spoiler
most attractive

Ll

] S

AC) 25.147, (e) :
Critical =

AC]J 25.147, (c) (2) : 60 deg. bank 11 seconds,

one engine inoperative,
Airspeed: V2
60 deg. bank 7 seconds,
all engines operative,
Airspeed : V2 => VMO/MMO

Maxi Control Deflecti :
Ma =0.20 (Low Speed, Clean)
Ailerons: + 25 deg.

Spollers: 35 deg.

Tabs: t 10 deg.

Ailerons/Spoiler Arrangement
is marginal taking acceleration
into account
= improvement of

~13% in roll rate possible

Fig. 35 Roll Control Concept
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