
Johannes Johansson

Tailless Aircraft Concept
Pilot paper

Aeronautics Division, FFA
SE-172 90 STOCKHOLM

FOI-R--0186--SE
October 2001

ISSN 1650-1942

Technical report





Aeronautics Division, FFA
SE-172 90 STOCKHOLM

FOI-R--0186--SE
October 2001

ISSN 1650-1942

Technical report

Johannes Johansson

Tailless Aircraft Concept
Pilot paper

FOI-Swedish Defence Research Agency
Aeronautics Division, FFA
SE-172 90 STOCKHOLM



FOI-R--0186--SE

2



3

FOI-R--0186--SE

Abstract

This pilot paper presents a tailless aircraft configuration that is a realistic alterna-
tive to a conventional configuration for a commercial aircraft.

The advantage of this tailless aircraft compared to a conventional one is a reduc-
tion in both parasite and induced drag. It can thus operate more economically.

This Tailless aircraft concept have the same longitudinal and directional stability
as an MD-81, the aircraft used for reference. Directional stability is to a great
extent provided by the two engine nacelles that are placed on top of each other at
the rear part of the fuselage.

For longitudinal trim and control the Tailless aircraft concept uses a swept wing
that positions the outboard control surfaces well behind the center of gravity
which enables them to work as elevators. Combined with the use of thrust vector
control (TVC) the trim and control authority in pitch is equivalent to that of the
reference aircraft. It can thus handle the same center of gravity envelope and can
be operated in the same manner.

Directional control is provided by TVC, with the optional use of winglet rudders
or split flaps for yaw control.

The control authority is thus the same for the Tailless aircraft concept as for the
reference aircraft in all directions, and from a pilot’s point of view there should
be no difference between flying a tailless or a conventional aircraft.
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1 Introduction

The idea of a tailless commercial aircraft was presented at the European Sympo-
sium on Advanced Aircraft Concepts at Airbus Industrie in Toulouse, November
16-17, 1999.

In spring 2000 some calculations were made by students at KTH, the Royal
Institute of Technology, in Stockholm, Sweden as part of an aircraft design exer-
cise [1].

A tailless aircraft should have the same longitudinal and directional stability as a
conventional configuration. It should also be able to handle the same center of
gravity envelope and have equivalent control authority in all directions.

The basic idea first presented was to remove the fin and horizontal stabilizer and
sweep back the wing so that the outer control surfaces were positioned far aft of
the center of gravity and could act as elevators. A pair of winglets were placed at
the wing tips to provide directional stability and to reduce the induced drag.

However, increasing the sweep of the wing increases the induced drag and have a
negative impact on the drag reducing effects of the winglets. Therefore, such a
configuration will be less effective than a conventional one.

Another possible idea is to remove the vertical and horizontal tail and replace its
control authority by thrust vector control (TVC). The maximum thrust of a nor-
mal commercial aircraft is however not high enough to fully allow for trim and
control with TVC only.

The concept presented here combines the effects of a wing with more normal
sweep and the use of TVC. Together these features can give the same control
authority as the tail of a conventional aircraft configuration and still reduce both
parasite and induced drag.

Directional stability is mainly provided by the engine nacelles that are placed on
top of each other far aft on the fuselage. Additional directional stability is pro-
vided by the winglets that are positioned behind the center of gravity.
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2 Reference aircraft

As a reference aircraft the MD-81 was chosen, mainly since it has the engines
mounted on the aft part of the fuselage and has a relatively small fin. It would
therefore be a suitable baseline when studying a tailless aircraft concept.

The MD-81 has a fuselage length of 41.30 m and a maximum seating capability
of 172 passengers. The engines are two Pratt & Whittney JT8D-209 with a max-
imum thrust of 90 kN each.
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3 Tailless aircraft concept

The illustrated tailless commercial aircraft concept has been studied and evalu-
ated using panel method calculations [2] (see cover picture for example of wing
and interference cylinder) and engineering methods. The fuselage and the
engines are the same as for the reference aircraft. The mounting of the engines
on top of the fuselage provides a great part of the directional stability required
for this type of aircraft without adding wetted surface. This mounting position
could prove to be structurally challenging and an issue from a maintenance point
of view.

The inboard control surfaces shown in the figure are flaps used for high lift. The
middle and outboard controls are elevons that can produce moments in both roll
and pitch. The middle elevon can also be designed to have a split flap function if
this is needed for additional directional control.
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3.1 Design of a tailless commercial aircraft
A first approach to designing a tailless commercial aircraft could be to sweep
back the wings so that the wing tips would be positioned far aft of the center of
gravity. The outer control surfaces could then act as elevators. A pair of winglets
placed at the wing tips would also be far aft of the center of gravity and would
therefore give the aircraft directional stability as well a reduction of induced
drag. The winglets would be equipped with control surfaces to provide the air-
craft with directional control, possibly together with split flaps.

A highly swept wing will however cause some difficulties. Apart from structural
issues a highly swept wing will have higher induced drag than an equivalent
straight wing with the same span and aspect ratio. The winglets will also be less
effective and therefore the gain in aerodynamic efficiency rapidly decreases with
sweep angle causing the tailless concept to be less effective than a conventional
aircraft. It is therefore important to keep the sweep to more moderate values.

3.2 Thrust Vector Control (TVC)
The use of TVC allows the Tailless aircraft concept to have reduced aerody-
namic control efficiency in pitch and yaw and therefore allows a lower sweep
angle of the wing. Reducing the sweep decreases the induced drag and other
problems connected with highly swept wings and makes the tailless concept
more attractive.

When considering TVC it should be taken into account that one engine could be
inoperative at any time, thereby reducing the control effectiveness of TVC. The
aircraft should also have enough control power left to make an emergency decent
and landing when both engines have failed.

On a normal commercial transport aircraft the engines do not use enough thrust,
e.g. during approach and landing, to allow replacement of the horizontal stabi-
lizer by TVC only. However, it gives enough added control efficiency to enable a
reduction in aerodynamic pitch control authority, and thus wing sweep, on the
Tailless aircraft concept.

When deflecting the thrust up- or downwards (and sidewards) the forward com-
ponent will decrease somewhat which has to be taken into account when com-
paring the different aircraft.

The TVC will be more effective the further behind the center of gravity the
engines are positioned. They are therefore mounted as far aft on the fuselage as
possible from a structural point of view. The moment arm of the TVC is approx-
imately the same as that of the vertical and horizontal tail on the reference air-
craft.

The moment produced by TVC is dependent only on engine thrust and not on
dynamic pressure like aerodynamic controls are. TVC is therefore relatively
more efficient at low dynamic pressures, like in take-off and landing.
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4 Results

4.1 Stability
Longitudinal and directional static stability is the same for the Tailless aircraft
concept as for the MD-81. Longitudinal dynamic stability is considerably less
than that of the reference aircraft. A modern fly-by-wire computerized control
system should however be able to handle this without problems.

Directional stability is to a great extent provided by the two engines mounted on
top of each other on the rear part of the fuselage. The remaining stability needed
in this direction is provided by the winglets. Using the vertical surface as win-
glets instead of a small fin on top of the engines helps to reduce the induced drag.

4.2 Trim and control
The trim and control authority in all directions is approximately the same for the
Tailless aircraft concept as for the MD-81, even when one engine has failed and
reduced the effect of TVC. At engine failure conditions the Tailless concept
might not fly in an economic optimal way but this should be of less importance
since under normal conditions both engines should work properly.

4.2.1 Trim and control authority in pitch
The horizontal tail on the MD-81 can be deflected as an all-moving surface for
trim. It can operate between approximately +2˚ and -15˚ and is thus very power-
ful for longitudinal trim. It must however be able to trim the aircraft at low
speeds using aerodynamic forces which demands its large size. The Tailless air-
craft concept largely uses TVC for trim which is not affected by low dynamic
pressures.

The reference aircraft is assumed to have a minimum static stability margin of
10% and a longitudinal center of gravity envelope from 10% to 28% of the mean
aerodynamic chord. This is what drives the trim capabilities of the Tailless air-
craft concept.

Trim and control in pitch for the Tailless aircraft concept is provided by the outer
control surfaces on the wing and by TVC. The elevon effectiveness in pitch is
approximately 35% of the effectiveness of the MD-81 elevator. For trim the MD-
81 can use its horizontal tail as an all-moving surface, and compared to this trim
capability the outboard control surfaces on the Tailless aircraft concept has about
27% of its control effectiveness.

It is therefore necessary to improve trim and control authority in pitch with the
use of TVC. In all cases one engine is considered to have failed.
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4.2.1.1 Take-off

At take-off conditions the engines are operated at maximum thrust and the effec-
tiveness of TVC, pitching moment per degree, after the failure of one engine at
take-off speed is about 33% of the MD-81 elevator and 26% of the all-moving
horizontal tail. The TVC can however operate at larger angles than the control
surfaces on the MD-81 and, combined with the elevons, give more trim and con-
trol power in pitch than the tail of the reference aircraft.

There is no significant loss in forward thrust due to the thrust deflection, except
maybe at rotation where maximum pitch control is used which results in a loss of
5-8%.

A challenge with a tailless aircraft is the nose-down pitching moment normally
produced when deflecting the high-lift system during take-off and landing. This
moment has to be trimmed with TVC or the elevons, either one producing nega-
tive lift and increased drag. One way of reducing this problem is to design the
wing so that the additional lift from the high-lift system is located close to the
center of gravity, thereby reducing the need for extra trim. The flaps on the Tail-
less aircraft concept have about the same effectiveness as for the reference air-
craft and the additional lift only produces a small nose-down pitching moment.

4.2.1.2 Cruise

At cruise conditions the dynamic pressure is about 4 times higher than at take-off
and landing. The use of TVC is therefore relatively less efficient here. The need
for trim can be satisfied completely by using only the aerodynamic control sur-
faces or in a combination with TVC, depending on the most economic setting.
Control requirements in normal cruise are assumed to be smaller than in take-off
or landing and the elevons combined with TVC can handle pitch control of the
aircraft along with trim without problems.

4.2.1.3 Landing

At final approach and landing the dynamic pressure is relatively low which gives
TVC an advantage over aerodynamic control surfaces. The engines are however
normally only operated at about 30% of maximum thrust during this flight phase.
If one engine fails this should not cause additional problems since the remaining
engine can operate at 60% of its maximum thrust, or more to compensate for
deflection, and thus keep the total thrust at a constant level.

The trim and control requirements when landing is similar to those at take-off,
only with reduced thrust. This means that the thrust has to be deflected at a larger
angle to give an equivalent normal force and thus pitching moment. This is the
most critical flight case for the TVC and with the center of gravity in the most
forward position combined with maximum nose-up pitch control the TVC is
used at 35˚ which is set as the maximum deflection angle. Then the elevons need
a deflection of about 8˚ to account for the rest of the control need.
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4.2.2 Control authority in roll
Control in roll is provided by elevons, and if necessary with the assistance of
spoilers in the same way as on the reference aircraft. Because of the slightly
larger span on the Tailless aircraft concept the roll control is somewhat more effi-
cient to compensate for the larger rolling moments.

Thanks to the rather small deflection of the elevons as elevators there is enough
control authority left for roll control.

4.2.3 Control authority in yaw
Some of the control power of a two- or more engine aircraft is usually needed to
counteract the yawing moment produced by asymmetric thrust. By placing the
engines above the centerline of the aircraft this problem will be avoided and con-
trol in yaw is only necessary to handle the aircraft, e.g. when landing in strong
cross winds.

There are three ways of providing directional control on the Tailless aircraft con-
cept. One is the use of TVC also in this direction. A deflection angle of 22˚ in
landing conditions give the same yawing moment as a 20˚ deflection angle of the
rudder on the MD-81. If added control authority is needed in yaw, for example if
TVC should be used only for pitch control, the winglets can be equipped with
control surfaces or be deflected as all-moving surfaces. Split flaps located at the
trailing edge of the wing produce yawing moment by increasing the drag on one
side of the aircraft.

4.3 Drag
The wing area on the Tailless concept aircraft is the same as the wing and stabi-
lizer areas combined on the MD-81. The friction drag should therefore not be
higher, but instead probably lower due to higher average Reynolds number over
the wing. The winglets on the Tailless concept aircraft are much smaller than the
fin on the MD-81 which means a reduction in total wetted area.

The form drag should also be somewhat lower for the wing and winglets on the
Tailless aircraft concept than for the wing, fin and horizontal stabilizer on the
MD-81.

Induced drag at trimmed conditions is lower on the Tailless aircraft concept than
on the MD-81, partly due to the larger span and partly because the vertical sur-
faces are used as winglets instead of a fin.

4.4 Weight
The weight of the Tailless aircraft concept is assumed to be the same as that of
the reference aircraft. Deleting the vertical and horizontal tail is assumed to be
compensated for by increased structural integrity needed for the mounting of the
engines, together with the larger sweep and span of the wing used on the Tailless
aircraft concept. Also the weight of the TVC mechanism has to be accounted for.
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5 Conclusions

The benefit of this Tailless aircraft concept compared to a conventional configu-
ration is a reduction in both parasite and induced drag at cruise which makes it
more economic to operate.

Longitudinal and directional stability is the same for the Tailless aircraft concept
as for a MD-81, which is used for reference. Directional stability is mainly pro-
vided by the engine nacelles that are positioned on top of each other far aft on the
fuselage, acting as a vertical tail without adding wetted area. Additional stability
in yaw comes from the winglets.

The Tailless aircraft concept has the same trim and control capabilities in all
directions as the reference aircraft. It uses the combination of TVC and a swept
wing that positions the elevons well behind the center of gravity for longitudinal
trim and control. Lateral control is provided by the elevons and spoilers in a con-
ventional manner while directional control is produced by TVC, possibly in
combination with winglet control surfaces and split flaps.

From an operational point of view the Tailless aircraft concept should be just as
flexible to use as a conventional design, but more economic.
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