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INVESTIGATING POWER BENEFITS FOR A HELICOPTER BY VARIATION OF THE ANTI-TORQUE
DEVICE

Maximilian Mindt, Susanne Seher-Weil3
German Aerospace Center (DLR), Institute of Flight Systems
Braunschweig, Germany

With the usage of electrically driven devices, the rigid connection between main rotor and tail rotor can be broken up,
allowing for a tail section that can possibly be optimized for different operating conditions. This paper presents the
results of a study investigating the power benefits of different variations of the electric anti-torque device. The inves-
tigations were performed using an engineering model of a main rotor - tail rotor helicopter built up in the Versatile
Aeromechanics Simulation Tool (VAST). The studied variations include horizontal and vertical tilting of the tail rotor,
changing tail rotor speed and fin angle as well as fin size and geometry. Various flight conditions such as hover, for-
ward flight, quartering flight, climb, and descent have been investigated. The largest power benefits were observed
for (1) a combination of reduced tail rotor speed and a fin angle varying between 12 deg for low speed forward flight
and 6 deg for high flight speeds and (2) an increased fin area with the tail rotor being shut off for flight speeds above

35m/s.
Symbols
A area, m?
b fin height, m
F force, N
M moment, Nm
P power, Nm/s
R radius, m
%4 airspeed, m/s
a angle of attack, deg
ac, =0 airfoil angle of zero lift, deg
Bic, Bis tail rotor flapping angles, deg
o' flight path angle, deg
n deflection angle, deg
6o collective control angle, deg
0., 0. lateral and longitudinal control angles,
deg
O1r tail rotor collective control angle, deg
d, 0,V Euler angles (roll, pitch, yaw angles), deg
Q rotor speed, rad/s
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Acronyms and Indices

DLR German Aerospace Center

DoF degree of freedom

fin vertical tail plane/fin

hor horizontal

MBS multibody system

MR main rotor

TR tail rotor

VAST Versatile Aeromechanics Simulation Tool
vert vertical

0 reference configuration

1. INTRODUCTION

For a main rotor - tail rotor helicopter, the tail rotor is
essential for its operation as it counteracts the main ro-
tor torque and thus enables low velocity operations and
hovering. The power consumed by the tail rotor does not
contribute to the upward or forward thrust and is there-
fore seen as a necessary but wasted power contribution.
The tail rotor’s ability to contribute upward thrust via tilt-
ing of the rotor has already been used for example in the
famous Black Hawk (UH60) helicopter [1]. Rozhdestven-
skiy and Vaintrub made detailed investigations for possi-
ble retrofits of the Mi8 and Mi24 helicopters with a verti-
cally tilted rotor in [2].

Within the project eTail, which is funded by the Federal
Ministry for Economic Affairs and Climate Action, the re-
placement of the helicopter tail section by an electric
yaw moment compensation is investigated. Breaking the
rigid connection between helicopter main gear box and
tail rotor extends the design space, because the rota-
tional speed of the tail rotor is no longer a fixed ratio
of the main rotor speed, enabling flight state dependent
settings. There are multiple further possibilities to use



the opened design space, like the rotor matrix approach
of United States patent US10526085 [3] that was realized
in the EDAT system on a Bell 429 helicopter demonstra-
tor. This and other solutions are discussed in the paper
“Full Electric Helicopter Anti-Torque” [4]. That paper also
highlights other benefits to be expected from an electric
tail section, while the paper at hand investigates the ben-
efits of different variations of tail rotor and vertical fin
settings with respect to power benefits.

2. METHOD OF INVESTIGATION

The case study focuses on a practical application to the
AWO9 helicopter currently undergoing the certification
process. This helicopter features a five bladed main ro-
tor and a ten bladed tail rotor integrated in a shroud, as
shown in Figure 1. To assess the power requirements of

Figure 1: A prototype of the AW09 helicopter during flight test-
ing [5]

the various design options, different variants of an engi-
neering model of the AWO09 are compared. The models
are built up in VAST, the Versatile Aeromechanics Simu-
lation Tool [6], which is currently under development at
the German Aerospace Center (DLR).

Though only the tail section is changed, the focus is given
to the helicopter overall power requirements rather than
the tail rotor power consumption during the investiga-
tions. Otherwise it would be easily possible to misjudge
the benefits of a change. For example, when the tail ro-
tor is covered inside a closed shroud and not rotating, it
will not contribute to the power, leading to a reduction
of 100% for this component. The counteraction of main
rotor torque will have to be provided by other compo-
nents, leading to an increase in power consumption due
to those other components, though. The total required
power then may be bigger or smaller than the reference
configuration, depending on the split of power contribu-
tions. It also has to be keptin mind that the tail rotor con-
tributes to 9.5% of the total power required for hovering
in standard atmosphere condition at sea level, and less in
forward flight. Hence, the maximum overall power ben-
efits are expected to stay below these reference power
shares.

All relevant flight states have to be considered in the in-
vestigations in order to give a realistic picture of the in-
fluences of design changes. This means not only steady
horizontal flight conditions, but also hover, climb and de-
scent as well as quartering flights have to be considered.
Changes in center of gravity, influences on the control
system and others have to be monitored in parallel to
identify side effects that may prevent a practical applica-
tion.

3. MODEL DESCRIPTION

In the VAST models, the structural dynamics are repre-
sented by a multibody system (MBS) with rigid bodies.
The fuselage body features a six degree of freedom (DoF)
joint to allow for a free movementin space. A joint driven
about the vertical axis provides the rotational speed to
the rotor head, which features the connection points for
the main rotor blades. All five rotor blades are connected
to the hub via joints in flap-lag sequence, succeeded by a
third joint which is driven by the blade pitch angles pro-
vided from the swashplate model. The latter only facili-
tates the transfer from pilot controls to the single blade
pitch settings, no structural kinematics are considered.

The fuselage also has an attachment point for the tail ro-
tor. Since a very complex flow field changing with oper-
ational conditions is expected for the shrouded tail ro-
tor, a dedicated modeling effort is needed for this single
component to accurately capture its behavior. The quali-
tative variation with operating condition was also shown
by numerical simulation in Ref. [7]. While the detailed
flow phenomena are difficult to match even with CFD,
the basic aerodynamic behavior might be modeled in a
computationally efficient way suited for inclusion into a
comprehensive tool as VAST in the future. For the prelim-
inary investigations conducted in the present research,
the tail rotor is treated as an open rotor. Nevertheless,
two models of different complexity were investigated. In
the simple version, the tail rotor attachment point serves
as interface for the comprehensive tail rotor model de-
rived by Padfield [8], but with the velocity components
completely provided via the MBS. In a more detailed ver-
sion, adriven joint provides the tail rotor rotational speed
to the tail rotor hub, where each of the ten blades are
connected via a driven joint that imposes the blade pitch
setting. The aerodynamics of the tail rotor are modeled
with the same sophistication as the main rotor.

Table look up polars of the employed airfoils are used
for blade element aerodynamics of the rotor(s), taking
into account chord variation effects for the tapered blade
tip. The downwash is calculated with the model by Pitt
and Peters [9] for the main rotor and the simpler Glauert
model [10] for the tail rotor. The main rotor blades are
discretized into 10 aerodynamic sections such that each
section covers the same rotor area during a revolution.
The empennage loads are calculated based on polar air-



loads models that use a single comprehensive polar for
a whole component, e.g. the fin. The respective polars
are generated based on the airfoils incorporated for the
component, considering a lift efficiency factor for three-
dimensional flow effects. For the fuselage loads, an ex-
isting polar available for the Bo105 helicopter was scaled
according to the estimated drag surface.

Figure 2 shows a comparison of the simple model vari-
ant with tail rotor after Padfield and the full-MBS variant
with discrete aerodynamics. The main difference is an
offset in tail rotor pitch 81, seen in the upper left plot
for the purple lines. This can be attributed to the Padfield
model working with a linear lift curve slope without zero
lift angle offset auc, =0, whereas the airfoil data used in
the complex model feature a a.c, —g of —3deg to —4 deg.
Additionally, the Padfield model features a delta-3 effect
which increases the required 1. Due to the quadratic
drag polar, the higher a needed for the same lift also
leads to a higher power consumption as shown in the
lower right plot. Overall, the match between the variants
is quite good. Therefore, the simpler model was used for
the parameter variations as it is computationally less ex-
pensive.
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Figure 2: Comparison of power, controls and attitude angles for
the full-MBS model (dashed line) and the simple variant

4. HORIZONTAL AND VERTICAL TILT

In a first step, the benefits of tilted tail rotors are inves-
tigated using the simple Padfield model of an open tail
rotor for trimmed forward flight condition. The defini-
tion of the horizontal tilt angle 1,,, and the vertical tilt
angle n,.,+ of the tail rotor as well as the fin angle n¢;p
can be seen in Figure 3.

Figure 4 shows that a vertical tilting of the tail rotor can
lead to total power savings especially in hover and low

Figure 3: Definition of horizontal tilt angle nnor, vertical tilt angle
Nver: and fin angle nrin

forward velocity flight conditions, which are shown with
blue and orange lines, respectively. The ratio of total
power needed for the modified configuration P to the
total power P, of the reference configuration at that ve-
locity is depicted in the figure. The maximum power sav-
ings amount to 1.8% for a tilt angle of 25 deg at a flight
speed of 8.33m/s. To put that into perspective, the un-
altered tail rotor contributed 8.9% to the total power, so
this means a reduction of 20% in power required for the
anti-torque.
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Figure 4: Change in power for variation of vertical tilt angle

As a side-effect, the upwards thrust component at the tail
creates a negative pitching moment that counters effects
of a shift of the center of gravity to the back. This shift
is expected with installation of an electric motor at the
tail due to the additional component. The simulations
showed a much larger influence on the pitch equilibrium
than needed to cancel out the effect of the center of grav-
ity shift, though. In Figure 5, the changes in trim val-
ues are shown from hover to maximum forward speed
of 75m/s. The trim values of the controls 8y and 6. as
well as the roll angle are not shown because the changes
there are marginal compared to the ones shown. In the
upper right plot of Figure 5 it can be seen that the he-



licopter pitch angle © gets negative in hover at 20° of
tail rotor tilt. The longitudinal control 85 shown on the
lower left, also increases drastically and could exceed the
swashplate limits for high tilt angles. These findings mir-
ror the problems identified by Rozhdestvenskiy and Vain-
trub in [2] for the inclusion of a tilted rotor in already ex-
isting helicopter models. Because of other effects influ-
encing the helicopter operation like a yaw-pitch-coupling
in control this design change was discarded for the fur-
ther investigations.
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Figure 5: Change in trim controls and attitude angles for varia-
tion of vertical tilt angle

A horizontal tilting was found to have a negative influ-
ence on power required except for a slight decrease at
fast forward flight of 75m/s, with the optimum just giv-
ing 0.5% power savings at a tilting of 55° as shown in
Figure 6. Since this configuration requires much more
power at all lower flight velocities or would not even be
trimmable with a realistic rotor model (without linear lift
curve slope), a steering mechanism would have to be
constructed just for this small improvement at the edge
of the envelope. Therefore, tilting the tail rotor in hori-
zontal direction was also discarded.

5. VARIATION OF TAIL ROTOR SPEED AND FIN AN-
GLE

For an electrically driven tail rotor, the tail rotor speed
is no longer coupled to the main rotor speed via a fixed
gear transmission ratio. Therefore, it was investigated
whether the overall power consumption of the helicopter
can be reduced by adapting the tail rotor speed to the
different flight conditions. Investigations for the UH60A
[11]led to a 30% reduction in tail rotor power in forward
flight by using an optimized tail rotor speed.

With sufficient airflow as present in forward flight a rud-
der can generate forces that counteract the main rotor
torque. For simplicity, instead of implementing a sepa-
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Figure 6: Change in power for variation of horizontal tilt angle

rate rudder surface, the whole fin was deflected. This fin
deflection was first investigated separately and later also
in combination with varying tail rotor speed.

5.1. Variation of Tail Rotor Speed

Within the implementation of the simplified Padfield tail
rotor model in VAST, tail rotor speed is not specified di-
rectly but only as the ratio between tail rotor and main
rotor speed (27r/S2mr). For the reference case of the
unmodified AWO09, this ratio is close to seven. To inves-
tigate the effect of different tail rotor speeds, the speed
ratio Q27r/S2mr Was varied between 2 and 14.

Figure 7 shows the change in trim values as a function
of the speed ratio. Reduced tail rotor speeds are shown
with solid lines and increased speeds with dashed lines.
Changing the tail rotor speed has hardly any influence
on the main rotor controls and attitude angles which is
why they are not shown in Figure 7. Reducing the tail ro-
tor speed leads to a larger collective and larger flapping
angles B1. and B at the tail rotor. Flap angles are calcu-
lated here because the applied simplified tail rotor model
uses a central flapping hinge with delta-3 effect. The
decreased 21r decreases the rotational inertial forces
which tend to keep the blades straight as well, leading
to a higher influence of the aerodynamic forces and thus
higher flapping angles. As a ducted tail rotor has no flap-
ping hinge, angles larger than 7 deg which are reached
for a speed ratio of 4 are assumed as not representa-
tive for the system under consideration. Aside from that,
the Padfield tail rotor model uses a linear lift curve slope
without stall, leading to arbitrarily high trimmed 6+ val-
ues. As can be seen in the upper left plot of Figure 7,
the low velocity flight trim results for tail rotor pitch are
unrealistically high for Qrr/Qmr = 4 and 5.
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Figure 7: Trim values as a function of speed ratio

The overall power as a function of the speed ratio is
shown in Figure 8. As before, the power values are re-
ferred to the power of the current AWQ9 as the reference
configuration, thus the ratio P/ P, is shown. The data in
the upper right part of the plot was removed for combi-
nations where the blade tip speed at the advancing side
of the rotor would reach the speed of sound. The results
close to that border are of course also straining the ap-
plication range of the model.

The speed ratio of the reference configuration is optimal
for small and intermediate speeds. For higher speeds
(V > 60m/s) a reduction in power - up to 1% at 75m/s,
which corresponds to one third of tail rotor power - can
be achieved for slightly elevated tail rotor speeds.
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Figure 8: Change in power for varying tail rotor speed

5.2. Variation of Fin Deflection

For small flight speeds, the fin deflection 7y;, has no in-
fluence on the trim values of the controls because the
dynamic pressure is too small to generate a significant
side force. Starting at a speed of about 20 m/s a fin de-
flection leads to a reduced tail rotor collective trim. Due
to the proximity of tail rotor and fin and the main force
contribution of both being the side force, the influence of
fin deflection on the overall trim, namely the main rotor
control angles and the attitude angles is negligible.

Figure 9 shows the change in overall power as a function
of the fin deflection for fin angles up to n¢;, = 25deg.
The power values are referred to the case without fin
deflection, Py = P(nf;, = 0deg). For velocities above
25m/s afin anglein the region of 7 to 12 degrees yields a
power saving of 1 to 1.5%. At high fin deflections, the fin
generates more sideward thrust than necessary. There-
fore, the tail rotor has to generate a counteracting thrust.
Additionally, the fin stalls, entailing higher drag which has
to be countered by additional forward thrust of the main
rotor. Overall, more power is thus required.
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Figure 9: Change in power for varying fin angle

5.3. Combined Variation

Next, tail rotor speed and fin angle were varied in combi-
nation. For rotor speed, mainly reductions with respect
to the reference value were considered. Results for rotor
speed ratios below 4 could only be calculated for flight
speeds above 30 m/s. The fin angle was again varied over
the range of 0 to 15 deg.

The change in overall power with respect to the refer-

ence configuration is shown in Figure 10 for all forward
velocities. For velocities below 30 m/s the optimal tail ro-
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Figure 10: Change in power for variation of rotor speed and fin
angle

tor speed is close to the reference value and the optimal
fin angle is 12deg. For increasing flight speed, the op-
timum moves towards lower rotor speeds and a fin an-
gle of 7 deg. This is especially interesting because for the
sole variation of the rotor speed shown in section 5.1, go-
ing below the reference rotor speed led to an increased
power consumption. With the additional side force of the
inclined fin in the combined variation, the tail rotor can
be unloaded and operated at low rotor speed and pitch
angle, leading to the beneficial effect. The maximum
achievable power saving is about 2.2%. This is equal to
77% of the power the tail rotor needs at the according
flight speed of 75 m/s for the reference configuration.

5.4. Shutting off the Tail Rotor

So far, the power optimum in forward flight above 50 m /s
was at the lowest investigated tail rotor speeds, but the
simple tail rotor model did not allow to trim at lower
speed ratios. To explore potential further power bene-
fits by shutting off the tail rotor in forward flight, the tail
rotor model was removed entirely from the calculations.
This configuration change can be seen as representative
because the rotor inside the shroud will be subjected to
only a fraction of the oncoming flow due to the flight
speed if it is not rotating. This would be even more true
if the shroud was closed off by a shutter. This setup is
of course only trimmable when a certain flight speed is
reached and the yaw moment can be canceled by the fin.

An additional power saving can be achieved compared to
a configuration with the same fin angle but the tail rotor
being used in the trim. This is going to be illustrated in
section 7.

6. FIN SIZE VARIATION

According to investigations reported in Ref. [12], an ad-
ditional aerodynamic surface the size of 2% of the main
rotor area with a lever arm equivalent to the rotor radius
is sufficient to fully counteract the main rotor torque in
forward flight. The simplest way of realizing such an ad-
ditional surface is increasing the size of the vertical tail.

For an approximate investigation of the influence of ver-
tical fin size, it was assumed that the aerodynamic prop-
erties of the fin do not change fundamentally when scal-
ing the fin area. Thus the correction factors for mounting
and 3D-effects were not changed. The fin loads are cal-
culated by the polar model introduced in section 3. This
model has the component reference area as an input pa-
rameter which is thus the only parameter to be modified
for the fin size variation.

The fin area Ay;, was varied in the range of 100 — 170%
of the reference fin area Ay;, o for the investigation. As
can be seen in Figure 11, the trim value of the tail rotor
collective decreases with increasing fin area and for an
increase of the fin size to 160% of the reference value



even counteracting thrust is necessary in fast forward
flight. Figure 11 shows that unlike for the variation of tail
rotor speed, the flap angles stay well inside the bounds
deemed acceptable for the model.
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Figure 11: Trim values as a function of fin area

The corresponding change in overall power is shown in
Figure 12. For the maximum airspeed of 75m/s, an in-
crease of the fin area to 150 — 160% saves about 1%
in overall power. Note that at high velocities, with the
biggest fin sizes there is still a power saving very close to
the optimum despite the tail rotor starting to counteract
the fin force. This is due to the very low thrust needed,
which keeps the tail rotor airfoils at low drag, summing
up to a lower power consumption than in the reference
case.
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Figure 12: Change in power for increasing fin area

6.1. Trim via Tail Rotor Speed

For an electrically driven tail rotor, the thrust can not only
be varied by changing the tail rotor collective control an-
gle ©1x but also by changing the tail rotor speed Q1g.
The implementation of an option to trim via tail rotor
speed is different for the MBS model and the model with
the simple tail rotor. The detailed MBS model already
contains a joint with rotational speed specification. This
speed can be defined as a control variable for trim. As
mentioned in the preceding section on rotor speed varia-
tion, tail rotor speed was not directly available in the sim-
ple model but only indirectly as the ratio with respect to
main rotor speed. Thus, an option to specify tail rotor
speed directly had to first be implemented in the model.
Then the VAST solver had to be given access to this vari-
able to be able to use it as a control variable.

As the helicopter still has six degrees-of-freedom, one
other parameter has to be fixed when trim is to be
achieved via tail rotor speed to still have a unique trim
problem. Therefore, the tail rotor collective angle was
fixed for trimming via tail rotor speed. An example com-
paring the two trim variants can be found in Ref. [4].

The investigations with respect to fin size variation were
then also conducted using tail rotor speed instead of tail
rotor collective for trim. The results showed comparable
power savings as those obtained with the conventional
trim using tail rotor collective.

7. INFLUENCE ON NORMAL OPERATION

The preceding investigations have shown that an in-
creased fin size leads to power savings and even allows
to shut off the tail rotor altogether in cruise flight. There-
fore, a configuration with a fin size of 1 m?, more than
doubling the original size, was chosen for investigating
the influence of an enlarged fin on normal operations
such as cruise flight, climb and descent, and quartering
flight. The goal was to identify possible drawbacks of
the design changes like reduced operability in sideward
wind hover conditions as they appear in alpine rescue
missions. The aspect ratio was not yet fixed but was al-
lowed to vary. To better capture the effect of changes in
fin geometry, the generation of polars based on the air-
foil properties was extended to include the influence of
aspect ratio on induced drag as known from airfoil the-
ory, e.g., Schlichting and Truckenbrodts textbook chapter
7 [13].

7.1. Level Flight

Figure 13 shows the power change with respect to the
current AWQ9 in level flight. The power saving is larger
for the more slender fin with a height of b =1.6m as
the increased aspect ratio reduces the induced drag. For
speeds above 35m/s the tail rotor can be shut off which



yields approximately another 1% reduction in power
compared to the same configuration with the tail rotor
still running.
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Figure 13: Power change in level flight

7.2. Climb/Descent

In climb close to the velocity of maximum endurance, the
larger fin leads to a power reduction of 1.5% and 1.8%,
respectively, as shown for positive flight path angles «y in
Figure 14. Interestingly, the benefits are almost constant
for the different climb angles.

With increasing descent angle, the power benefits of
the larger fins are reducing and in steep descent flight
(v < —10deg), the models with larger fins even need
more power than the reference configuration (left part
of Figure 14). This can be explained with the follow-
ing effect: With increasing descent velocity, the fuselage
drag contributes more and more to the upward force,
thus lowering the thrust needed by the main rotor. This
lower thrust is accompanied by a decrease in main ro-
tor torque, which in turn lowers the sideward force to
be provided by the tail section. As discussed in the pre-
vious subsection, the fins of increased size are able to
counteract the torque without the help of the tail rotor
at level forward flight of 35m/s. Due to the decrease of
required side force in descent, the larger fins even pro-
duce too much sideward force, which the tail rotor needs
to counteract. This of course leads to an increase in the
power consumption of the tail rotor and thus to an in-
crease in the overall power. Despite the relatively large
increase of up to over 6%, the absolute power require-
ment is still way below the level flight values, so this is not
as much of a concern as it seems on the relative scale.
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Figure 14: Power change in climb and descent (30 m/s)

7.3. Quartering Flight

In quartering flight to the right, the high drag of the fin
at around 90 degrees angle of attack contributes a side-
ward force that counteracts the main rotor yaw moment,
enabling an unloading of the tail rotor. This leads to a re-
duction in power required relative to the reference con-
figuration, as shown in Figure 15 for positive velocities.
There is essentially no difference between the geometry
variants with 1 m? of fin area.
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Figure 15: Power change in quartering flight

For flights to the left, the fin drag additionally has to be
countered by the tail rotor, leading to increased power



values shown for negative velocities. Nevertheless, quar-
tering flight to the left is still possible for speeds up to
15m/s. No reduction of the flight envelope with respect
to the reference configuration is observed.

It has to be noted that the tail rotor model of Padfield
does not cover descents into the vortex ring state in its
formulation. Assuming that the normal operating con-
dition formulae can be used for up to a descent velocity
(in the tail rotor frame) of half the hover induced velocity,
the maximum investigated sideward flight of 20 m/s only
touches that boundary.

8. CONCLUSION AND OUTLOOK

Trim calculations were performed for different variants
of the AWO09 tail section. The calculations were carried
out with engineering models in the comprehensive tool
VAST, which is currently under development at DLR. A
vertical tilting of the tail rotor was shown to be beneficial
for hover and low speed forward flight. Due to implica-
tions for the control system and a relatively complex im-
plementation with a shrouded rotor, it seems difficult to
apply this change to an already existing helicopter. Tilting
the rotor horizontally in the direction of flight was found
to be counterproductive except for the highest investi-
gated flight speed.

Variation of the tail rotor speed resulted in small power
savings for increased Qrg at high flight speeds. A re-
duced rotor speed increased the required total power.
The opposite of this was found for the combined vari-
ation of fin installation angle and rotor speed. With an
apparent 7y;,, the tail rotor can be unloaded and the
needed thrust can be generated at advantageous con-
ditions for lower Q2. Since the optimal fin angle is de-
creasing with flight speed, a steerable fin is advisable.

Alternatively to the variation of fin angle, the increase of
the fin size is an option to unload the tail rotor. Investi-
gations with different fin sizes showed that the tail rotor
can be fully unloaded for forward flight speeds of 35 m/s
and higher with an increase of the fin area to 1 m2. As
expected, a slenderer fin leads to a more efficient heli-
copter. Additional power savings were observed when
the tail rotor was removed from the simulation, corre-
sponding to shutting off the rotor and enclosing it inside
the shroud.

Investigating climb, descent and quartering flight condi-
tions revealed that the optimal variants for hover and for-
ward flight can require more power than the reference
configuration in other flight conditions. However, no re-
duction of the flight envelope was encountered for the
modified variants. The overall benefit of the changes has
to be assessed based on the envisioned mission profiles.
Additionally, the technical feasibility has to be taken into
account. Aspects of design requirements and the tech-
nical realization for the investigated tail section changes
are detailed in the companion paper [4].

As stated in section 3, a complex flow field is apparent
for the shrouded tail rotor. After implementation of a
respective model in VAST, the results gathered with an
open tail rotor model presented in this paper can be re-
viewed for their transferability to shrouded rotors. In
the course of the project eTail, ground tests of an elec-
tric anti-torque system shall be conducted, the results of
which can be used for validation of the models presented
here as well as the shrouded tail rotor model.
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