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Abstract

With the constant increase in aircraft speed a new gene-
ration of high performances helicopters has emerged. The
project of such a machine certainly focuses new problems
and may suggest different approaches to the rotorcraft desi-
gner,

In light of this the following paper attempis to give a
general review of the industrial rationale followed in the
development of the Agusta A 109 high speed heliceopter, This
has been done from the standpoint of the aerodynamic desi-
gner, with a particular emphasis on the problems encountered
in the development of a low drag fuselage, .

More recently acquired numerical methods for 3D body aero-
dynamic calculations have enabled us to review some aspects
of the design, in view of their integration as a reliable
and general working tool in the helicopter fuselages aerody-
namic design,

1, INTRODUCTION

Technological and aerodynamic development has steadi-
ly improved the performances of helicopters over the years,
Particularly in the class of transpori helicopters the in-
crease of commercial speed, which emphasized the potential
competitivity with fixed wing aircrafts, can be cbtained
increasing the engine power or the aerodynamic efficiency.

Up to the beginning of the 70's (date of definition
of the A 109 final configuration) the greatest effort of
aerodynamic research was placed on an increase of the rotor
performances. In JAHS, AIAA, STAR index 1965-72 the 40% of
the papers was devoted to the Aerodynamics of Rotary wing
and of this only the 3% concerned the fuselage and non ro-
tating components., On the other hand from figure 1, where
the influence of the different portions of helicopter drag
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is given versus forward speed, 1t is clear that the weight of
the parasite drag for a typical helicopter, is predominant at
high speed in the required overall power balance.

A typical break-down of the effect of the various com-
ponents on the parasite drag is displayed in figure 2, The fu-
selage - pylon - landing gear - engineonacelles - protuberances
unit usually makes the most relevant contribution to the whole,

It is on this particular nucleus that most of aerodynamic opti-
mization efforts have been concentrated in the course of Agusta's
109 aerodynamic design,

In fact technical and marketing surveys confirmed the
commercial feasibility of a civil light weight helicopter while
making clear that the characteristics required were to be as
follows: low fuel consumption, ground mobility, comfort, in ad-
dition to a comparatively high cruising speed,

Fig.3 shows the logical development of the program, In the
preliminary design stage a general layout of the helicopter is
defined according to mission requirements. The remaining design
process may be divided in two phases, namely minimum shape de-
termination and its aerodynamic fairing.

In fact a helicopter may be logically broken down in two
parts: an operational volume comprising the aircraft functional
units, and the fairing which represents a medium between the
jabove-mentioned operational volume and the air, so that the for-
mer .may move through the latter with the least drag.

The minimum shape evaluation is carried out by means of
a modular approach consisting of the design of each unit and
subsequent assembly via a loop process until a satisfactory sha-
pe is achieved, It is interesting to notice that besides struc-
tural and operational criteria the design is also influenced by
gross aerodynamic rules: tipically frontal area minimization and
volume distribution smoothing.

The fairing of the minimum shape was achieved through an
evolving process of shape definition supported by a program of
wind tunnel tests which aimed to obtain a final shape having
not only low drag characteristics, but also a clean flow distri-
bution in its critical parts, namely nose, pylon-hub area and
lower afterbody.

Subsequent flight tests on the full size helicopter sub-
stantially confirmed the results, generally with an improvement
in aerodynamics characteristics where the wind tunnel scale ef-
fect had been critical,

More recent design approaches include numerical methods
as an aid to the aerodynamic analysis. A comparison with the
experimental results has been carried out, showing the possibi-
1ity of including these programs as a support of the design
process both in the preliminary stage and in connection with
the wind tunnel experimental program,
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2. GENERAL LAY-OUT AND MINIMUM SHAPE EVALUATION

It is worth noting that there are aerodynamically orien-
ted choices to be made already at this early stage. In our par-
ticular case the purpose of obtaining a fuselage as aerodyna-
mically clean as possible suggested the inclusion of all the
components inside the fuselage, so as to eliminate all protu-
berances, Specifically it was decided to install the engines,
congisting of two independent units for reasons of reliabili-
ty, inside the fuselage thus avoiding any interference effect
and flow disturbance.

Similar reasons have led to the choice of a retractable
landing gear. Because of the requirement of ground mobility a
skid landing gear was abandoned from the beginning so that the
problem was focused on the choice between a fixed or a retrac-
table wheel undercarriage. Characteristics of easy manufactu-
ring and maintenance of a fixed structure are offset by a not
negligible aerodynamic penalty, while on the other hand a re-
tractable system would neatly avoid the problem, even though
it dimplies a little increase in structural weight,

An estimate of power required, together with flight tests
results, obtained afterwards on the full scale helicopter, is
diagrammed in figure 4 versus flight speed for the above men-
tioned configurations, together with the estimated A 109 opera-
ting range: one can see that the range of maximum utilization
is at comparatively high speeds, where the payoff of the retrac-
table landing gear is considerable,

The helicopter was subsequently broken down into the modu-
les listed in figure 5, Their final assembly is presented in
figure 6, Each one had been defined through its appropriate
operational requirements (for example mobility and comfort for
the passenger compariment, efficient safe and comfortable air-
screw operation for the cockpit, and so on) consistently with
the strucitural design.

3. AERODYNAMIC DESIGN

The program was carried out, with the support of wind
tunnel tests on reduced scale models with simulated rotor
downwash, the test section was of the open type and measurements
were made with a 6 components internal balance (figure 8).

The problems involved in the reduced scale testing proce-
dure were well known, particularly regarding the Reynolds number
simulation with the consequent differences in the behavior of
the boundary layer between the model and the full scale fusela-
ge. Nevertheless it was felt that, with an unavoidable degree
of uncertainty implied by reduced scale tests, a significant
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set of results could be obtained, both quantitative and quali-
tative, which could be extrapolated to the full size fuselage.

A preliminary analysis of the minimum shape revealed the
following: limited possibilities of intervention existed for
central fuselage fairing, whereas the nose and even more the
aft portion afforded greater flexibility. This led to the de-
velopment of a program of evolutive shape definition in which
the central body remained unchanged.

In fact a geometrical survey of the minimum shape shows
that for the purpose of frontal area minimization the central
part must be enveloped as closely as possible by the fairing:
this was achieved with a fairing surface having a quasi-rectan-
gular cross section with rounded corners not comprising the
pylon, the latter being developed independently,

As for the forebody fairing, the analysis of figure 6
shows that it is less subject to gecmetrical constraints, The
wind tunnel tests on the first nose shape emphasized its ex-
treme importance as a conveyor of the flow towards the central
body, especially onto the pylon. It is for this reason that its
design was modified later on, in order to reach a more satisfac-
tory shaping of the streamlines flowing rearwards,

Finally, the tail was subject only to the following con-
straints: that the anti-torque rotor may have its design distan-
ce from the mast and ground clearance, and that its transmission
system be externally located for easy inspection,

The first model (figure 7) obeyed the classical concept
of the helicopter,where the taill is not so much an aerodynami-
cally integrated part of the rest of the fuselage, but rather
a structural appendix supporting the empennages and the tail
rotor (Model A). The tail has no useful aercdynamic role and the
flow coming from the central body bulk separates, possibly be-
cause of the strong local sectional area contraction, as flow
visualizations show,

It became clear as well as that the helicopter drag would
drop dramatically if the air flow could be forced to contract
much more before separation, so that the wake could be accordin-
gly thinned. This was sought through a smoother variation of the
sectional area, in order to induce the flow to follow the after-
body contour while at the same time keeping the tail volume as
low as possible, so as minimize its wetted area,.

Unfortunately, as figure 11 shows, model B wasn't capable
of any drag reduction in comparison with model A, Flow visuali-
zations show in fact areas of flow separation and large scale
turbolence on the lower surface, which are provoked by an exces-
sive pressure recovery, It must be taken into consideration that
the rotor wake at the flight speeds simulated in the test impin-
ges on the tail, giving among other effects an unwanted down-
ward slant to the flow. For this reason the most critical part
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of the tail is the lower portion, and efforts have been concen-
trated on it to improve its aerodynamical behaviour,

In model C the lower afterbody was different and even mo-
re smoothly blended with the central body bulk, so that a total
meyging with it was reached. Experimental data justified this
trend yielding a reduction in drag coefficient for model C,
but mainly a very good flow distribution in the afterbody area.

Another important problem dealt with was the airflow beha-
viour in the rotor hub area, Here the pylon plays an important
role: its design objectives have been not only local additional
drag minimization, but also an appropriate shaping of the flow,
in view of reducing its interaction with the hub to a minimum,

In figure 12 the types of fairings tested are presented.
In the early models different surfaces were superimposed on the
pylon for the purpose of keeping the flow parallel to the cen-
tral body upper surface; however the tests showed that this was
also feasible by simply modifving the shape of the pylon itself,
As figure 12 shows pylon 5 is the best from the drag reduction
viewpoint, Visualizations confirm this, showing an exceptional-
1y adherent flow around the pylon and over the fuselage, The
model has a comparatively thin NACA family section with a pene-
trating front portion, which obtains the maximum adherence of
the flow otherwise tending to separate from the lateral surface.

Figure 9 gives an evidence of the nose-pylon aerodynamic
interaction, From this point of view the best condition around -
the midbody is achieved when the flow at the helicopter neutral
attitude (i.e. zero pitching and yeawing angles) follows the
body's waterlines. This happens when the asymptotic flow is par-
ted preferably along the horizontal plane, rather than the verti-
cal, in order to avoid that an excessive mass of alr be bent up-
wards towards the rotor,

It is worth remembering that the slope of the windscreen
igs limited by pilot visibility requirementsw and at all events
the radius between the roof and the windscreen must be suffici-
ently large,in accordance with the constraints imposed by the
cockpit,in order to forestall phenomena of separation and vorti-
ces formation which could considerably disturb the downstream
flow, Figure 10 shows the progressive development of the helicop-
ter forebody: by increasing the radius of curvature on the late-
ral portion of the nose and windscreen in the horizontal and
vertical plane, and decreasing it along the symmetrical plane,
the desired goals of flow shaping were reached, This was achie-
ved without penalties in any of the aerodynamic characteristics
of the entire model, As at the high design flight speed of the
helicopter the deflected rotor wake interacts with the fuselage
only in its rear portion (so that the fuselage behaves as a body
immersed in great part inside an asymptotic flow), it was felt
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that the airflow behaviour observed on the model would be sub-
stantially the same in reality, i.e. the inferaction between
the air flowing over the fuselage and that concerning the rotor
would be kept to a minimum, Flight tests visualizations carried
out with prototypes have confirmed the validity of these state-
ments,

4. COMPARISONS

It was from the flight tests that we tried to have a con-
firmation of the hypotheses adopted in the development of the
program, Moreover the evolution in the mid 70's of numerical
methods capable of gimulating the three-dimensional aerodynamic
behaviour of fuselages, enabled us to use these methods as an
a-posteriori verification, proving the validity of their use
in the design process,.

4.1 Flight Tests

Tests were run on prototypes both for a quantitative sur-
vey of the helicopter behaviour, and for a number of qualitative
verifications of the reduced scale tests results.

Photographic records (still and cine) were taken of a heli-
copter with a wool thread set up. The pictures show the excellent
agreement with the aerodynamic field observed on the small scale
models (figures13 to18 ), It can be noticed that at high speed,
where the fuselage attitude is very close to neutral with zero
vaw and pitch angles, the effect of the nose is the one looked
for: the oncoming flow is conveyed for its greatest part along
the central body waterlines,

Very good flow adherence is also found in the pylon area
(which is affected from the hub wake only in the aft region).
Moreover there is a most satisfactory behaviour of the flow in
the most critical portion of the fuselage, that is the lower
junction between the mid-body and the tail: the visualizations
always show a smooth distribution of velocities and a constant
adherence of the airstream (as shown in figure 15 for a maneuver
condition) .

4.2 Numerical Methods

The experimental program has emphasized the need for a
theoretical tool to employ in the aerodynamic design and veri-
fication of three dimensional bodies.

Two important items have emerged:

1. Much more can be understood from the experimental
data if the physical phenomena can be theoretically
interpreted.
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2. Design time and cost can be greatly reduced if sha-
pe modifications,and in general any change in the
tested configuration, can be verified in real time,

As a logical consequence a computer program has been set up
for the three dimensional analysis of bodies in viscous flow,
The program consists of two sections: in the first a potential
flow analysis is carried out. Its outputs are emplyed by the
second part for the streamlines and boundary layer calculation,
Through an iterative process between the two blocks it is pos-
sible to obtain an approximate solution of the problem,

The whole process of aerodynamic design of the A 109 has
been reviewed with the aid of the newly developed analytical
method: thus it has been possible to check some of the assum-
ptions made in the course of the testing program, and at the
same time to ascertain the limitations of the numerical method
itself. These may be summarized as follows:

1. The inability, common to all existing mathematical
models in the authors' knowledge, of the program to
satisfactorily calculate separated flows and wake
regions.

2, The restriction concerning the 1lift characteristics
mathematical representation on irregular bodies, as
fuselages generally are.

On the ohter hand however the program yields a series of results
which, if suitably explited, may give useful information to the
helicopter designer, not only in the aerodynamic field, but

alsc in the structural, for the analysis and/or verification

of aerodynamically stressed fuselage components. Some examples
of the program's outputs (velocity vectorial distribution, sur-
face streamlines, pressure coefficient trends along the fuselage
upper and lower surfaces) are given in figures 19 to 23,

These results, as above mentioned showed an excellent
agreement with the visualizations observed both on the small
scale models in the wind tunnel facility, and on the full scale
helicopter in the course of the flight tests, and confirmed the
clean design of the final model,

Concluding Remarks

The design approach followed in the definition of the
nose and pylon shapes has allowed to give the air flowing
around the fuselage a preferential orientation in the horizon-
tal plane, thus avoiding an excessive upward deflection of the
stream which might have interacted negatively with the rotor,
Considerable emphasis was given in the design of the lower
afterbody portion which is critical from the standpoint of flow
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separation., The final configuration reached this goal, show-
ing also that the relatively large volume of the tail boom
has not given deleterious force and moments generated by ro-
tor downwash.

It has been confirmed that a reliable 3D potential
flow numerical method is particularly useful in the prelimi-
nary definition and during the design of a helicopter of the
class above considered as a support of a wind tunnel program.

The flight tests results have confirmed the employabi-
lity of small scale wind tunnel facilities and numerieal sup-
port in an industrial rationale for the design of a light
weight high speed helicopter,

The future development of rotorcraft design will include
numerical programs in growing measure, and along this line
much more sophistication will be required for the modeling
of the totality of the aerodynamic field, including the rotors
wakes interaction, and a more satisfactory definition of 3D
viscous phenomena on bodles, typically transition and separa-
tion effects,
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