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EXPERIMENTAL serodyramicstudies
on a gereric model of the helipcopter
by Eurocopter Frarce, was based ona
prototype of the 250Z model. Figure
1{a) showss the actual 2R0Z protohype
ard the gereric scaled dowmn model in
Figure 1(b) respectively.

The model, was equipped with
a high torque motor that can motate

1]
Figure 1{a) Eurampter 355Z Helicopter Fratotype

(B} A genenc 3557 model with 1:7.128 sraked-
dawn

i

Figure 2: Model with shart biade during testing
at UTRLLAT (loaking downstream)
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the main rotor up to F00rpm during
vird-on corditions but with o tail
rotor [1]. The mmodel had been tested
attkhe UTM-LET on March 2008,

UTM-LET iz a dossd crouit
returred type turel with a test
section of 2 (width) x 1.5m (hedght)
x B.8m (length), ard a maximum wind
speed of 80m /5. In this serodynamic
irerestipation. both turnels used short
blade configuration for the main rotor
blade. The short blade is 025m in
radius, which is one-third the original
blade lergth.

TEST DESCRIPTION

The zerodynamic load test wsing the
external Ecomporent balance has aca-
pability to determire the serodyrnamic
loads, namely, three forces (lift, drag
and side) and three moments (pitch-
ing, yvawing and rolling). The Balarce
Mornert Cerntre (BIMO) for this halarce
iz at the centre of the wind turee] test
section Figure 2 depicts the irstalled

tniode] during testing af TITM-LET.

The serodynamic loads obtaired
are then rormalised to a ron-
dimersional with dynamic pressure
ad area The refererce area taken for
thiz rormalization iz m? where viz the
main rotor radivs,

(il Reynolds Sweep

To select the appropriate test speed,
a Feyrolds sweep needs to be
ootrducted to determine at what
velocity the aprodynarmic coefficients,
i.e drag coefficiert, become stable or
irdeperdent of welocity. For this, a
Feyrolds sweep was corducted af
zero yaw ard pitch angle, with wind
speed warying from 10ms to B0m/s,
with 10 /= irderwal.

Fesults in Figure 2 shows that
Hmss and abowe are the speeds
where the zserodynamic coefficlent
will becomne indeperdent of welocity.
Hence, wird speed of 40ms, which
correspords to the Reyrolds number
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Fiaure 3: Grag mefficient Repnaids sweep for three different main ratar rpm
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Figure 4: Flow chart of data reduction {3-4]

of 3.7 x 1(¥, was selected to be the test
speed throughout this testing,.

(ii) Test Configurations

The test configurations conducted at

UIM-LST, with the blade angle set

at -6.5" and rotates counter clockwise

from plane view, is as follows:

i) Comparison with Marignane
France test results

iy At zero wind speed, varying the
rpm of main rotor

iify Atwindspeed of 40m,s, varying
the rpm of main rotor

The moments were then transferred
from BMC to the models centre of
gravity. All resulfs presented in this
paper are in wind axes coordination.
Figure 4 shows the flowxchart of data
reduction.

RESULTS AND DISCUSSION

{0 Comparison witf Marignane Test
Results [1]

For this, tests were done af similar
configurations as tests in Marignane,
ie ftest wind speed was at 40m/s
and main rotor rotation was 300rpm,
except that the yvaw and pitch sweep
range for UTM-LST was smaller (-10°
to 10%) compared to Marignane (-12°
to 129).

Figures 5 to 8 shows that both
tunnel resulfs are in a good trend and
agreeable with each other. The other
aerodymamic coefficients are also in
good agreement for both tunmnels.
Nevertheless, it is noted that the
graphs do not exactly coincide. This
discrepancy is due to the fact that the
resulfs shown here have not yet been
corrected due to the blockage and
interference of the model support
systems.

The Marignane wind tunnel is
an open fest section of the Eiffel type
tunnel with semi guided air-returned.
It is a free test section measuring 3m
in diameter and 2.7m in length with
a maximum wind speed of 45m,s.
Hence, the correction factor for each
tunnel is different. It seems plausible
that after correction, both results would
be almost similar.

(i) At zero wind speed (hovering),

varying the rpm of the nain rotor

This test was conducted to determine
if the short blade is contributing to
aerodymamic 1ift or not. For that, the
test was conducted at zero wind speed
with variafions of the main rotor rpm.
Surprisingly, the blade rotafion has no
effect on the aerodymamic lift. It may
be due to the shortness of the blade
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Figure B Pitching mament cagffident at rero pow

ard the blade's setting angle of .5
The lift force wmas recorded at 080D
ard OO at F00rpm ard F0rpen re-
spectively. Further irsestigation is re-
gquired to confirm these results.

{it}) At 40mis wind speed, vawing
the rpm of the main rotor

Figure 9 irdicates, as predicted, that
the drag ircreases with vaw angle.
Hovewrer, it seems that the main rotor
rotation has almost 1o effect on the
arodynamic drag at zero yaw ard
pitch angles.

Figure 10 shows that the rpm of
the tnain rotor with short blade, at
zero pitch and yawr angle, clearly has
tro effect on the T walues. However,
this may be true only for this specific
caze, i.gthe main rotor blade is at one-

third of the actual length

Fesults also depict that the assem-
bly of the main rotor hub, including
tre short blades, cordribites about
25% of the overall CD of this helicop-
ter model. Therefore, it can be con-
cuded that the asrodynamic design
of the assembly of the main rotor hub
is wery crucial as it significartly af-
fected owerall drag,.

Irterestingly, the graphs also showr
that there iz 1o clear relation betveen
the main rotor rpm with the aerody-
nammnic loads. Further ireestigation is
required to confirm these results.

Lz the model demonstrates
characteristics of Cw, =—we ard Cy,
= +ye , lenice it be concluded that it
is statically stable in the longitudinal
and lateral mode [2-5].
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Fiaure 7: Sideforoe cefficient for -6 deg pitch at 205mm

Yaw Moment Coefficient (Pitch -6 Deg, 300 rpm)
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Figure 9: Grag cagfficient dunng pitch sweep at different rom

CONCLUSION

Fesults comparison made for UTM-
LE3T ard Maripnane turrels show
a good agreemert with each other.
Throughout this paper, results of the
aerodynamic loads in a wariation of

pitch and vawr angles, as well as the
tnain rotor rpin sweep, on a gereric
250Z model kelicopter had  been
preserted.

It iz fourd that with short blades,
for this specific blade length and blade

[ Fa b connirued on page 23)
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Figure 35: Pitch and paw mament characterictics far different main rotar rpm

pitch angle, the main rotor rpm has a
very small influerce on the aesmdy-
narnic drag at zero yaw ard pitch,

Fesudte alan irdicate that af zemo
pitch ard yaes, the main rotor hub as-
sembly contribiutes about 20% of the
model’s total serodynamic drag. In
termns of stability analysis, results dem-
orstrate that the model is stafically
stahle.
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