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Abstract

The aerodynamic characteristics of an isolated MR& 9

helicopter fuselage have been investigated usingpDtational
Fluid Dynamics (CFD). Simulations utilised an unetwed
tetrahedral grid and both theskand ke SST turbulence models
were investigated. Standard ‘law of the wall’ wlalhctions were
incorporated, along with a segregated finite volusaéver. A
wind tunnel testing program was also undertakempruvide a
benchmark for comparison. Reasonable levels of aggrewere
obtained between numerical and experimental reswith the
majority of cases falling within ten percent. Prtidin of drag
values was found to be the most difficult, whicHikely to be a
function of the inability to fully resolve the bodary layer. It
was proposed that errors in lift and side forcesesreme
orientations could result partially from wind tuhnsupport
interference effects.

Introduction

Flight dynamic models enable research in suppo/ugstralian
Defence Force (ADF) aircraft operations. These rsodee used
to fulfil a wide range of roles, from operationatadysis and
training to Human Machine Interface research andidaat
investigation. Construction of high fidelity fliglhdynamic models
is only possible if detailed knowledge of aircratrodynamic
and dynamic characteristics of the various elemisngvailable.
One such component for a rotary wing aircraft esfirselage.

Helicopter fuselage aerodynamics have a significffect on
performance and flight characteristics, particylar forward
flight. While comprehensive knowledge of this dasaoften

gained throughout the development and testing phase

manufacturers can be reluctant to release suchniafion as it
represents a significant investment of time and eyorn these
cases this data needs to be obtained using akemedns.

Numerical and experimental aerodynamic techniquesh b
present themselves as possible solution methods tlier
generation of the required data. This study inweltre analysis
of the aerodynamic characteristics of an isolate®RHV90
fuselage using Computational Fluid Dynamic (CFD) réghes.
The MRH 90 is a medium lift utility helicopter dewepled by NH
Industries, currently being acquired by the ADFpast of the
AIR 9000 project.

Numerical simulations were performed over a rarfgew angle
of attack and sideslip combinations at a singlediairspeed. A
wind tunnel testing program was also undertakenaotv3d'
scale model in an equivalent configuration in ortteestablish
the degree of accuracy of the numerical simulati@mnparison
of resulting forces and flow structures between tiveo
techniques was performed.

Simulation Setup

The commercial solver ANSYS FLUENT was utilisedtiwihe
primary focus being on the &-Shear-Stress Transport (SST) and
k-g turbulence models. A ‘cleaned up’ CAD model of MBH
90 Fuselage was analysed, with the rotor hub,a@ad boom,
undercarriage and external accessories removed.

The mesh was generated using the commercial meghilg
GAMBIT. An unstructured tetrahedral grid was uglis with an
average surface y+ of 50, which is used to defin@oa-
dimensional distance from the wall. Standard Idbaric ‘law of
the wall’ functions were used on the model surfddee to the
limited amount of available computer hardware, thesh was
split into sections to improve efficiency. The mbdand
immediate surroundings were placed within a smaX, lwhich
contained the smallest cells with a low expansaiior The outer
regions were split into two sections, both havingch higher
growth rates. This effectively limited the numbdr aells and
resulting memory requirements for each individuaésting
operation, allowing a larger mesh to be generafgnificant
refinement was performed behind the model in otdetapture
the behaviour of the wake. The mesh close to thdelrie shown
in Figure 1.

The final simulation runs were performed using tken
turbulence model, using the SST correction by Menidis
model uses a blending function to transition itite k€ model in
k- form in the free shear layer, which reduces thesigigity to
free stream values @ [1]. The outer domain dimensions were
set to match those of the wind tunnel used in emxpmmts, and
the flow was consistently aligned within the domattow angles
were generated by rotating the model about it$@td roll axes
in a similar fashion to the experimental set upisTdllowed the
domain size and refined wake regions to remairsttree for all
orientation angles, but did require that the meshirocess was
repeated for each case.
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Figure 1: Mesh close to model surface



The inlet boundary condition specified similar tuldnce
intensity conditions to measured values in the wiimthel, and
the length scale was based upon the domain sizeletOu
conditions were constrained using a Fluent outflow.

Simulations were performed using Fluent's segrebdieite

volume solver, using a SIMPLE pressure correctiethod. This
uses a pressure correction factor and iterates bi@iro a
conservative solution [2]. First order upwind adi@t schemes
were required for a fully convergent solution todi#ained. It is
likely that further mesh refinement would be regdirfor higher
order schemes to be used successfully.

While grid independence was not able to be obtaimigttin the
available hardware constraints, mesh dependendiestshowed
that for a 15% increase in the number of cells mdotihe surface
the variations in forces were less than two percé&st was
mentioned earlier, the dimensions of the outer domeatched
those of the wind tunnel, and studies showed thatirlet and
outlet were sufficiently far away from the modelhave minimal
effects on the final solution. Overall variations drag results
between the k-and ke» SST turbulence models were found to be
in the order of 15%, with the &-model consistently over
predicting pressure drag and slightly under prétictiscous
drag when compared to theukSST model. This also meant that
variations of up to five percent were present ia lift and side
forces between the two models. The drag resultstHertwo
turbulence models are presented in Figure 2. Thel winnel
results are included for comparison.

Experimental Setup

Wind tunnel testing was performed in the 7’ x 9’ TS Low

Speed Wind Tunnel (LSWT). The model was construatéd
polycarbonate, using an identical geometry to the wsed in the
numerical simulations, which was approximately 1/3@ale. A
detachable tail was incorporated in the modelwafig testing to
be run both with and without the tail. The six campnt force
and moment balance was located within the modeichwivas

mounted from behind using a sting column. Aerodyicaangles
were achieved using various combinations of pitath @ll about
the sting column axes, and the test matrix coverednge of
approximately +30° angle of attack and sideslipe Timnel was
run at 70m/s and transition strips were used artl@chose in an
attempt to ensure a fully turbulent solution. Smelaialisation

was used at the end of the testing program to wbgke location
of dominant vortices and other major flow charastas.
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Figure 2: Drag Coefficient results forckSST and ke turbulence models
at zero degrees sideslip.

Results

The results for drag, lift and side force coeffiteare shown in
Figures 3 to 7 for various angles of attack anedig. Simulated
results were generated using the ISST model. Drag and lift
are presented as a function of angle of attapkwhile side force
is shown as a function of sideslip andi§ (

At low angles of sideslip, simulated and experiraérdrag
results show some discrepancies, particularly betwd5° and
10° angle of attack. This can be seen in the 08s$ijgl case in
Figure 3. The highest variations are present atcegpately -5°
angle of attack. The wind tunnel results appeahawe a flat
section between 0° and 5°, moving the point of stvelsag closer
to 0°. This does not appear to be replicated in rthmerical
results, with the lowest drag occurring at arouridafgle of
attack.

As the magnitude of angle of attack increasesether between
the two sets of results decreases significantlggchiang zero at
+20°. At +30° angle of attack some errors reappbamvever
these remain within 10% as the overall magnitudehef drag
coefficient has increased. It appears that for lamgles of
sideslip the predicted drag curve has a lower sltpen
experimental results. This suggests that at moteeme angles
of attack the errors are likely to continue inciegs

At 20° of sideslip the simulated drag at zero angfieattack
matches the numerical results quite closely, akdsvn in Figure
3. Lowest drag occurs for both at around 5°, afidtgportion is
no longer observed in the low angle of attack negid the
experimental results. As the angle of attack males/e 10° or
below 0°, discrepancies between the measured aedicpd
results emerge, increasing proportionally with thagnitude of
the angle. The calculated results appear to camigtunder-
predict drag at high angles of sideslip. This oageain points to
the simulated results under predicting the drageslo

Comparison of the lift coefficient at low angle afleslip was

found to show high levels of agreement for all esgif attack, as
can be seen in Figure 4. Even at the most extreniges

differences were less than 10%. Lift results wesenposed of
two key sections, high and low angle of attack. Bomall

magnitudes of angle of attack, the lift curve slopas at its
lowest, while the highest slopes were found ateemér angles of
attack. Both regions were essentially linear, aschaoth change
in slope was present between the two regions.
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Figure 3: Drag Coefficient at high3£20°) and low [§=0°) angles of
sideslip
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Figure 4: Lift Coefficient at low sideslip anglp=0°)
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Figure 5: Side Force Coefficient at low angle ¢t&ek @=0°)

At high angles of sideslip, an almost constantedéhce is
apparent between the simulated and experimentailtsefor

angles of attack larger than 10°, as can be se€igiure 6. This
corresponds to a shift to the right of the zerbdiigle of attack
from approximately 3° to 5°. At lower angles of aak the
experimental results show a consistently lower diftve slope
than the numerical results. The lift curve slopete simulated
results appears to decrease slightly at below Rgfeaof attack,
while the experimental results show a distinctéase.

Numerical and experimental side force results sliowcellent
agreement at low angle of attack between +10° es can be
seen in Figure 5. Side forces were symmetrical athmusideslip
axis for both cases. In a similar fashion to tffteréisults, two key
sections were evident in the side forces depenalinthe sideslip
angle. Moderate angles had the lowest slope wihiée rhore
extreme angles showed the highest gradients. At aigles of
sideslip the agreement between the simulated apdriexental
results was poor, as the two had quite differeadigmts. This
change in slope was considerably more noticealle ith the lift
results, while the variations between the two meshat
moderate sideslip angle were lower than in the lift
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Figure 6: Lift Coefficient at high sideslip anglg=@0°)
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Figure 7: Side Force Coefficient at high anglettdek @=20°)

At high angle of attack the side force trends wenseersed, with
the highest gradients experienced at low magnitudesdeslip
angle. In these cases, the numerical results shaeedistent
under-prediction with respect to experimental rssiubr all
sideslip angles, as can be seen in Figure 7.

The variations between experimental and simulatezmemt
results followed similar trends to those exhibitedift and side
forces, and due to space limitations have not lpeesented here.
In general, pitching moments showed reasonableeagget at
low angles of attack, but did not agree well athhi@ngles.
Similarly, yawing moments matched almost exactly l@av
angles, but the same divergence characteristicsaagg as in the
side forces. Rolling moments were deemed to not Iphysical
significance and as such were not considered aildet

Discussion

It was found that the flow structures could be safgal into two
distinct cases. The first was at low magnitudearafle of attack
and sideslip, where the generated lift and sideefwere of a
relatively low magnitude, and the second was atenettreme
angles (beyond £15°). At extreme angles, strondices were
released from the wheel fairings and the rear ef ribtor hub.



These can be seen in Figure 8, showing a vectorepbd flow
velocity perpendicular to the flow at the rear lo¢ tmodel. The
model was at a negative angle of attack. As careles, in this
case two sets of vortices are produced. The inaer@sult from
the flow travelling from the lower portion of thailt into the
wake directly behind the model. The outer pair iteBom the
flow travelling around the wheel fairings furtherfvard on the
model. As can be seen, these have a much greé¢et eh the
overall flow field. The flow was found to reverseeattion as it
passed around the rotor fairing at the top of thedeh which
combined with the vortices generated from the wifegghgs.

Figure 8: Flow Structures in Vertical Plane at Refavlodel @ = -15°)

It was found that these vortices allowed the flowv remain
attached on the rear surfaces even at very higleswogattack. It
is probable that this behaviour explains the apygaransition in
lift curve slope witnessed in both the lift and esifbrces at
around +10°. As the angle of attack increases leybis value,
two things occur. Firstly, the amount of generaiéidoecomes
sufficient to create enough of a pressure difféeabietween the
upper and lower surface to produce a pair of streodices,
originating from the lower surface. Secondly, theodel
orientation is such that these vortices pass djrecter the rear
of the upper surface of the model, which appeagréwent flow
separation. The same processes occur at negatiglesanof
attack, however in this case two sets of vorticqesgenerated as
the flow travels around the rotor hub and the wliaeings. This
allows the transition from the first case to theos®l to occur at a
lower magnitude of angle of attack. Similar proessalso occur
as the sideslip angle increases.

The most significant variations in drag resultswesn the wind
tunnel and simulations were experienced at low englattack
and sideslip. In this region, the pressure compbogdrag is of
a similar magnitude to the viscous drag. It islifkiat the use of
wall functions lead to increased levels of diffusivin the

boundary layer, increasing the component of visairag. As the
angle of attack and sideslip increases, the pressomponent
becomes much more dominant, leading to more aceulag
predictions. It appears that at high angles ofcktend sideslip
the simulations are tending to under predict ditgs is most
likely predominately due to the variations in Bitd side forces,
as is discussed in the following section. The lovierces

predicted by the simulations produce smaller vesjchence
reducing the amount of pressure driven induced.drhgse two
effects appear to cancel each other out in the afdsigh sideslip
and low angle of attack, as can be seen in thesi@@lip curve
in Figure 3.

The ke turbulence model was found to consistently ovedjat
drag when compared to theakSST model. It is likely that this
occurred as a result of the tendency af ikkodel to over predict
the turbulence length scale in the near wall reg{Gh

In contrast to drag results, lift and side forcsults agree best at
low angles of attack and side slip. In this cake,dontributions
of viscous forces to lift and drag are minimal.extreme angles
of attack and sideslip, the predictions were fonotito be very
accurate. While it has not been possible to prbig it has been

proposed that the interference effects of the stimigmn in the
wind tunnel could have significantly disrupted thew in the

wake of the model. The sting would have been mrgosed at
extreme angles, and is likely to have had two &ffethe first
would be a modification of the pressure field ire tivake,
potentially leading to differing amounts of lift @rside forces
being produced. The second effect would have beklockage
effect, with the sting possibly preventing the flékem passing
across the rear of the model. In the case of extrangles of
attack and moderate sideslip, this would have prethe flow
from passing from the lower surface to the uppenice versa.
As can be seen from Figure 8, a significant vertoanponent of
flow is present across the lower back end of thedehdargely as
a result of the combination of vortices. This wolldve been
significantly reduced with the addition of the sgtirtolumn,

leading to an increase in the magnitude of the allvéft as the

supports became more exposed. This effect is likkehyave been
even more pronounced in the side forces, as therlawar
portion of the model, which in the experiments lealithe sting,
was flat. This appears to be supported by the @bderesults.
Experimental values of lift and side force wereaddignificantly
higher magnitude in the extreme angles, where tposure of
the sting column and vortex activity were greatgstrther
clarification of these effects could be obtained bither

performing further wind tunnel analysis to inveati®y support
interference effects, or modifying the CFD modeirtore closely
model the experimental configuration.

Concluding Remarks

A combined experimental and numerical study wafopeed on
the aerodynamic characteristics of the isolateelage of the
MRH 90 helicopter. Results of this study are to kibsad to
improve the fidelity of future flight dynamic modeffor the
aircraft. Numerical simulations were performed gsira
commercial CFD package with an unstructured meshl an
experimental testing was done using a low speed winnel.
While memory constraints dictated the degree oftmresolution
and resulting degree of accuracy that could beimddain the
numerical solution, reasonable levels of agreemené achieved
over the majority of the angle of attack and sigesinge.

Drag predictions were best in the moderate to higlyle
combinations, and it was concluded that the primamjtation

was the inability to properly model the viscouscks using wall
functions. Lift and side forces were found to shhwghest
agreement at low angles, with significant increasetevels of
error at extreme angles. It was proposed that windel support
effects may have played a major role in this.

It was found that vortex activity became the dominfow
characteristic above angles of attack and side$lground +15°.
This was demonstrated in the wind tunnel experisjeand
predicted in a similar fashion using CFD.

Future work would include improving the numericabadel to

more closely represent the experimental configomatiwith

possible scope for further experimental runs tcegtigate the
support interference effects. It could also incldéeelopment of
the numerical configuration in order to better rhatee full scale
characteristics of the aircratft.
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