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ABSTRACT

This paper presents the computational analysis fofeet
dimensional (3D) flow over the generic model of IBRD6B
helicopter tail rotor blades using ANSYS Fluent Qunational
Fluid Dynamics (CFD) package. This simulation wdseals with
the comparative study of variation in an angle ttdak over the
blade at different speed which using thelshear stress transport
(SST) model. The model is utilized to predict thevf accurately
along with turbulence intensities 5% and 5% at ¢igjoinlet and
pressure outlet respectively. The meshing 3D gegmeis
performed on ICEM CFD package of ANSYS and the &itimn
was executed in the FLUENT package of ANSYS. Theution
results were validated by comparing with the experital result
that have already done before.

KEY WORDS: NACA 0012; lift coefficient ({; drag
coefficient (©); helicopter tail rotor blades; Bell B2Qt&k—w shear
stress transport (SST) model; FLUENT.

NOMENCLATURE

CL Lift coefficient

Co Drag coefficient

CFD Computational Fluid Dynamic

Detached Eddy Simulation
Shear Stress Transport

1.0INTRODUCTION

The propeller blade is the device that mainly usegdropulsive for
marine vehicles, airplanes and rotorcraft. As #@ isrucial part, it
has to be designed to meet power requirement aintlieated
speed with optimum efficiency. Now days, with gragridemands
for of higher speed and greater power, the propal®éecoming
increasingly larger in size and its geometry shiapeome more
complicated. Due this complicated geometry, theeller should
be optimally designed for increased propulsiorcaficy.

To predict the steady and unsteady propeller cheniatics,
many numerical models for propeller blade simulativere
proposed.

Recently, advanced Reynolds Averaged Navier StRASIS)
equations are well known for numerically predictfoliy turbulent
part of the flow field. Even though much accomptigint has been
achieved, essential problem still exists where dtamdard fully
turbulent RANS approach fail to give sufficientlgcarrate results
(Niels N. Srensen, 2009). This problem is duentme of these
models are sufficient to handle flows with sigrdfit transition
effects because of lack of practical transition eliog) (Unver
Kaynak, 2012). Nevertheless, transition predictibase shown
certain progress and utility by means of the walikn é' method
(Giles, 1987), some two-equation low Re-number ulahce
models (Wilcox, 1994), and some methods based parerental
correlations (Suzen, 2000).

The new correlation basgeReqg model (Menter et al., 2004)
and the Detached Eddy Simulation (DES) versiomekt-  SST
model (Strelets, 2001) is applied, in order to exeche flow
simulations. It is well known that the movementloé separation
point on the airfoil is highly influenced by thenianar to turbulent
transition process. Furthermore, it is well knowatttypical RANS
are not sufficiently accurate in massively separéitevs, and the
DES technique is applied to solve this problem.

In this study, 3-D computational result was obtdinsing the
FLUENT software for a generic model of Bell 206Bit@pter tail
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rotor blade airfoil. The aim of this study is tovéstigate the
prediction of aerodynamic characteristics of thertaor blades.
The kw shear stress transport (SST) transition modelisee in
conjunction with the build-in Reynolds-averaged Ma&Stokes
(RANS) solver. The results were compared with tlesults
gathered from previous experiment of a full-scajederic model
of Bell 206B helicopter tail rotor blade, conductedhe Universiti
Teknologi Malaysia- Low Speed Tunnel (Firdaus, 2015

20 THEORETICAL FORMULATIONSNUMERICAL
METHOD

2.1 Thek-® Shear Stress Transport (SST) Model

This model was implemented from two-equation Eddsegsity

turbulence models that were developed by MenteR @.994) to

efficiently blend the vigorous and precise formigdatof the ke
standard model in the near-wall region with theefseream
liberation of the ke standard model in the far field. This is
achieved by the conversion of theokstandard model into a ds-
formulation (Tousif Ahmed, 2013). The &-SST model is
comparable to the standardokmodel, but following improvement
are included:

a) Both the standard & model and the transformeddkmodel
was multiplied by a blending function and both medee
added together after that. The blending functioth&s one
activating the standardds-model in the near-wall region, and
it is zero away from the surface, which activatée t
transformed ks model.

b) The SST model
derivative term in the equation.

c) The transport of the turbulent shear stress isiated from
the turbulent viscosity definition that has beerdified.

d) The modeling constants are made different.

These features make the SS® knodel more accurate and
reliable for a wider class of flows (e.g., advepsessure gradient
flows, airfoils, and transonic shock waves) comgate the
standard ke model. SSTk-w model is given by the following:

%4_6(’;—:}6):P—[)’*pwk+ aixj[(ll"‘ Uk“f):_:j] @
201~ F)Peidile
2
Where ;
a .
P = Tija_l;;

integrated a damped cross-diffusion

1(0p;  Ou;
= 3(a* 50)
and the turbulent eddy viscosity can be shown as:
pak
He = max(aq,w, QF,

®)

An inner (1) and outer (2) constant was blendedefch of the
constants are done by:

¢=Fd+ (1-Fg, (4)
Where ¢; is constant 1 ang, is constant 2. And the other
functions are given by:

F; = tanh(argy)

o vk 500v\ 4p,.k
arg, = min (max ﬁ*wd' d2w 'CDkde
1 9k dw 10_20>

CDy,, = max <2paa,2 Za_x]-ax,- )

F, = tanh(arg?)
2 2 0
Brod’ d?w
Wherep is the densityy, = u; /p is the turbulent kinematic
viscosity,u is the molecular dynamic viscosityjs the distance
from the field point to the nearest wall, adid= /2W;;W;; is the

vortices magnitude, where
W = 1 aui au]-
A 2 Ox] axi

Lastly, the model constant are:

ox1 = 0.85 a,1 = 0.53, =0.075
o2 = 1.0, = 0.856 B, =0.828
B*=0.0% =0.41 o, =0.31

arg, = max[

()

2.2 Transition Model

The k-e&» SST transition model (Menter, F.R, 2004) as imgetad
within the RANS equations; solves for four trangpeguations,
such as the turbulent kinetic energy (k), spectficbulence
dissipation rate «f), intermittency 1), and the transition onset
momentum thickness Reynolds numkied;) equations.

The correlation betweertransport equation arkeg transport
equation are based transition model developed byté1€2004).
This framework is for the implementing empiricalredations
based transition criteria in general purpose fl@lvers, where,
structured, unstructured and parallelized solvean be used
together (Niels N. Srensen, 2009). The constanthisfmodel is
two transport equations, one for intermittemind one for the local
transition onset momentum thickness Reynolds nuiRbgr.
Mostly, the model relates the local momentum
thickness Reynolds numb8egto the critical valu®eg., and
switches on the intermittency production when Rleg is larger
than the local critical value. Based on series @fozpressure
gradient flat plate boundary layers, Sgrensen (R0@&e been
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determined the expressions for two missing coii@afiunctions
relatingReg. andFlengthtORVeet. The equation dependency of the
two correlations is approximated by the followingpeession:

Rey, + 12000 7.Reg; + 100
Reg. = B (“—) + 1+ (“—)

25 10
(6)
Fiengen = min | 150.exp [— 120 +0.1,30
™
Wherep is a blending function defined as:
_— 4
B Reg; — 100
- (1)
®

Figure 1 shown good agreement comparing betweeprédsent
correlation forReg, with the two correlations proposed by Toyoda
et al (2007) and Pettersson et al. (2008) atRey. Toyoda et al.
stated in his paper that the expression forihg,., parameter has
dimension of length, and not a dimensionless qtyaas it should
be. A direct comparison of the expression of Tayetlal. and the
presentFy.,4.nparameter therefore is not possible, other waydoun
the correlation proposed by Pettersson et al. gfund agreement,
shown in Figure 1.
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Figure 1. Comparison between the four target points from the

optimization and different correlation functions.

Note that, in the case of zero shear where there oduction in
the far field, as go to the turbulent will decagrfr the inlet value.
Itis shown in Eqgn. 10, the farfield value can brmeated to control
the level of turbulent kinetic energy at the bouydayer edge,
reference (R.B Langtry, 2006):

_E
k = Kiniee(1 + winiecBt) #,
9)
wheref = 0.09, andg* = 0.828

3.0 AXIAL, NORMAL, LIFT, AND DRAG FORCE
DIRECTIONS PROCEDURE

The force coefficient F£and F are parallel and perpendicular to
the chord line of the blade, whereas the more usaedfficient
and b are defined with reference to the direction offtke-stream
airflow. (E.L Houghton, 2013)

Figure 2: Definition: axial, normal, lift, and drag forcerdctions.

The conversion from one pair of coefficient to tither may
be carried out with reference to Figure 7 whidiristhe coefficient
of the resultant aerodynamic force, act at an antgd~. Fr is the
result both of k and F and of k and bp: therefore, based on the
Figure 2, it can defined that

FL = Freos § + o) = Frecosy cosa — Fr siny sina (10)
But Frcosy = Fy and kR siny = Fx, so
The lift force can be calculated by:
FL = Fycoso — Fx sina (11)
Similarly, the drag force also can be calculated by
Fo = Rrsin (y + o) = B sina + Fxcosa (12)
And finally, the coefficients are given by the taaships
Lift coefficient, C; = 1i

EpVZS

13)
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Fp
1 vz
2pVS

Drag coefficient, C;, =

(14)

4.0 DESCRIPTION OF THE PHYSICAL MODEL

4.1 Airfoil Blade

The model was based on the actual scale of a gemexel of the
tail rotor blades Bell 206B helicopter, as showrFigure 3. The
blade was 720 mm overall length and has 134 mntheofthe
chord.

The airfoil profile of the blade is near similar 'ACA 0012
series, with maximum thickness 12% at 33% chorghasvn in
Figure 4. In this study, 3D CAD geometry blade maeshows
in Figure 5 has been generated in AutoCAD will seduin this
simulation.

Figure 3: The generic used model of tail rotor blade BelDB2

——

- X - % -

- 134 mm -

Figure 4: Airfoil profile of tail rotor blade.

4.2 Solution Grid

The 3D CAD model of the tail rotor blade was impdrtin the

Design Modeler and the 3D block domain has beeergéad, as
shown in Figure 6. Figure 7 and Figure 8 showstikehing of 3D
block structured hexahedral grids were created hia pre -

processor ICEM-CFD. This pre-processor is the cdemqrogram
were can be used to generate structured or unstegcimeshes
consisting of quadrilateral, triangular or tetrateé@lements of 2D
and 3D models. In this case, the mesh for the bhadéel is an
unstructured type, consisting 2,536,280 cells 8@ 87 nodes.

[l e |l < i min altk M
Figure5: The 3D CAD model of tail rotor blade from Bell B20
using AutoCAD.
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Figure 6: 3D block geometry in ANSYS Design Modeler
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Figure 7: 3D block structured hexahedral mesh
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GENERAL
Solver Type Pressure-Based
Velocity Absolute
Formulation
Time Steady
MODELS
Figure 8: Close-up view of the meshing around the blade model Viscous | Transition SST
MATERIALS
Air Density = 1.17 kg/rh
5.0SIMULATION METHOD SOLUTION Viscosity = 1.859 x 18
SETUP kg/m-s
In order to validate the present simulation proc#ss operating BOUNDARY CONDITIONS
conditions are mimicked to match the operating @ s of the Gauge Pressure | 0 Pascal
experimental works conducted previously in the @rsiti Temperature 298.65K
Teknologi Malaysia- Low Speed Tunnel (Firdaus, 20IEhe Operating Pressure 101325 Pascal
velocity inlet (Figure 9) for the simulation weretgrom 5 m/s to Turbulence
40 m/s, corresponds to a Reynolds number basedfoit ehord Specification Intermittency, Intensity
from 0.419 x 18to 3.352 x 1Band angle of attack of 0, 5, 10, 12, Method and Viscosity Ratio
15, 18, 20, and 25 degrees. The free stream tetnpeia 298.65 Intermittency 1
K, which is the same as the surrounding air tentpega The Turbulent Intensity| 5 %
density of the air at the given temperature is 1.17kg/m® and Turbulent
the viscosity ig1 = 1.859 x 10~°kg/m-s. Viscosity Ratio | 10
In this study, it is assumed that inlet velocitys&ne turbulent SOLUTION METHODS
as pressure outlet. So, for velocity inlet boundapndition Pressure-Veocity Coupling
turbulent intensity is considered 5% and for pressautlet Scheme [ Coupled
boundary is also considered 5% as recommended b3YA\ Spatial Discretization
Whlch state the inlet boundary. c.:ondltlon turbulle.rrttensmes is Gradient Least Square Cell Base
ranging from 1% to 5%. In.addmon, turbulent visitp was set to Pressure Second Order
10 for a better approximation of the problem amnemended by Momentum Second Order Upwind
ANSYS. Turbulent Kinetic | Second Order Upwind
Table 1 shows the ANSYS FLUENT setup forok-SST
transition model before the simulation are executed Energy -
Momentum Second Order Upwind
Thickness Re
SOLUTION CONTROLS
SOLUTION Explicit Relaxation Factors
Momentum 0.75
Pressure 0.75
Density 1
Body Force 1
Turbulent Kinetic
Energy 0.8
Momentum
Position of Airfoil Blade L Thickness Re | 0.8
- ; . . Turbulent 1
Figure 9: Domain mesh of FLUENT simulation Viscosity

Table1: ANSYS FLUENT setups for ke- SST transition model

Published by International Society of Ocean, Meaterand Aerospace Scientists and Engineers



Journal of Aeronautical
-Science and Engineering-, VoI.2

May 20, 2015

6.0 RESULT AND DISCUSSION

Drag coefficient

Lift Coefficient

CD at Velocity = 15 m/s

CL at Velocity = 15 m/s
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Figure 10 (a): Drag and lift coefficient of the blade model afféient air speed and angles of attack.
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Figure 10 (b): Drag and lift coefficient of the blade model atfelient air speed and angles of attack.

Figure 10 (a) and (b) show the comparison efddd G values
between numerical and experimental works for vanabf wind
speed and angle of attack.

It is observed that the numerical results give srably good
tendency against the ones from experimental wditkis. tendency
starts improving with an increment of Reynolds nembThe

results for the drag coefficient §Cshow that there is quite good
agreement between the experiment and computatiesalts. On
the contrary, the prediction of computation for tiftecoefficient
(Cv) slightly overshoot against the experimental ressul

Although the predictions of ks-SST transition model do not
fully agree, the relative agreement is still reada as both
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computational and experimental, at least agretisedrend of the
lift and drag coefficients as the Reynolds numihemges.

In case for low Reynolds number flow conditionsdicting
the drag coefficient becomes even more problemaiize low
Reynolds number airfoils normally exhibit laminagparation
bubbles, which are known to significantly affect therformance
of an airfoil blade. As for increasing the Reynotdsmber, the
ability of prediction of drag and lift coefficietiecomes easier for
the flow solvers because the flow is no longer fani and
turbulent boundary layer is effective on the sugfa the airfoil
blade beginning from the leading edge.

7.0 CONCLUSION

The computational analysis of three dimensional)(8&w over
the generic model of Bell 206B helicopter tail mobtades using
ANSYS FLUENT based on ks-SST transition model has been
demonstrated. The solutions obtained from FLUENTu$ation
are compared with the experimental result (Fird2045), and it
is noted that the prediction gives a good agreenfentthe
inclination of the lift coefficient and drag coefi@ent, although over
predict at low Reynolds number flow conditions. vigheless it
is conceded that there could be discrepanciesthétiexact data of
the 206B rotor tail blade since several assumptiaaksbeen made,
and also due to some limitations of experimental simulation
works.
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