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Abstract—The aerodynamic stall control of a baseline 13-@erc
thick NASA GA(W)-2 airfoil using a synthetic jet mator (SJA) is
presented in this paper. Unsteady Reynolds-averbigeibr-Stokes
equations are solved on a hybrid grid using a comidlesoftware to
simulate the effects of a synthetic jet actuateated at 13% of the
chord from the leading edge at a Reynolds number R4 x16 and
incidence angles from 16 to 22 degrees. The expetahdata for the

pressure distribution at Re = 3*®18nd aerodynamic coefficients at

Re = 2.1x18 (angle of attack varied from -16 to 22 degreeshouit
SJA is compared with the computational fluid dyranfCFD)
simulation as a baseline validation. A good agreenoé the CFD
simulations is obtained for aerodynamic coefficcemnd pressure
distribution.

A working SJA has been integrated with the basedim®il and
initial focus is on the aerodynamic stall contrblaagles of attack
from 16 to 22 degrees. The results show a notiegatgprovement in
the aerodynamic performance with increase in liftl @lecrease in
drag at these post stall regimes.

Keywords—Active flow control, Aerodynamic stall, Airfoil
performance, Synthetic jet actuator.

|. INTRODUCTION

HE aerodynamic performance of any airplane is piilsna

dependant on its lifting components such as wildge

modern aircraft design uses different high perforoea
airfoils blended in the wing to give the optimizeerformance.
The performance parameters such as the cruise ,Sjpéeebff
and landing distances, stall speed, handling deslit
(especially near the stall, and overall aerodynagfiiciency
during all phases of flight [1] are related withetkairfoil
performance. The airfoil used in this study is ap&Bcent
thick airfoil derived from the NASA GA(W)-1 airfail The
airfoil has been designated as General Aviationi{d@mb)—
number two airfoil (GA(W)-2), designed for geneealiation
applications [2].

Presently, a sizeable aerodynamic community isistrito
explore the ways to enhance the aerodynamic peafocen of
the designed airfoils. Some novel techniques sushthe
synthetic jet actuators are being actively devedope the flow
control and stall delay devices. By the applicatminflow
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control strategies, the airfoil characteristicsgtsas lift, drag
or pitching moment may be optimized without chaggamgle
of attack or flap deflection. Consequently, theiwectflow

control methods may apply to a large variety ofgpems, e.g.
changing lift for rotary wing aircraft [3], achieng lower radar
cross-section aircraft, delaying aerodynamic dtalenhance
maximum lift [4] or drag reduction.

The initial applications area conceived for thethgtic jet
actuator was for the acoustic problems by IngatdLi&ter, its
application to flow control problems was re-disc@ee and
developed by Glezer and co-workers [6] — [9] anthx@inz
[10]. A synthetic jet actuator is a device thateaiatively
injects and removes fluid through a small orifideaagiven
frequency, so that the net mass addition to the iozero but
its net momentum flux is not zero [11].

The working principle of the synthetic jets is vesimple.
An oscillating piston attached with the flexible migrane also
called as the diaphragm generates a fluidic jee fliidic jet
has a pulsed motion resulting from the alternasivetion and
blowing through a small orifice segments. At a jcaitr jet
Reynolds number, the fluid separates from the awifip and
results in the formation of a coherent jet into flnéd above it.
As pointed in Ref. [12], for sufficiently high anijpides, a
non-symmetric or directed flow is established drept point
source of momentum, with no net mass injection.

The synthetic jet actuators are used to stabifizdobundary
layer. The periodic addition/ removal of the monuemtflux
to/from the boundary layer with the formation oé thertical
structures can stabilize the boundary layer. Thdopmance
and efficiency of any synthetic jet is greatly degent on
various parameters such as the frequency amplitadd,
location of the actuation. An extensive parameftiady is
necessary for optimizing the control parameter$.[13

Il. COMPUTATIONAL WORK

The shape of the airfoil used in this study is shawfig. 1.
The computational grid for aerodynamic stall cohtom
baseline NASA GA(W)-2 airfoil and with the appliaat of
synthetic jet actuator is shown in Fig. 2. The Ilgpeed
aerodynamic characteristics of this configurationerev
experimentally performed in Langley low-turbulermessure
tunnel [2] over a Mach number range from 0.10 ®60.The
chord Reynolds number varied from about 2.6xb09.0x16.
The geometrical angle of attack varied from ab&Gf 1o 22°.
The pressure distribution of the baseline airfsiréported in
Ref. [2] at Re = 3x10
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The Reynolds number and Mach number selected f&JA at near and post stall regimes.

controlled and uncontrolled cases are 2.fx®hd 0.15
respectively. The flow angle of attack in case néantrolled
simulation is varied from -10° to 22° for validatiovhile
effect of synthetic jet actuator is simulated at, 1188°, 20° and
22°, post-stall regime. The pressure distributisnmatched
with experimental results at a Reynolds numbemxdf3
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Fig. 1 Shape of NASA GA (W)-2 airfoil
A. Grid Generation

The O-type structured grid is generated on the lingse
airfoil of chord length of ¢ = 601 mm. The hybrididyis
generated when synthetic jet actuator is placet3&t chord
location, measured from leading edge. The orificBIA has a
width of 0.25% of the chord length. The mesh dstat both
cases are listed in Table I.

TABLE |
MESH STATISTICS OFBASELINE AND CONTROLLED NASA GA (W)-2
AIRFOIL
Case Type Cells Faces  Nodes y
Baseline | oiictured| 31360| 62944 315d4 <1
(uncontrolled)
Controlled |\ iq | 30073 | sooss| 40112 <1
(with SJA) Y 1

The grid is generated by using a commercial so@yar
“Gridgen”. Fig. 2 shows the mesh created for thiglg. Fig
2(c) shows the unstructured grid inside the syithgt
actuator with boundary conditions applying to theptragm.

B. Flow Solver

The Unsteady Reynolds-Averaged Navier-Stokes (RANS)
equations have been solved using a commercial GHzrs
“Fluent”. The Spalart-Allmaras (S-A) turbulence nebds
used. The S-A model is effectively a low-Reynoldsaber
model, requiring the viscous-affected region of twmndary
layer to be properly resolved [18].

IIl.  RESULTS ANDDISCUSSION

The study is carried out in two steps. Firstly, gressure
distribution (G) and aerodynamic coefficients (@nd G,) of
the baseline airfoil are validated with the avdiab
experimental data for a particular Reynolds humBercondly,

is studied. The overall scope of this work involvde
determination of the optimized location for the gament of
the SJA and then effect of the variation of theillzion
frequency and amplitude. However, the present sagan
initial step is limited to find the functional befiieof using the
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o © T Fig. 3 (a) Mesh around controlled NASA GA (W)-2fair with
the effect of synthetic jet actuator on aerodynacoiefficients  synthetic jet actuator, (b) Unstructured mesh imsie synthetic jet

actuator with boundary conditions

A.Pressure Distribution over Baseline Airfoil

The pressure distribution over the baseline aidoihpared
with experimental data at four different anglesatfack is

910



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:4, No:9, 2010

presented in Fig. 4. The CFD results are in a \wergood
agreement with the experiment.
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Fig. 4 Pressure distribution over the baseline#ist Re = 3x16and M = 0.154, CFD; o0, Experiment)
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Fig. 5 Aerodynamic coefficients of baseline airfaibmparison of CFD and experiment(CFD; o, Experiment)
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B. Aerodynamic Coefficients of Baseline Airfoil

The lift and pitching moment coefficients of baseliairfolil
is presented in Fig. 5, compared with experimemtsilits. The
CFD results are predicted well in the linear regianile in
post-stall regime, a variation in the aerodynanoiefficients is
observed, a typical limitation of the RANS.

C.Results of Controlled Airfoil

The momentum coefficient corresponds to each anfle
attack is calculated by
h{ Ve
Cy = (—2) (1)
c(pve)
Where h (= 0.0015 m) is the width of the cavity rlezexit,
c (= 0.601 m) is the chord length of the airfoil, ¥ the free

slope is also predicted well in the linear regioith variation
in the stall region, a typical limitation of the RI& schemes. A
mesh with synthetic jet actuator (SJA) has beereggad in
“Gridgen” for
conditions. A user defined function (UDF) is wriiteand
integrated with “Fluent” to oscillate the diaphragm® per the
required schematic. The results show the workindefSJA is
presented in Fig. 10 in a desired fashion. The sures
contours show that the working of SJA with the muctand
blowing-out segments. The improvement in the aamadyc
performance in the post stall region as in Fig.ab@l 11 is
quite encouraging and it shows that the introductib SJA is
beneficial for the aerodynamics performance of lrzesairfoil
especially in stall control. As mentioned befoilee hext step
of this study is to explore the placement of thé dth the
optimum performance in the stall control of the dime

stream velocity. The M in (1) corresponds to the maximumairfoil. The effect of change in oscillation frequy and

velocity at the cavity nozzle exit. The amplitudeoscillations
is kept as 0.0012 m with the frequency 217 Hz. Asary of
the momentum coefficient at different angle of clt&a is
shown in Table 1.

TABLE II
MOMENTUM COEFFICIENT ATV, =51.026AND H = 0.0015Mm
0 (deg) | Vhax(m) | hitieo T | VinelV.
16 113.9365 1.25E-02 2.23
18 89.43551 7.69E-03 1.75
20 114.9407 1.27E-02 2.25
22 120.993 1.41E-02 2.37

The velocity contours in Fig. 6 are presented foe t
uncontrolled case (without moving the SJA). The toars
depict a massive flow separation at the suctior ifl the
baseline airfoil at around 7% of the chord as preskin Fig.
5. The pressure side contours are quite smoothelpost stall
regime, the flow separation at the suction sidetinoas until
the downstream wake region. This large separaggidmdeads
to a stall adversely affecting the aerodynamic grenbnce of
the airfoil. Subsequently, with the introductiontbe SJA in
the flow, the flow field is presented in Fig. 8/8g. 8 shows
the suction segment and Fig. 9 presents the blewing
segment. The inset of the Fig. 8-9 shows the zoovimal of
the flow field. The effect of suction and blowingtoon the
near-wall region is clearly observable from thesmwmed
views. In accordance with its basic principle, timet
momentum is added and then removed during the bipaut
and suction cycles respectively causing the flovemergizing
that leads to the stall delay.

The improvement in lift, drag and pitching moment

coefficients can be observed in Fig. 10-12. Heilticean be

established that the actuation of the synthetitetimproved
the aerodynamic performance of the baseline aiiridihe post

stall regime. The relative gain in lift coefficieat 22 degrees
angle of attack predicted by the CFD simulationsi@e than

30% with reduction in drag about 40%.

IV. CONCLUSION

First part of the paper has been presents gooeagr of
the pressure distribution with the experimentahdatft curve

amplitude along with the optimum-performance lamativill
serve as a CFD prediction for the design of SJA viaiest
performance.
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Fig. 6 Contour plots of velocity magnitude (m/seoen airfoil at
angle of attacky = 22°
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Fig. 7 Contour plots of velocity magnitude (m/seoen airfoil at
angle of attacky = 22°; Flow separation location

pre-processing along with the boundar
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TABLE il
SUMMARY OF AERODYNAMIC COEFFICIENTS
CFD - Controlled Case CFD - Uncontrolled Case Experiment - Uncontrolled
Case
o (deg)
CL Co Cm C. Co Cm C Cm
16 1.7723 0.0609 -0.0730 1.8246 0.0545 -0.0740 3670 -0.0648
18 1.7853 0.0877 -0.0757 1.1097 0.3220 -0.1650 4742 -0.1317
20 1.6532 0.1343 -0.0865 1.5338 0.1514 -0.0961 5027 -0.1887
22 1.5257 0.1930 -0.1115 1.7994 0.0790 -0.0692 -
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Fig. 8 Contour plots of velocity magnitude (m/seo®n airfoil at Fig. 11 Drag coefficient as a function of angleatifick at Re = 2xf0
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Fig. 12 Pitching moment coefficient as a functidrangle of attack

at Re = 2x1band M = 0.15
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