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Abstract

In the present study, the flow and aerodynamic features of a sharp trailing edged flat plate airfoil are systematically compared
with NACAOQO12 airfoil. The studies are conducted for three different Reynolds numbers 1.89 X 10%,2.83%10° and 3.78 X 10°
and angles of attack 20°, 25° and 30°. The present study shows that the occurrence of vortex shedding phenomena for the
flat plate is substantially different from NACAO0012 airfoil. Further, the re-attachment location of the shed vortices is closer
to the trailing edge for the flat plate, whereas for NACAOO12 airfoil it occurs at a certain distance upstream of the trailing
edge. The NACA0012 airfoil generates higher lift coefficients at a higher Reynolds numbers of 2.83x 10° and 3.78 x 10°,
whereas for the flat plate it occurs at a lower Reynolds number of 1.89 x 10°. The spectra of lift coefficient reveal that the
amplitude of the primary shedding frequency dominates for the flat plate and NACAO0O012 airfoil at lower and higher Reynolds
numbers of 1.89x 10° and 3.78 x 10, respectively, while it becomes almost same for an intermediate Reynolds number of
2.83 x 10°. The present study reveals that the drag coefficient at high Reynolds number (3.78 X 10°) is directly proportional
to the initial merging point of the two shed vortices for both the flat plate and NACA0012 airfoil.
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List of Symbols 1 Introduction

¢ Chord length of the foil (m)

c¢q Coefficient of drag The airfoils find immense applications in marine engineer-
¢;  Coefficient of lift ing, aircrafts wings, fans, wind turbines blades, propellers,
¢, Coefficient of pressure UAYV (unmanned aerial vehicle), MAV (micro aerial vehicle),
f  Frequency (Hz) etc. and are highly demanding field of study in the present
p  Pressure (Pascal) time. The aerodynamic performance of the foil can be eas-
Re Reynolds number (pUc/p) ily augmented by simply changing its profile according to
St Strouhal number (fc/U) the application. It comprises consideration of lift/drag char-
U  Free stream velocity (m/s) acteristics, shedding phenomena, stall characteristics, etc.
a  Angle of attack (AOA) (°) The flow past foils at high angles of attack include several

complex phenomena such as vortex formation and shedding,

flow separation and lift/drag fluctuations in post-stall condi-

tions. Researchers have been investigating the above-men-

tioned phenomena for the last several decades in flat plates

and NACA airfoils, separately for understanding the vortex

mechanisms in the near and far wake and their influence on

aerodynamic coefficients. The present paper experimentally

54 S. Narayanan and numerically compares the complex flow phenomena and

snarayan.1979 @ gmail.com; narayan @iitism.ac.in the corresponding aerodynamic characteristics of the flat

plate having sharp trailing edged with 12% thick symmetric

NACA airfoil having the same chord and span. Some of the

pertinent researches of the flow over foils are mentioned in
the following.
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Chen and Fang (1996) studied the sharp-edged bevelled
plates for the range of Reynolds numbers (Re): 3.5 x 10° to
3.2 % 10* and angles of attack (AOA): 0° to 90°. They found
that the Strouhal number depends on the Re values as a result
of flow re-attachment for small AOA (0° to 5°), while it is
independent of Re value due to intense flow separation at
high AOA (10° to 90°).

Cleaver et al. (2013) compared the forces/flow fields
associated with small-amplitude plunging oscillations of
NACAO0012 airfoil and flat plate at 0° as well as 15°, angles
of attack for a Reynolds number of 10,000. They observed
that at high Strouhal numbers, stable deflected jets experi-
enced by the NACA airfoil generate high lift coefficients,
while the deflected jets experienced by the plate generate
oscillating lift coefficient. At 15° angle of attack, the flat
plate shows an increase in lift coefficient up to a Strouhal
number of 1; thereafter, it degrades, owing to the convection
of the leading edge vortices from the suction surface.

Johnson et al. (2014) numerically investigated the
effectiveness of immersed boundary method to capture
the flow phenomena over NACAO0012 airfoil for various
incidence angles and Reynolds’ numbers varying from
5x10° to 1.86x 10°. They found that the results obtained
with immersed boundary method match very well with the
experimental ones.

Lam and Leung (2005) investigated the characteristics of
shed vortex from flat plate for different AOA values 20°, 25°
and 30° at a fixed Re value of 5300. They observed a series
of vortices shed from the leading/trailing edges alternately,
in the wake. They also found that the peak vorticity level of
the vortex shed from the trailing edge is higher as compared
to vortex shed from the leading edge.

Lam and Wei (2010) investigated the flow features behind
a flat plate for AOA values ranging from 20° to 45°. They
observed the shedding of the two chains of vortices from the
leading and trailing edges at a Reynolds number of 2 x 10,
thus forming a vortex street behind the plate.

Lee and Kang (2000) studied the boundary-layer tran-
sition phenomena over two NACAO0O012 airfoils in tandem
placed at zero-degree incidence for various Reynolds’ num-
bers. They observed that as the two airfoils approach towards
each other the length of the transition region increases. They
also noticed maximum rms velocity for y* ranging from 15
to 20.

Lin et al. (2013) numerically studied the effect of wavy
surface on the aerodynamic characteristics of a NACA0012
airfoil. They observed noticeable change in pressure coef-
ficient on the wavy airfoil as compared with the conven-
tional NACAOQO012 airfoil. They also observed that the lift
coefficient of wavy airfoil is 20% higher than the traditional
NACAO0012 airfoil in the post-stall region.

Mizoguchi and Itoh (2013) investigated the effects of
aspect ratio (i.e. (L/c)) on the flow features of rectangular
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wings at a fixed Re value of ~ 10*. They found that the aero-
dynamic features were substantially affected by the separa-
tion bubbles from the leading edge at low Reynolds numbers
for L/c>3. Also, they observed considerable variations in
the flow properties due to wing tip vortices for L/c <3, as
compared with the wings having large aspect ratios.

Kunihiko and Colonius (2009) numerically investigated
flow over low-aspect-ratio flat plate at low Reynolds num-
bers (300-500) with the help of immersed boundary method.
They observed that the aspect ratio and angles of attack play
a vital role in the stability of the wake profile and aerody-
namic forces.

Yang et al. (2012) investigated wake patterns with asym-
metric behaviour behind a flat plate for the AOA values (20°,
25° and 30°) at a fixed Re value of 1000. They noticed that
the vortex shed from the trailing edge of an inclined plate
has higher strength in comparison with that shed from the
leading edge.

Narasimhamurthy and Andersson (2009) experimentally
studied the aerodynamics of flapped airfoil at high AOA and
compared their results with Leishman’s model. They found
that the results obtained from experiments matched well
with Leishman’s model at low amplitude but at high ampli-
tude it showed large deviation from the Leishman’s model.

Shehata et al. (2018) experimentally investigated
NACAO0012 airfoil pitching at different trajectories such as
sinusoidal, trapezoidal, saw-tooth and reverse saw-tooth at
a Reynolds number of 2.1 x 10* and AOA in the range of
3.5°-12°. They observed that trapezoidal waveform provided
higher gain in lift amplitude as compared to other waveforms
studied.

Shehata et al. (2019) analytically and numerically inves-
tigated the aerodynamics load and frequency response of
pitching NACA airfoil at sea level to understand its dynamic
behaviour. They found that the amplitude of lift decreases
for low and medium frequencies whereas it increases for
high frequency.

Zakaria et al. (2017) numerically investigated the flow
phenomena over an NACAOQO012 airfoil for AOA varying
from 0° to 40° and at a Reynolds number of 79,900 using
different turbulence models, namely SA model, modified SA
model and Reynolds stress model (RSM). They found that
the Reynolds stress model provided superior predictions of
shedding from the leading as well as trailing edge over SA
as well as modified SA models.

Zakaria et al. (2018) investigated the plunging airfoil for
the range of angles of attack from 0° to 65° at a reduced
frequencies ranging from 0.15 to 0.95 for a fixed Reyn-
olds number of 80,000. They observed an increase in lift
amplitude in the stall regime at a reduced frequency of 0.7.
They also performed an optimization-based approach for
representing time-dependent lift by a fourth-order dynami-
cal system.
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Fig. 1 Experimental set-up and schematics of a flat plate with sharp trailing edge and b NACAO0012 airfoil

1.1 Objectives

In the past few decades, the detailed studies on the flow and
aerodynamic characteristics of flat plate and NACAO0012
airfoil have been investigated separately by a number
of researchers but the detailed comparative study of the
flow and aerodynamic characteristics of the flat plate with
NACAO0012 airfoil under the same parametric conditions is
limited. Therefore, in the present study, the detailed numeri-
cal and experimental investigations on the flow and aerody-
namic characteristics of the sharp trailing edged flat plate are
compared with symmetric NACA airfoil having a maximum
thickness to chord ratio of 12%. The comparisons of flow/
aerodynamic characteristics between the sharp trailing edged
flat plate and NACAOQO12 airfoil are made in terms of vortex
shedding, spectra, near-wake and far-wake characteristics,
lift and drag coefficients for three different chordwise Re
values (i.e. 1.89x 10 2.83x 10°, 3.78 x 10°) at high angles
of attack (i.e. 20°, 25° and 30°).

2 Experimental Set-Up and Numerical
Methodology

2.1 Experimental Facility

The experiments were conducted in a subsonic open-cir-
cuit wind tunnel (Fig. 1) of the Fluid Flow Laboratory at
IIT (ISM), Dhanbad. The main parts of the wind tunnel
include: effuser with contraction ratio of 9:1, test section
with dimensions of 300 mm X 300 mm X 1000 mm provided
with transparent window on either side for visualizing com-
plex flow features, blower unit with 12 blades fitted with a
ten-HP, two-pole, three-phase AC motor. Three-component
S-type load cell is used to measure the lift and drag forces,
multi-tube manometer which contains 13 straight tubes for

measuring the static pressure at various locations of the
object, placed in the test section. A smoke generator is used
to generate homogeneous smoke over the foil, and the flow
is visualized using a high-speed digital camera (model: ILSL
and make: Fastech). A mesh screen is provided at the inlet of
wind tunnel to reduce the turbulence levels in the tunnel and
hence to obtain the smooth flow in the test section. The sche-
matics of the sharp trailing edged flat plate and NACA0012
airfoil are shown in Fig. 1.

3 Numerical Techniques
3.1 Domain and Boundary Condition

The computational grid and boundary condition for the flow
over flat plate and airfoil are chosen as same for unique
comparison of flow and aerodynamic characteristics. The
domain, boundary condition as well as grid for the present
simulation are shown in Fig. 2. The size of the domain is
restricted to 35c¢ in stream-wise direction and 10c in the
transverse direction for capturing the multifaceted flow fea-
tures. The leading edge of the foil is placed at distance of
7c, while the domain is extended up to 28c from trailing
edge so as to capture the multifaceted flow features in the
near/far regions. The grid (Fig. 2) is constructed using a
commercial CFD package ANSYS Workbench. The com-
plex flow features over the NACAO0012 airfoil and flat plate
are predicted using ANSYS Fluent. Grids with approxi-
mately 20,000 to 140,000 cells are generated using com-
mercial CFD package for different parameters. To resolve
the boundary layer properly and hence to capture the com-
plex flow features, fine mesh is used in the vicinity of the
NACAO0012 airfoil and flat plate surfaces and coarse mesh
is provided far away from the body, where the flow effects
are almost negligible.
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Fig.2 Computational grid,
domain and boundary condition

Close View nearer to the Body
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3.2 Grid Independency Test and Turbulence Model

The grid independence test is performed by varying the
number of cells from 20,000 to 140,000. It is noticed that the
lift and drag coefficients obtained with 100,009, 120,012 and
140,000 cells are almost invariant with further grid refine-
ment (Fig. 3). The boundary layer formed over the foil is
solved by restricting the highest wall y + value within 110.
2D unsteady numerical simulation is performed using com-
mercial CFD package with a second-order pressure-based
implicit solver, using SIMPLE algorithm. The current simu-
lations are carried out using flow as incompressible with
no-slip boundary condition imposed at the walls. The time
step size for the present computation is chosen as 3x 107>

2
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s to predict the multifaceted features of flow such as vortex
shedding, spectra, lift/drag and coefficients from the foil.
The turbulence model and the governing equations for the
present computation are given in Jha et al. (2019).

3.3 Validation and Uncertainty Estimates

The lift/drag, coefficients as well as the Strouhal number
obtained from the present simulation given in Tables 1, 2
and 3 at 45° AOA were matched well with those obtained
by Lam and Wei (2010). Further, the comparisons of pres-
sure coefficients (Fig. 4) obtained from present computa-
tion for NACAOQO012 airfoil and flat plate also showed good
agreement (i.e. within 8%), with those measured by Fage
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Table 1 Comparison of maximum drag coefficient obtained from pre-
sent computation at 45° angle of attack with those predicted by Lam
and Wei (2010), at the same parametric conditions

% Deviation between
Lam and Wei (2010)
and present simulation

Maximum drag coef-
ficient from present
computation at 45°

Maximum drag
coefficient obtained
for Lam and Wei

angle of attack (2010) for 45° angle
of attack
2.38 2.48 4.2016

Table 2 Comparison of maximum lift coefficient obtained from pre-
sent computation at 45° angle of attack with those predicted by Lam
and Wei (2010), at the same parametric conditions

% Deviation between
ficient obtained for Lam and Wei (2010)
Lam and Wei (2010)  and present computa-
at 45° angle of attack tion

Maximum lift coef- Maximum lift coef-
ficient from present
computation at 45°

angle of attack

2.39 2.47 3.34728

Table 3 Comparison of fundamental frequency obtained from present
simulation with those predicted by Lam and Wei (2010)

Strouhal number Strouhal number % Deviation between
obtained from present obtained by Lam and Lam and Wei (2010)
computation at 45° Wei (2010) at 45° and present computa-

angle of attack angle of attack, tion

0.225 0.23 222

15 T T T

~—Flat Plate with sharp Trailing edge
—NACA012 H
— Fage and Johansen Pressure side
—Fage and Johansen Suction side | |

Fig.4 Comparison of pressure coefficient for flat plate and
NACAO0012 airfoil at Re=3.78 x 10’ and 30° angle of attack

and Johansen (1927). The steady lift curve (Fig. 5) obtained
from the simulation at a fixed Re value of 3.78 x 10> showed
good agreement with our own experimental results for both
the flat plate and NACAOQO012 airfoil. The uncertainties in the
experiments are estimated based on Moffat (1988). The uncer-
tainties in the flow velocity and aerodynamic force meas-
urements are within+2% and + 3%, including repeatability

factors. The uncertainties in aerodynamic coefficients are well
within +2%.

4 Results and Discussion
4.1 Vortex Shedding Mechanisms

The flow over a flat plate/NACAO0012 airfoil at a Reynolds
number of 1.89 x 10° and 30° AOA obtained from current
predictions is compared with flow visualization in Fig. 6.
The flow features such as shed vortices from the edges and
flow separation obtained from our predictions matched very
well with those obtained using smoke-flow visualization,
thus supporting the present simulation. The shedding mecha-
nisms from the leading/trailing edges are explained in the
following.

The comparison of stream lines of flat plate and
NACAO0012 airfoil at a fixed Re value of 3.78 x 10’ and 30°
AOA is shown in Fig. 7 for various time instances from
0.6 to 0.7 s, to explain the flow/shedding mechanisms. The
occurrence of shedding from the leading as well as trailing
edges of the flat plate and NACAQO012 airfoil plays an impor-
tant role in modifying the aerodynamic features, and thus,
it has to be studied in detail to understand the difference
in the flow as well as shedding characteristics between the
flat plate and NACAOO12 airfoil. The shedding mechanisms
from the sharp trailing edged plate and NACAOQ0012 airfoil
are explained in the following.

The flow separation occurs from the leading edge of
both the flat plate and NACAOO012 airfoil (Fig. 7a, b), and
separated shear layer rolls up into a clockwise vortex, which
grows in the stream-wise direction and re-attaches at a loca-
tion very close to the trailing edge (i.e. 14 cm from the
leading edge of the flat plate), while in NACAO0012 airfoil
the re-attachment point is ahead of the flat plate (i.e. 12 cm
from leading edge of the airfoil), as shown in Fig. 7a. The
counterclockwise vortex starts to form from the trailing edge
(Fig. 7c) due to the migration of the flow from the high pres-
sure surface to the low-pressure suction surface. The high
suction pressure created by the growing clockwise vortex
causes counterclockwise vortex near the trailing edge to
grow in size (Fig. 7d) normal to the body and pushes the
clockwise vortex towards the leading edge. The minimum
lift is obtained as the counterclockwise vortex at the trailing
edge attains a maximum size (Fig. 7e); thereafter, it sheds
from the trailing edge of the flat plate/airfoil. The key dif-
ference in the vortex shedding features is that the size of the
vortex shed from flat plate is higher than that of the airfoil.
It indicates that the energy contained in the vortex shed from
the flat plate is lower than the airfoil which further indicates
that the maximum lift is lower in flat plate as compared to
NACA airfoil (Table 4).
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Fig.6 Comparison of smoke-flow visualization experiments over a flat plate and NACAOQ012 airfoil with present computation for 30° angle of

attack at a Reynolds number of 1.89x 10°

4.2 Lift/Drag Coefficients

The variations of lift/drag coefficients with normalized
time for both NACAO0012 airfoil and sharp trailing edged
flat plate at 30° angle of attack for a Reynolds number of
1.89x 10° are shown in Fig. 8a. It is noticed that the lift/
drag coefficients of the plate are 14% and 32%, higher
than those of the NACA airfoil. Also, it is noticed that
the lift/drag coefficients of the plate are out of phase with
the NACAO0O012 airfoil. Lissajous figure shown in Fig. 8b,
c reveals that the oscillations of lift and drag coefficients
of the flat plate and NACAO0012 airfoil are periodic and

£
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in phase. The variations of lift/drag coefficients as well as
its rms values (i.e. ¢, and c4") obtained from the present
computation are compared with those obtained from the
experiments for different Reynolds numbers at 30° angle
of attack (Tables 4, 5). It reveals that the NACA0012 air-
foil generates higher lift and drag coefficients at higher
Reynolds numbers as compared to the flat plate. The
¢, and ¢y’ show an increasing trend in NACAQ0012 air-
foil, while in flat plate the ¢’ first increases and then
decreases but negligible variation is noticed in ¢, with an
increase in Reynolds number. Further, it is observed that
the Strouhal number shows a decreasing behaviour with
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Table 4 Computed lift coefficient characteristics of flow over a flat plate and NACAO0012 airfoil for different Reynolds numbers at 30° angle of

attack
Re.no.x 10° a(°) ¢; (flat plate) Error (%) ¢; NACA0012) Error (%)
Experimental Numerical €l ms Experimental Numerical Clms
1.89 30 1.5235 1.3515 0.0931 11.2897 1.2894 1.1546 0.0673 10.45
2.83 30 1.5412 1.3631 0.1156 11.5559 1.3213 1.1722 0.0691 11.28
3.78 30 1.5376 1.3617 0.0953 11.4399 1.9846 2.0998 0.1241 5.59
(a) I I I | I
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Fig.8 Comparison of ¢;, ¢; and Lissajous plots for NACA0012 airfoil and flat plate at Re=2.83x 10° and 30° angle of attack
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Table 5 Computed drag coefficient characteristics of flow over a flat plate and NACAO0012 airfoil for different Reynolds numbers at 30° angle of

attack
Re.no.x 10° a(°) ¢, (flat plate) Error (%) cq (NACAO0012) Error (%)
Experimental Numerical Cirms Experimental Numerical Cirms

1.89 30 0.8319 0.7743 0.0455 6.9239 0.7125 0.6618 0.0284 7.12

2.83 30 0.8362 0.7779 0.0464 6.9720 0.7312 0.6679 0.0295 8.66

3.78 30 0.8471 0.7786 0.0467 8.0864 1.0829 1.1929 0.0531 9.22

Table6 Variation of St no with Re.nox10° St. no. for flat plate St. no. for NACA0012

angle of attack and Reynolds

number for flat plate and 20° 25° 30° 20° 25° 30°

NACAO0012 airfoil
1.89 0.5212 0.4149 0.3517 0.4827 0.4759 0.3746
2.83 0.5115 0.4209 0.3608 0.4801 0.4727 0.3739
3.78 0.5099 0.4239 0.3585 0.4794 0.4683 0.3777
Flat plate Airfoil

Alternaté Vortex

Centre to centre distance

Alternate Vortex
Merges

(b)

Centre to centre distance

Fig.9 Comparison of instantaneous stream-wise vorticity contours at 0.8 s for flat plate and NACAQ0012 airfoil for three different angles of

attack a 25° and b 30°, at a Reynolds number of 3.78 x 10°

an increase in angles of attack for both the flat plate and
NACAO0012 airfoil at all the Reynolds numbers studied
(Table 6).

4.3 Instantaneous Vorticity Contours

Instantaneous stream-wise vorticity contours of flat plat
and NACAO0012 airfoil are shown in Fig. 9 (i.e. 0.5 s) for
different AOA at a Reynolds number of 1.89 x 10°. In
general, it is seen that vortex shed from the flat plate is
larger than NACAOQO012 airfoil for all the Re values stud-
ied. At high angles of attack (i.e. 25° and 30°) strong
vortex shedding is observed from both the leading and
trailing edges for both the flat plate and NACA airfoil.

Even though the vortex shedding pattern from flat plate
and NACAOQO12 airfoil is almost same, but the centre-
to-centre distance between the subsequent shed vortices
is higher in flat plate as compared to the NACA airfoil.
The two alternately shedding vortices extending up to a
normalized stream-wise distance (i.e. x/c <7) is seen in
the near-wake zone, for both the flat plate and NACA0012
airfoil. In flat plate, the two alternately shedding vorti-
ces merge at a certain x/c value in the near-wake zone
and generate a low drag coefficient since the merging
point is closer to the trailing edge while in NACA0012
airfoil large drag coefficient is observed since the merg-
ing of two alternately shed vortices occurs at some dis-
tance higher than that observed in flat plate. Thus, the
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Fig. 10 Velocity contour plot of
a flat plate and b NACA0012
airfoil showing the near- and
far-wake zone

Fig. 11 Comparison of lift
coefficient spectra with Strouhal
number for NACA0012 airfoil
and flat plate at different Reyn-
olds numbers a 1.89x 10°, b
2.83%x10% and ¢ 3.78 X 10°
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present study shows that the drag coefficient is directly
proportional to the merging point of the two alternatively
shed vortices in both the flat plate and NACAO0012 airfoil
(Fig. 9).

4.4 Wake Characteristics

The near-wake region is observed up to normalized dis-
tance x/c of 7 in stream-wise direction while far-wake
region begins beyond an x/c value of 13.77 (Jha et al. 2019)
as shown in Fig. 10, from the trailing edge for both the
foils. To understand near-wake oscillation phenomena of
the vortices shed from NACAO0O012 airfoil and sharp trail-
ing edged flat plate, the power spectral density (PSD) of
stream-wise velocity components at an x/c of 1.4 for dif-
ferent Re values 1.89% 10°, 2.83x 10° and 3.78 X 10° at 30°
angle of attack is shown in Fig. 11. The sampling rate of
velocity time series is kept as 33 kSa/s (i.e. 1/3x 1075 s) for
all Re values (1.89x 10°, 2.83 x 10° and 3.78 x 10°), and the
frequency resolution of computed spectra is 1.62 Hz. The
spectra of the near-wake showed only single peak for all
the Re studied, which corresponds Karman frequency, St,.
It is also observed that the small-scale near-wake structure
fluctuates at high frequency (Fig. 11). Further, the spectra of
the stream-wise velocity components reveal that the ampli-
tude of the Karman shedding frequency dominates for the
flat plate at a lower Re value of 1.89 x 10° but it dominates
for NACAO0O012 airfoil at a higher Re value of 3.78 X 10°,
whereas it becomes almost same for an intermediate Re
value of 2.83 x 10°. The generation of high lift coefficient

in NACAOQO12 airfoil at high Re value may be due to the
increase in the energy contained in the near-wake vortices
as compared to the flat plate.

The velocity spectra at a stream-wise distance (x/c) of
14 (i.e. far-wake zone) for different Re values: 1.89 x 10°,
2.83%x10° and 3.78 x 10°, at 30° angle of attack are shown
in Fig. 12, for both the flat plate and NACAOQ012 airfoil. The
far-wake PSD reveals the presence of secondary frequency
due to complex nonlinear interaction of the vortices shed
from the plate and NACAOO12 airfoil for all the Re values
studied. The spectra show that the amplitude of the second-
ary undulations is dominant for the NACAO0O012 airfoil at
a low Re value of 1.89 x 10° whereas it dominates for flat
plate at an intermediate Re value of 2.83 x 10°. Further, at
high Re of 3.78 x 10° the presence of multiple frequencies
is observed in the spectra, which may be due to the further
undulations of the secondary vortices.

5 Conclusions

The flow past a sharp trailing edged flat plate and
NACAO0012 airfoil was systematically compared in the
present study to understand the complex flow phenomena
occurring in the zones, x/c <7 (i.e. near wake) and x/c >7
(i.e. far wake), and its influence on the aerodynamic prop-
erties (lift, drag) for various Re values at high angles of
attack. The comparisons of sharp trailing edged plate and
NACAO0012, placed at high angles of attack, are made using
streamlines, instantaneous vorticity contours, near- and
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far-wake spectra, etc. The streamlines clearly depict that
the size of the shed vortex from plate is higher than from
NACAOQ012 airfoil at high Re value. The energy of the vortex
shed from the plate is lower as compared to the NACA0012
airfoil. Thus, it illustrates that the NACAO0012 airfoil gener-
ates high lift coefficient in comparison with the flat plate at
high Re value. It is noticed that the unsteady drag and lift
coefficients of the flat plate and NACAQO012 airfoil are out
of phase, thus following a periodically repeating behaviour.
Further, it is noticed that the unsteady lift and drag coef-
ficients of flat plate and NACAOQ0012 airfoil are in phase,
when compared separately. The Lissajous plots reveal that
the unsteady drag and lift coefficients oscillate at the same
frequency, for both the plate and NACAOO012 airfoil. The
stream-wise vorticity contours shown at high Reynolds num-
ber reveal that the drag coefficient is directly proportional
to the initial merging point of the shed vortices for both the
flat plate and NACAOO012 airfoil. The spectra of stream-wise
velocity components for the flat plate and NACA0012 airfoil
show the presence of Karman vortices in the near-wake zone
with single frequency while in the far wake it shows two
dominant frequencies corresponding to Karman shedding/
secondary large-scale oscillations. Thus, the present study
sufficiently demonstrates the difference in the flow/shedding
behaviours of a flat plate with NACAQ0012 airfoil.
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