OPEN 8ACCESS

I nternational Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-9 I ssue-2, December 2019

Moving Surface Boundary Layer Technique For
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Abstract: Application of moving surface boundary layer
control technique has been confined to relatively high Reynolds
numbers. The present paper reports a numerical study of
application of the above flow technique in the ultra-low Reynolds
number range. A two dimensional incompressible unstructured
grid based Navier Stokes solver has been used for conducting the
numerical studies. Moving surface has been applied at three
different portions on the airfoil surface, firstly, in the form of a
rotating leading edge portion of theairfoil, secondly, a continuous
moving surface from leading edge of airfoil to 57% of the chord
along the leeward surface of the airfoil and thirdly a continuous
moving surface from leading edge to 97% of the chord along the
leeward surface of the airfoil. All the moving surface
configurations show improvement of aerodynamic performance
of the airfoil through enhancement of lift and decrement of drag
as compared to a fixed surface one.

Keywords: Moving Surface Airfoil, Boundary Layer Control,
Lift Enhancement, Drag Reduction, Aerodynamic Performance
Enhancement, Ultra-Low Reynolds Number

. INTRODUCTION

As the advent of Prandtl’s boundary layer theory, there has
been a constant interest to minimize its adverse effects.
Different processes like vortex generators, suction, blowing
etc. are analysed and are implemented on various geometries
including aerodynamic shapes and bluff bodies. Using a
moving wall for controlling boundary layer has also been
explored by several researchers during the last few decades.
The authors strongly feel that this technique needs renewed
attention in the context of modern day low Reynolds number
applications. In al the above boundary layer control
techniques, the primary motive of the control mechanism for
delaying or preventing boundary layer separation. The word
‘Ultra-low’ used in the title of the paper has been used to
represent a Reynolds number range varying between a few
hundred to around one thousand.

Revised Manuscript Received on January 30, 2020.
* Correspondence Author

Y. Joshi, Department of Mechanical Engineering, Marwadi University,
Rajkot,Gujrat,India

Ankit kumar, Department of Aerospace Engineering, KIIT (DU),
Bhubaneswar, India

A. Roy, Department of Aerospace Engineering, |IT Kharagpur, West
Bengal, India

Atal Bihari Harichandan*, Department of Aerospace Engineering,
KIIT (DU), Bhubaneswar, India.

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number: B6299129219/2019©BEIESP
DOI: 10.35940/ijitee.B6299.129219
Journal Website: www.ijitee.org

3788

At these Reynolds numbers the flow is very strongly
dominated by thick viscous layers developing on the body
surface. The boundary layer is not robust and is accessible to
separation even under weak adverse pressure gradient. The
present work investigates the effectiveness of a moving
boundary in controlling or minimising the adverse effect of
large scale separation of flow from the surface of airfoil inthe
presence of such thick viscous layers. Johnson et al. [1]
studied the concept of using a leading edge rotating cylinder
on an airfail to control itslift. Mokhtarian and Modi [2] have
used a potential flow model to study the effects of leading
edge rotating cylinder happening flow past Joukowsky airfoil.
Modi and Mokhtarian [3] have experimentally examined the
effect of moving surface boundary layer (MSBL) control
intended for flow past a Joukowsky airfoil with rotating
cylinders situated at leading and trailing-edge. Hassan and
Sankar [4] have numerically investigated the effect of rotation
of leading edge on flow over variousairfoilsincluding NACA
0012. Kubo et al. [5] have studied the aspect of aerodynamic
instability phenomena using MSBL control. Modi et a. [6]
numerically and experimentally investigated the effect of
rotating leading-edge, trailing-edge, upper leading-edge,
forward upper-surface and rear upper-surface cylinder on the
flow characteristics of a Joukowsky airfoil. A very extensive
analysis on MSBL control technique with its proper
utilizations is found in Modi [7]. Azuma and Nakamura [8]
have numerically investigated the flow past a 45° swept delta
wing with a rotating leading edge. All the above
investigations have been performed at fairly high Reynolds
numbers varying from 10*-10° based on the airfoil chord.

In the first part of the paper numerical simulations
performed for two different problems, firstly, flow past
NACA 0012 airfoil without moving surface at Reynolds
number (Re) = 1200 and secondly flow over a rotating
circular cylinder undergoing translation at Re ranging from 20
to 100 are reported. The above numerical simulations are
perfumed to establish the capability of the Navier Stokes
solver ‘CFRUNS’ (Harichandan and Roy [9]) to study flow
past airfoil and moving surface geometries at ultralow
Reynolds number. In the second part of the paper simulations
are performed for uniform flow impinging on an airfoil with a
moving surface. The moving surface is simulated by
specifying anon-zero tangential velocity on the airfoil surface
as a boundary condition. This boundary condition is suitably
applied over different parts of arfoil surface to simulate
different test cases.
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The prescription of net zero normal velocity on the airfoil
surface is automatically ensured and therefore the airfoil’s
shape is not affected by the moving boundary condition. The
moving airfoil surface energises the boundary layer
developing on it through injection of tangential momentum.
This is called as ‘Moving Surface Boundary Layer Control’
strategy by means of which aerodynamic performance of a
shape can be improved by increasing lift, lift to drag ratio,
decreasing drag etc. and therefore making it more
aerodynamically efficient. This technique has been applied
for the past few decades on various configurations including
airfoils, wings and bluff bodies, but al such studies were
conducted at much higher Reynolds numbers as mentioned
before. The low Reynolds number world is unfolding with its
miriad applications in recent times. The present paper
attempts to address the issue of effectiveness of this flow
control technique at ultra-low Reynolds numbers. This may
help explore its possible applications in micro flow control
devices, micro air vehicle aerodynamic control etc.

In the present study, the moving surface has been
considered at three different locations on airfoil surface as
follows:

(&) Rotating leading edge.
(b) Moving surface from leading edge to 57% of the
chord along the leeward surface of the airfoil.

Moving surface from leading edge to 97% of the chord
along the leeward surface of the airfoil.

Location of the above moving surfaces are shown
schematically in Figure 1 below:

Figure 1. Location of moving surface on airfoil.

The aerodynamic performance of the above three flow
control cases is compared with that of fixed surface airfoil in
order to assess the merit of the technique at ultra-low
Reynolds number. In an actual configuration the moving
surface of the airfoil may be ssimulated by having a belt
supported by adequate number of rotating micro rollers
located at close gaps below the surface at various locationsin
order to maintain the airfoil profile with high fidelity.

I1. GOVERNING EQUATIONSAND
MATHEMATICAL SCHEME

Governing equations for 2-d incompressible viscous flows
devoid of heat transfer and body forces effects are written in
non-dimensional form using indicial notations follows:

Continuity au, -0
Equation OX. (1)

oT..
Momenum  u, 0 () b 0%

i El (2)
Equations ot ox, oX;  OX;

The above equations have been used in non-dimensional
form for present computations. The equations have been
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non-dimensionalized in consideration of ‘c’,‘d’, ‘U,’ which
represent chord of the airfoil, cylinder diameter and free
stream velocity respectively. In present analysis, the value of
velocity and pressure at free-stream isassumed asinitial value
for every computational cell. The governing equations are
discretized and computed using a finite volume scheme on
rectangular computational domain. Accuracy of the spatial
and temporal terms in the numerical scheme is second order.
Thetemporal termsare discretized by a second order accurate
Adams-Bashforth scheme. Spatial terms are discretized using
second order accurate central differencing scheme. Dirichlet
boundary condition of free- stream velocity is maintained at
inlet and zero normal velocity gradient ismaintained at outlet,
top and bottom boundaries. Zero pressure gradient is
considered at inlet, top and bottom boundaries as well as on
the body surface in normal direction. Free-stream pressure is
assigned at outlet boundary. The upstream boundary is
situated at 5¢ from the airfoil mid chord and the zero shear top
and the bottom boundaries are both situated at a distance 10c.
The outlet boundary is situated at 30c distance from mid
chord of the airfoil. The boundary conditions have been
modified in comparison with those used in Harichandan and
Roy [9] in order to simulate results of comparable accuracy
with smaller domain size. The pressure velocity coupling is
achieved by computing a pressure Poisson equation. The
fluxes at the cell face centers are reconstructed based on a
procedure elaborated in Harichandan and Roy [9]. No dlip
boundary condition is applied on body surface. For moving
surface, tangential surface velocity is non-zero and normal
surface velocity is zero whereas on fixed body surface the
velocity is set to zero. Additional details on the solver are
reported in Harichandan and Roy [9, 10] and Roy and
Bandyopadhyay [11].

Grid independence study was carried out for the numerical
scheme and the results are shown in the Table 1.

Table 1. Grid Independence study at Re = 100.

Grid size | Coefficient  of | Coefficient Strouhal
(Gridno.) | drag (Cp) of lift (C) number (St)
80 (1) 1.112 £0.02101 | £0.1811 0.16801
120 (2) 1.185 £ 0.0151 +0.2101 0.1641

160 (3) 1.352 £ 0.0101 +0.2781 0.1611

200 (4) 1.358 £+ 0.0101 +0.2811 0.1611

Based upon the values of coefficient of lift, coefficient of
drag and Strouhal number variation, grid 3 has been preferred
for the flow calculation. For the same problem the above
mentioned parameters of the present solver were compared
with works of other researchers as mentioned in Table 2
below:

Table 2. : Parameters of flow field around the circular
cylinder at Re =100

Parameters Co C. St
Dingetd.[12] | 1.356+0.010 | +0.287 | 0.166
Meneghini etal. | 1.370+0.010 | - 0.165
[13]
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Brazaetd.[14] | 1.364+0.015 | £0.25 | 0.160
Tritton [15] 1.320+0.010 | - 0.160
Wiesenberger | 1.326+£0.010 | --- 0.1608
[16]

Present 1.352+0.010 | +0.278 | 0.161

In order to compare the capability of the solver in
accurately matching with analytical result, it was used to
compute Couette flow. The time dependent convergence of
the solution to the analytical one was found to be satisfactory.

I1l. RESULTSAND DISCUSSION
A. Flow past a NACAO0012 airfoil at Re= 1200

= e
(a) t=0.5

= ~”¢"§"‘\

(b) t=2.0

Figure 2. Schematic view of ‘Separation Vortex’ on the
left and computed streamlinesfor Re = 1200, a
= 15° at varioustimeinstants.

The streamlines past a NACA 0012 airfoil at Re= 1200, o
= 15° at various instants of time computed using ‘CFRUNS’
scheme are shown in Figures 2(a) - 2(c) respectively. The
flow corresponds to ‘Type C: Separation Vortex’ reported by
Huang et a. [17]. Development of this flow pattern with time
is elaborately explained in the above reference and
schematically shown on the left side of Figure 2.

=

(©)t=3.0
Figure 3. Schematic view of ‘Leading Edge Vortex’ on
theleft and computed streamlinesfor Re= 1200, o = 30°
at varioustimeinstants.
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The computed streamlines show emergence of a tiny
separation bubble at the trailing edge at t = 0.5, where ‘t’ is
assigned as the non-dimensional time expressed as a ratio of
the length scale ‘c’ and velocity scale ‘U,,’. The separation
point gradually moves upstream as time evolves forming
pockets of separation close to trailing edge which is followed
by devel opment of a separation bubble on leeward side which
consequently leads to formation of a wake which is confined
more in direction of trailing edge.

However, the evolution of separated flow structure on
airfoil NACA 0012 at Re= 1200, a. = 30° at different instants
of time from the start of the flow are provided in Figure 3. The
computed flow pattern is compared with flow visualization of
Huang et a. [17]. For comparison, the different phases
involved in the ‘Type D: Leading Edge Vortex’ mode as
captured in the present numerical simulation are provided
below along with the characteristics of this mode as explained
in Huang et a. [17] and shown on left side of the figure. Att
= 1.0 afairly strong leading edge vortex isvisible. At t = 2.0
the leading edge vortex grows stronger and covers almost two
third of the leeward surface of the airfoil with finer eddy
structures visible near the trailing edge. At t = 3.0 the large
leeward side vortex deforms under the influence of a newly
emerging vortex near leading edge and trailing edge vortex
which is being shed. The large vortex is also on the verge of
separating from the body surface. At later time the large
vortex structure is shed from the leeward side and leads to
formation of Karman vortex sheet in wake of the airfoil.

B. Flow past rotating cylinder undergoing
trandation

The performance of the ‘CFRUNS’ solver was tested for a
moving boundary problem before applying it for the study of
moving surface airfoil. Flow past a cylinder which is rotating
undergoes trandation at low Re number was computed using
the solver. The established trend of amost linear increase in

lift force with the increase in rotational speed (6‘) was
found. Table 3 shows the comparison of rate of increase of C
with rotational speed at different Reynolds numbers between
present results and those reported by Ingham et al. [18]. The
comparison was found to be satisfactory. More studies on
rotating and rotationally oscillating cylinder using ‘CFRUNS’
solver are reported in Supradeepan and Roy [19].

Table 3. Comparison of dC, /d & for flow past arotating
cylinder under trandation

dc /d & Ingham et. al [18] | Present result
Re= 20 ~23 2.33
Re = 60 24 2.45
Re=100 | ~25 255

C. Flow past NACAQ012 airfoil with moving surface

In this section results are discussed related to various

aspects of aerodynamic behavior of NACA 0012 airfoil with

moving surface compared with airfoil with fixed surface. The

study includes time history and time-averaged lift and drags
coefficients, surface shear stress,
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surface pressure distribution, streamline patterns, boundary
layer velocity distribution at various locations etc. The study
is intended towards gaining greater understanding of the
aerodynamic behavior of this airfoil at ultra-low Reynolds
numbers. For the following test cases reported in this paper it
is assumed that the velocity with which the moving surface
translates is four times that of the free stream speed. In order
to perform these simulations a grid independent study was
done for fixed surface airfoil at Re = 100, a = 10° for three
different grids with total number of cells ranging from 25000
to 40000 approximately. The finest grid of 40000 cells with
300 nodes on airfoil surface, was chosen for all remaining
simulations reported in this paper.
C.1. Rotating leading edge
A typica time history of lift-drag for the airfoil NACA
0012 with rotating leading edge at Re= 100 and o = 10° is
shown in Figure 4. From the figure, it could be noticed that
lift and drag coefficient values asymptotically converge
towards steady state at this angle of attack. However, at
higher angles of attack, flow separates from the airfoil’s
leeward surface in spite of the momentum injection in
boundary layer near leading edge through the rotating
cylinder. This is reflected through lift and the drag time
history for Re= 100, a. = 30° shown in Figure 5.

1.0
0.8+ B
c | -
0.6 /
_’F 7C
o4y C;
Coo2 e
0.0
10 0 30 40
Time
Figure4. Time history of lift and drag coefficientsfor Re
=100, a =10°
2.5+
2.0 /‘
C s, A\
L
1.0 —C
rrrrrrrrr C
CD
0.5 .
0.0 - T v r
0 10 20 30 40
Time
Figure5. Time history of lift and drag coefficientsfor Re
=100, a. = 30°

Figure 6 shows the distribution of entire velocity in flow
field for Re=100, a =20°, t = 40. It is seen that higher values
of total velocity are induced in the flow field near leading
edge of airfoil dueto rotation.
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Figure6. Total velocity field for Re=100, a =20°,t =40

The time-averaged surface pressure distribution on airfoil
isshownintheFigure7. It is observed that due to the rotating
cylinder a very strong suction peak is generated near the
leading edge of the airfoil. Also, the enclosed area between
the windward and leeward surface pressure of the airfoil
keeps increasing up to o= 30° which indicates that the airfoil
continues to generate lift effectively at that high angle of
attack.

Figure 7. Time-averaged pressure distribution on the
airfoil surface

504

04

Figure 8. Time-aver aged wall shear stressover theairfoil
surface

Time-averaged wall shear stress distribution is shown in
Figure 8. The figure shows that in region between the leading
edge and approximately 0.05 - 0.07 x/c the wall shear stress
first dropsrapidly to large negative valuesfollowed by asharp
recovery to apositive peak. Beyond the positive peak the wall
shear again decays gradually.
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The maximum positive peak is achieved for o = 10° and it
reduces with the increase in angles of attack. It is to be noted
that flow separates over fast rotating cylinder surface whichis
indicated by the negative value of wall shear. However, it
gains a large amount of tangential momentum due to strong
shear produced by the rotating cylinder which helps to
maintain the flow attached to the leeward surface of the airfoil
at higher angles of attack. The high tangential momentum
content leads to larger cross stream velocity derivative and
therefore larger value of wall shear downstream beyond the
rotating cylinder.

C.2. Moving surface from leading edge to 57% of the
chord along the leeward surface of the airfoil

Instantaneous streamlines for this case are shown for
various angles of attack in Figure 9 at t = 40. All these flows
achieve steady state. It is seen that up to angles of attack of
30° there is negative evidence of large flow separation from
the airfoil surface. With the increase in angles of attack the
stagnation point moves towards the windward side of airfoil
and the streamlines get highly clustered near the leading edge
indicating increased flow acceleration in that region. This
leads to formation of a very high suction peak which
contributes towards lift enhancement. The attached flow also
keeps the profile drag low

(d) a=30°
Figure 9. Instantaneous streamlinesfor Re= 100 and o =
0°30°

1.04 ; L
x/cr0.97/ | ‘|
0.8 e c,;éoAss/ ]“‘:‘ X/070,l
| / / ‘, e
06- ) L
Y 04l vyl

3 [| x/c=0.65 ‘“\.‘
( X C'.—'\OA29:L‘ / x/c=0.02
) e —

T

20 -15 -10 05 00 05 10 15 20 25
U

Figure 10. Thetime averaged boundary layer velocity
profiles at different x/c stationsfor Re= 100, o = 40°
Nature of the time averaged boundary layer at different
locations on airfoil surface for Re= 100, a = 40° is shown in
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Figure 10. It isobserved that closeto the airfoil’s leading edge
at (x/c) = 0.02, velocity maintains afairly constant value with
a peak of around 1.5 times free stream value. Beyond this
station, strong inflection in the velocity profile and reverse
flow is observed for stations ranging from (x/c) = 0.10 to 0.65
because of the large angle of attack. However, large values of
velocity are observed near to the wall as well as the outer
regions of the boundary layer for all these stations due to
effect of the moving boundary. At the last two stations,
namely (x/c) = 0.88 and 0.97, the velocity profiles are flatter
and weak even near to the wall, because of absence of moving
boundary in the aft portion of the leeward surface of the airfoil
and due to strong flow separation in this region. It is to be
noted that at each station on an average 20 cells within the
boundary layer have been used to obtain the tangential
velocity distribution. The normal distance from the wall is
expressed in the form of a non-dimensional coordinate y*.

Figure1l1. Instantaneous streamlinesfor Re= 100, o = 40°
att=90

The instantaneous streamlines at t = 90 for Re = 100, a =
40° areshown in Figure 11. It isfound that afairly strong and
stable vortex structure is attached to the leeward side of the
airfoil. The moving boundary energizes the leeward surface
flow which in turn assists the airfoil to generate modest
amount of lift even at this large angle of attack. However,
bluffness of the airfoil isenhanced dueto large angle of attack
and consequently drag acting on the airfoil isquite large. This
leadsto anominal lift to drag ratio of order of one. See Figure
14 and 15 for lift and drag coefficient distribution as function
of angle of attack. At lower angles of attack substantially
better performance of the airfoil can be achieved asis already
evident from the flow field features shown in Figure 9.
C.3. Moving surface from leading edge to 97% of the
chord along the leeward surface of the airfoil

Time averaged boundary layer velocity profile at (x/c) =
0.1 and 0.65 for the various moving boundary and fixed
surface airfoil cases are shown for o= 10° and 30° in Figures
12(a) and 12(b) respectively. Performance of four different
configurations, namely (a) fixed surface airfoil (b) airfoil with
rotating leading edge (c) moving surface from leading edge to
57% of the chord along the leeward surface of the airfail (d)
moving surface from leading edge to 97% of the chord along
the leeward surface of the airfoil are shown in the above
figures.
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In Figure 12(a) it is observed that for configuration (a) the
velocity profile at x = 0.65 shows inflection. The gradient

0U/ 0y seems to be quite small which indicates low wall

shear stress and consequently near onset of separation. For (b)
considerable momentum deficit is seen at (x/c) = 0.65 as
compared to that at (x/c) = 0.1, however the flow still showsa
fuller velocity profile. There is not much differencein the BL
profiles of (c) and (d) apart from the fact that (d) shows
dlightly higher values of velocity all through the thickness of
the BL ascompared to (c). The velocity profiles of (c) and (d)
show clear contribution of the moving surface in enhancing
boundary layer momentum content and consequently the
robustness of the flow.

—— fixed surface airfoil

L0 Fioifommemes rotating leading edge
i - moving surface up to x/c=0.57

0.84 | —— moving surface up to x/c=0.97
0.6 <

X/¢=0.65

y
0.44
0.2
f/l = .

0.0

0.0 04 0.3 1.2 1.6 20

Figure 12(a). Time averaged boundary layer velocity
distribution for fixed surface and moving surface airfoil
ata=10°

fixed surface airfoil
------ rotating leading edge

moving surface up to x/c=0.57
1.0+~ moving surface up to x/c=0.97 . |
: X

0.8 i ]

P> i
0.6 a ,'1 i Y x/e=0.1
0.4 A o/
02{ /
0.0

12 08 04 00 04 08 12 16 20
)

Figure 12(b). Time averaged boundary layer velocity
distribution for fixed surface and moving surface airfoil
at a = 30°

Figure 12(b) shows that for (&) flow reversa has aready
initiated at (x/c) = 0.1 which becomes more adverse at (x/c) =
0.65. For (b) the flow reversal is seen at (x/c) = 0.65. Regions
of low momentum are seen in the velocity profiles of (c) and
(d). However, there is no indication of flow separation in
these two cases.

In Figure 13 time averaged surface pressure distribution at
a = 20° is shown for configurations (a), (c) and (d). It is
observed that the enclosed areawithin the curve for (a) iswell
exceeded by those of (c) and (d), which indicates that (c) and
(d) produces much higher lift at this angle of attack compared
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to (8). It isto be noted that two small kinks are observed on the
leeward surface in the case of (c) and (d) at (x/c) = 0.57 and
0.97 respectively because of the abrupt change of no dip
boundary condition across the end point of the moving
surface. Such kink is however weakly visible where the
moving surface starts at the leading edge because of very
highly accelerated flow due to combined effect of moving
boundary along with nose radius.

B [
-1043
i
841
-64 %\ —— fixed swrface airfoil
ks moving surface up to x/c=0.57
P44 -~ moving surface up to x/c=0.97
2.0
T —— e ——
04% L e
S R SRS
2

x/c
Figure 13: Time-averaged surface pressuredistribution
at a =20°

The coefficient of lift and drag variations with varying
angle of attack for various configurations are shown in
Figures 14 and 15 respectively. It is observed from the lift
coefficient distribution that (c) and (d) have comparable
performance up to o = 10°. Performance of (b) is superior to
(a) but inferior to the above two. Configurations (c) and (d)
out-perform the others substantially above 10° angle of
attack, with (d) remaining the most superior consistently.
Negative drag is observed for (d). Thisis because the moving
boundary creates a strong suction effect which has a
component action along the forward direction leading which
negates the drag and produces a weak propelling force. For
the same reason (c) has very small drag coefficient up to a =
10°. Thereissharp increase in drag coefficient for (d) beyond
a = 30°. For (b) drag remains positive over entire angles of
attack range and grows more gradually with increasein angles
of attack, however, it islower than that of fixed surface airfail.

3.5

*
3.0
25 * A .
s A
‘ 2,01 A
CI_ 1.5 [ ]
S . : S—
4 X fixed surface airfoil
1.04 ® jotating leading edge
A moving surface up to x/c=0.57
0.5 % *  moving surface up tox/c=0.97
N :
A
001—! T T T ‘l T T T 1 T
0 5 10 15 20 25 30 35 40 45
a
Figure 14: Coefficient of lift variation with angles of
attack
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1.5
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X fixed swface airfoil
m  rotating leading edge
1.04 A moving surface up to x/c=0.57 A
*  moving surface up to x/c=0.97
0.54
C, .
X n %
004 2 1 4
* *
1%
-05 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45
a
Figure 15: Coefficient of drag variation with angles of
attack

V. CONCLUSIONS

In this paper a numerical study was performed to investigate
the consequence of MSBL control on the aerodynamic
performance of the airfoil NACA 0012 at ultra-low Reynolds
number. Not much research is reported in literature on
aerodynamic effect of moving surface applied over extensive
lengths of the airfoil surface. Thiswas one of the main focus
of the present study. Most of the flow simulationsin this study
were confined to Re = 100. The angle of attack was varied
from 0° - 40°. A 2-d incompressible unstructured grid based
on Navier Stokes solver ‘CFRUNS’ was used for conducting
the numerical study, (Harichandan and Roy [2010]). The
solver’s capabilities were tested adequately before applying it
to the present problem for fixed and moving boundary cases.
Moving surface was applied at three different portions on the
airfoil surface for conducting the present study. All the
moving surface configurations showed improvement of
aerodynamic performance of the airfoil through enhancement
of lift, reduction of drag etc. The configuration with the
largest extent of moving surface, i.e., from the leading edge to
(x/c) = 0.97 has better performance in terms of lift
amplification. It also leads to maximum drag reduction and
leads to negative drag at low angles of attack. However, on a
practical configuration it may be difficult to install such a
mechanism because a major portion of the trailing edge of a
lifting surface needs to be deflected for control purposes and
having a moving surface on a deflecting component would be
very complex. From that point of view the configuration with
moving surface from leading edge to (x/c) = 0.57 would be a
better choice with not much sacrifice on the performance of
the airfoil within the operating angle of attack range that was
studied. A reasonably detailed aerodynamic analysis of the
various configurations were performed including study of lift
and drag characteristics, surface pressure and shear stress,
streamline patterns, boundary layer velocity distribution etc.
The study suggests that moving surface boundary layer
control would be an effective flow control mechanism at
ultra-low Reynolds numbers
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