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Abstract

This paper presents an investigation on the effaictintroducing large-scale roughness through statiervature

modifications on the low speed flow over an airféle surfaces of a standard NACA 4415 airfoil havenbmodified with
regular perturbations or “bumps” of the order of 2%or this purpose. While the actual NACA 4415 aliifohot a suitable
candidate for low Re cases due to extensive presalefiboundary layer separation, it is expected tha bumps would
exercise passive flow control by promoting earlynsition to turbulence, thereby reducing the exthseparation and
improving the performance. From this investigatihas been found that the separation bubbles begithe upper surface
of the bumpy surface model is later than the regslaface model. This implies that the stall appeaf bumpy surface
model at higher attack angle than the regular scefanodel. The lift to drag ratio also increases lbompy surface airfoil
and consequently improve the performance of the VErperiments are conducted for chord based Re vahrggsing from

25,000 to 500,000.
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1. Introduction

The aerodynamic characteristics of low Reynolds memairfoils are fundamentally different
from those seen in typical aerospace applicatiBadsonic aerodynamics, not a major area
of study until the recent past, promises tremendmisntial in the development of small,
robust and high performance aircraft: Unmanneda\arehicles (UAVs), Remotely Piloted
Vehicles (RPVs) and Micro Aerial Vehicles (MAVs).h@se are particularly useful for
defense applications such as surveillance, comratiarclinks, ship decoys and detection of
biological, chemical or nuclear materials. Anothmeportant application of these vehicles has
been identified in space or planetary exploratiespecially in extreme low density
environments such as in Mars. These vehicles presémeme constraints to the airfoil design
process in the form of (a) extreme operating caonkt (cruise velocity, altitude, density);
and (b) very small aspect ratios. The mission f@eftend to incorporate entirely different
regimes in terms of their speed, altitude and meer@ug requirements. For example, RPVs
need to be operative at both normal and very higtu@es (where the density of air is low).
From a fluid dynamist’s point of view, the perfomnta of an aircraft is essentially controlled
by the development of the boundary layer on itdaser and its interaction with the mean
flow. This interaction decides the pressure distidn on the airfoil surface and subsequently
the aerodynamic loads on the wing. In order to iabthe highest levels of performance
efficiencies for mission varying aircraft, it iscessary to either: (a) alter the boundary layer
behavior over the airfoil surface—flow control medls of interest here, and/or (b) change
the geometry of the airfoil real time for changifige stream conditions—adaptive wing
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technology. The value of aerodynamic efficiencydse® be maximum i.e. the lift to the drag
ratio needs to be maximized. For this case liftusthdoe high and drag should be low. This
paper discusses the experimental results of flomtrob method by changing the airfoll
surface geometry to improve the performance ottteil as well as aircraft.

2. Model Construction

If we desire to examine the aerodynamic charatiesisf a large model, a large scale
wind tunnel facility is necessary for testing. A amsized model has been selected to
examine the aerodynamic characteristics for theegxyents due to the limitation of wind
tunnel size. The scale downed on the basis of Régnmmumber. The thickness and chord
length of the model are 38.1 mm and 254 mm, resmdgt The span length of the model
relative to the chord length is one of the impar@esign parameters. Obviously, it should be
made as large as possible so that the weight ofmibeel can be reduced. In the Present
experiment the span length was chosen to be 150amtonsiderably large value, so as to
minimize the end effect of the model. To perforre #xperiments there are two types of
model has been constructed (as shown in Fig.1BUimpy Surface Model and (ii) Regular
Surface Model. Both of the models are made usin@ NA415 profile.

(a) Regular Suefac (b) Bumpy fage

Fig.1. Models to be tested

It is considered that bumpy height is variable that arc length is constant. So, if the height
reduced then the length or radius of the segmentleocircular perimeter on the surface
increased. The arc length should select carefulyhat the surface had enough bump or
wave. The chord length of the model is 254 mm. NAC A 4415 has a desigR.cvalue of
around 2 million, tailored to application in HPVduman Powered Vehicles). The baffles
inside the wing gave rise to a modified NACA 4416fipe with regular surface perturbations
(Fig. 1(b)). The radius of the bumps was of theeomf 2%c. While covering the airfoil with
a membrane (to mimic the smooth profile) and addindgrailing edge extension were
considered, it was decided to leave the airfoikimsed to keep the flow tripped at all times
along the surface. Maximum height, denotechpgf the bumpy surface is 5.02 mm. This is
the 3¢ bump or wave. The"2and 3' bumps are height of thanm and 1 and &' bumps are
height of 0.66 mm. Both sides of the model are bumpy. To meateeexternal surface
pressure, pressure probes are out-fitted at theertiee of the span on the surface of the
wing.
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3. Experimental Set-Up

The experiments were conducted using 310x300 mmd winnel in Fluid dynamics
laboratory, Department of Mechanical Engineerinpulka University of Engineering and
Technology, Bangladesh. Fig.2 shows a schematihefexperimental set up. The model
was placed in the middle of the test section suppoby 5mm diameter iron rod and flat
plate threaded through two circular holes of #st section side walls so that it could freely
rotated about the flat plate. The orientation of thodel (attack angle) was adjusted by
pulling two ropes suspending the leading and trgikdge of the model. The surface of the
model is drilled through 1.5 mm diameter holes anthll sizes pressure tubes are placed
inside the drilled holes. The pressure tubes an@ected to the inclined manometer by vinyl
tubes of equal length. There is an angle measumstguments attached with the flat plate to
measure the angle of attack.

- . wind tunnel test section

vinyl tube

mnclined manometer

flow direction

Fig. 2. Schematic diagram of experimental setup

4. Results and Discussion
A. External Surface Pressure distributions

All measurements are conducted during the steadg-sbnditions. As shown in Fig.
3, the upper and lower surface pressure distribatare presented as a plot of upper surface
pressure coefficien€py and lower surface pressure coeffici€ht fraction of local chord
projected to the plane of the leading edge and tdtard length ( dimensionless distance
x/C). According to Fig. 3, it is found that the sepiama bubbles begin at an attack andle8
a distancé).9cfrom the leading edge towards trailing edge foutagsurface model. On the
other hand, bumpy surface model’s separation bsbbégin at an attack angle®10The
length of separation region increases with increptie attack angle. It has been shown from
the experiment that the model using bumpy surféme Separation appears at large attack
angle. Flow separation occurs due to boundary ltyekness. The boundary layer thickness
is considerably affected by the pressure gradietihe direction of flow. When the pressure
gradient imposed on the flow is not too adversadition and reattachment may occur after
laminar separation, and the resultant turbulenndaty layer is found to be more resistant to
flow separation. This provides a reasonable justiion for separation control by means of
promoting early transition in laminar flows, theyeteducing the otherwise imminent form
drag. Experimental observations show that “roughfods perform better than the “smooth”
surface airfoils at loiRevalues, as shown in Fig. 3.
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Fig. 3. External surface pressure distributionhetmid-span of the models
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If the pressure gradient is zero, then the boundaygr continues to grow in
thickness. With decreasing the pressure in thectiline of flow i.e.; with negative pressure
gradient, the boundary layer tends to be reducetthiagkness. However, with the pressure
increasing in the direction of flow; with positiedverse) pressure gradient the boundary
layer thickens rapidly. The adverse pressure gnagikis the boundary shear decreases the
momentum in the boundary layer and if they bothoaetr a sufficient distance they cause the
fluid in the boundary layer to come to rest i.be tetarded fluid particles cannot, in general
penetrate too far into the region of increased qunes owing to their small kinetic energy.
Thus, the boundary layer is deflected sideways fthen boundary, separates from it and
moves into the main stream. In the bumpy surfaeeflibw passed through a wave, the
pressure gradient is negative, at highest elevatidsrecomes zero, and then it becomes
positive. During this time the adverse pressuraligrd tends to separates from the surface.
The flow gets another wave and the flow is attachedthis way the separation is controlled,
i.e.; the separation occur at large attack angle.

B. Lift, drag and moment co-efficient

Aerodynamic forces on the body are due entirelyywio basic sources; firstly, pressure
distribution on the body surface, and secondly sBaass distribution on the body surface.
The net effect of the pressure and shear stressbdisons integrated over the whole body
surface is resultant aerodynamic force. In theegmestudy, it is calculated the lift and drag
coefficients only on the basis of the measuredspresdistribution over the body surface. In
this paper only upper surface pressure coefficiareconsidered to calculate the lift and drag
coefficients.

The following equations are used to calculatdithand drag coefficients:

Lift co-efficient C, :EI(CpI —-Cp,)dx
C 0

Drag co-efficient C_ :%J'(CpI -Cp,)dy
0
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Fig.4. Variation of lift and drag coefficient witittack angle
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Figure 4 shows the variation of lift and drag caéint with attack angle. According to Fig. 4

it is clear to shown that the lift to drag raticieases for introducing the surface roughness.
According to Fig. 5 is has also been found thaththepy surface wing is more stable than
the regular surface wing.
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Fig. 5. Variation of moment coefficient with attaakgle

5. Conclusion

From this experimental investigation it has beeseoled that the flow separation on
the surface of the airfoil can be delayed by theliffation with regular perturbations or
“bumps”. It was found that the stall angle was gethby about 20% when compared to the
“smooth” baseline case, with increase in lift anecréase in drag. This provides the
motivation to examine a potential passive flow colndpplication of “large-scale” roughness
in low Reflows. The lift of bumps surface airfoil will bgreater than the smooth surface.
This also implies that the bumpy surface improves aerodynamic characteristics of the
wing for low Reflow.
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