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Abstract - In Modern Aviation, drag reduction plays a

remarkablerole in the bettermentof fuelconsumptionaswell

asthe aerodynamicperformanceof anaircraft. Byoptimizing

the aerodynamicshape petter resultsin lift to drag ratio can

beattained. Creatingturbulenceunderthe subsonicconditions
overthe wing surface the boundarylayer separationcan be

prolongedupto a certain distancein the chord. Theadditional

componentgould beimplementedonthe uppersurfaceofthe

wing to increasethe lift to drag ratio. Fish scales,Inward

dimples,and Vortex generatorsare someof the components
which canincreasethelift -drag ratio ofthe wing. Thesethree

componentsare designedand incorporated on the upper

surface of the NACA4412 wing and analyzed. They were

analyzedat threedifferentanglesof attack usinga simulation

software.

Key Words: Drag, Fish scales, Inward dimples, Vortex
generators,Flow separation,L/D ratio.

1. INTRODUCTION

In fluid mechanics,Dragis aresisting force acting opposite
to the relative motion of any object moving with respectto a
surrounding fluid. Dragforceis proportional to the velocity
for alaminar flow and the squared velocity for a turbulent
flow. Whenthe aircraft travels through the air it encounters
with many types of drag. Eachdrag hasa sourcefor it. The
types of drag are generally divided into the following
categories:i) Parasitedrag which consistsof form drag,and
skin friction drag, ii) lift-induced drag, and iii) wave drag.
Dragdependson the properties of the fluid and on the size,
shape,and speedof the object. Oneway to expressthis is by
meansof the drag equation:

Fi=Ci% p\V2A

The major factor influencing the generation of drag on
aircraft wing is, boundary layer separation.Boundary layer
separation is causedby the viscous forces adjacentto the
wing surface.The flow over the top surface of the wing is
generallylaminar flow under subsonicconditions. Whenthe
angle of attack increasesthe flow attached to the upper
surfaceof the wing tendsto detachfrom it. Thisis known as
the boundary layer separation. Theflow aft of the boundary
layer separationregion hasvorticesthat createdrag on the
aircraft. Researchershavefound out that the conversion of
laminar boundary layer to the turbulent boundary layer

delays the boundary layer separation. The turbulent
boundary layer has more momentum than the laminar
boundary layerthat allows the flow to reattachto the surface
with increasedmomentum. Turbulent kinetic energyis the
mean kinetic energy per unit mass associated with the
eddiesin aturbulent flow. In Automobiles,vortex generators
and other additional drag reducing components such as
dimples, spoilers, guide vanes are used to improve the
performance of vehicles.Theseadditional componentscan
alsobeusedin aircrafts to reducethe drag generatedon the
wing. In this analysis, the comparison on the effect of
dimples,vortex generatorsandfish scalesin the generation
of turbulent boundary layer to reducethe drag is made.All
the components work on the same principle, that is
generatingturbulent boundary layer to delay the boundary
layer separation.

1.1 FISH SCALES

In this analysis,we discussedabout skin friction dragwhich
is generated when a solid moving object interacts with a
fluid. It is generated by the viscous drag in the boundary
layer around the solid object. Dueto the skin friction, asolid
object moving through afluid experiencesadrag force that
restrict the forward motion of that object. By reducing the
skin friction, we canimprove the performance of an object
moving alongthe fluid flow. In nature, the aguaticorganisms
like fishes have special adaption like scales(fig 1.1.1) on
their skin that allow then to swim faster through the sea
water by experiencinglesserdrag force.

In general,an object with a smooth surface have less skin
friction (fig 1.1.2)than an objectwith rough surface.Butin
aerodynamicaspectof an aircraft wing, the smooth surface
cause the formation of laminar boundary layer which
detachesquickly from the surfaceof the wing athigher angle
of attack and causes creation of excessive drag. From
researches, it is found that the conversion of laminar
boundary layer to turbulent boundary layer can delay the
boundary layer separation. To generate the turbulent
boundary layer, researchersare usingvarious methods.lIt is
found that the fish scalecanalsohelp to createthe turbulent
boundary layer. Thescaleis asmallrigid plate that grow out
of the skin of the fishes. There are different types in the
scales of the fishes that are Placoid (sharks and rays),
Cosmoidlungfishesand somefossil fishes),Ganoid(bichirs,
Bowfin, paddlefishes,gars, turgeons), Cycloidand Ctenoid
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(bony fishes). Scientist and Researchershave been using
new concepts that are inspired from the nature for the
developmentin various fields of engineering.In this analysis
we have used Cycloid type fish scale. The scales are
generatedover the surfaceof the aircraft wing to reducethe
drag force and to delaythe boundary layer separation.

ek

fig 1.1.1. Cycloid scalesof Salmonfish

Skin Friction Drag

fig.1.1.2. Skinfriction drag over an airfoil
1.2 DIMPLES

In aerodynamic field, the most important thing to solve is
nothing but reducing drag. In an aircraft, the drag can be
reduced by many techniques. One of those techniques is
dimples. Dimples are nothing but simply vortex generators
in asphereshape.lt isinspired from the golf ball which has
dimples all over the surface.With the analysis of smooth
surfacedgolf ball(fig.1.2.1) and dimpled golf ball(fig.1.2.2), it
was found that the dimpled ball haslessdrag and travels
longer when comparedto the smooth ball.

It is becausethe dimples delay the flow separation. Flow
separation is the major reasonfor increasing the drag by
creatingthe wakeregionin rear part of the ball. In anairfoll,
dimples are mostly placedon the upper surfaceat the flow
separationpoint. It prevents the boundary layer separation
for longer time which in turn helpsin reducingthe pressure
drag.Dimples not only reducing drag but alsoincreasesilift.
It createsturbulent boundary layer by creating the vortices.
Becauseturbulent boundary layer reducesthe wake region
than the laminar boundary layer. At zero angleof attack,the
dimples do not reducethe drag.But when the angleof attack
increases, the flow separation also increases where the
dimples cameinto work. Therearetwo typesof dimples are
usedin airfoil.

Oneis inward dimple(fig.1.2.3) and another oneis outward
dimple(fig.1.2.4). In arecent study, it is found that inward
dimple has greater lift to drag ratio when compared to
outward dimple.
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turbulent flow

fig.1.2.1. Smoothsurfacedfig.1.2.2. Dimpled golf ball
golf ball

fig.1.2.3. Airfoil with inward dimple

fig.1.2.4. Airfoil with outward dimple
1.3 VORTEXGENERATORS

Vortex Generatorsare the small plates,placedonthe surface
of the wings that changesthe flow of air alongthe surfaceof
wing. The main application of the vortex generator is to
generatesmall vortices that keepsthe flow of air closerto
the surface,thus delayingthe flow separation.Thisincrease
lift and reducesdrag.Mostly the vortex generator plays key
role at low flight speeds,climb, and high angles of attack.
Vortex generators can increase the performance and
stability of the aircraft. By placing vortex generators, the
wing can now operate at higher angle of attack before the
airflow separation causesa stall. In Short Take Off and
Landing aircrafts the vortex generators will be along the
leading edgeof wing. In airliners, it is in front of the flaps,
where large adversepressure gradients are developed.

Vortex generatorsare positioned slantwise sothat they have
an angle of attack with respectto the local airflow. Since
vortex generators can reduce the stalling speed of the
aircraft, they can reduce the required one-engine
inoperative climb performance. The reduced requirement
for climb performanceallows anincreasein maximumtake-
off weight, at least up to the maximum weight allowed by
structural requirements. An increasein maximum weight
allowed by structural requirements canusually be achieved
by specifyinga maximum zero fuel weight or, if amaximum
zerofuel weight is already specifiedasone of the airplane's
limitations, by specifying a new higher maximum zero fuel
weight. For these reasons,vortex generator kits for many
light twin -engineairplanesare accompaniedby areduction
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in maximum zero fuel weight and an increasein maximum
take-off weight.

Vortex generatorscanalsobe usedto reducethe noiseof the
aircraft, for example,Lufthansaclaims a noise reduction of
up to 2 dB achievedby using vortex generators.

Wing Without Vortex Generators

A s
oW Separation )
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) 529731

) dika )

fig.1.3.1. Wing without vortex generators

Wing With Vortex Generators

High Energy

fig.1.3.2. Wing wit h vortex generators

2. LITERATURESURVEY

il

In 'Streak formation in flow over Biomimetic Fish Scale
Arrays', Muthukumar Muthuramalingam,LeoS.Villemin

and Christoph Brueckerdid Numerical flow simulations

and experiments with a physical model of the surface
pattern in aflow channelby mimicking the flow overthe
fish surface with a laminar boundary layer. The scale
samples of European bassfishes are analyzedwith a
digital microscopeusing 3D mapping feature. Later the

scale surface is replicated using CAD design. The 3D
printed scalemodelis placedin aflow channeland the

flow overthe scalesurfacewith laminar boundary layer
is visualized. The velocity variation along the

arrangementof scalesis analyzedand is found that the

velocity at the center of each scale is low and the

velocity atthe scale overlapping regionis high. Theratio

betweenthe boundary layer thicknessandthe scalehigh

is varied and the skin friction drag and total drag are
calculated. The results show that when the ratio

between boundary layer thickness and scaleheight is

about 15, the total drag on the surface with scaleis

reduced 3.83% comparedto the flat surface.

f

In this study of * Wa tr&pping and drag-reduction
effectsof fish Ctenopharyngodonidellus scalesandtheir
s i mul aby WwLiyan,JiaoZhiBin SongYuQi, Ren
WenTao, Niu ShiChao & Han ZhiWu, the surface
microstructures of the scales of the fish
Ctenopharyngodonidellus were observedandanalyzed.
Anumerical simulation analysiswasconductedthrough
computational fluid dynamics. The entire structure of
the fish scales of fish Ctenopharyngodon idellus is
composedof abasal laterals,scalefocusandapical. The
apical areais the only exposedpart during swimming,
which suffers friction from water. The “ cr e s
microstructures arrangedin an orderly manner play a
vital role in reducing the drag.With the increasein flow
speed,more kinetic energywasrequired to maintain the
vortex formation and existence, thus gradually
increasing both the viscous resistance and pressure
force,in turn increasingthe total resistancein the near-
wall area.However,comparedto the flat plate, the flow
rate in the non-smooth was approximately 0.66 m/s,
and the maximum drag reduction rate was 3.014%.
Thus, the bionic surface showed remarkable drag-
reduction effect.

In 'Analysis of Dimpled Wing of an Aircraft' research
paper by Vishal Kaushik, Manoj Mahore, and Sandeep
Patil, they designedand analyzedthree types of wing:
without dimples, with inward dimples, and with
outward dimples.Their computational study provesthat
the wing with inward dimples producesmorellift atlow-
speedthan the other two configurations.

In 'Effects of Dimples on Aircraft wing' researchpaper
by Prasath. M. S and Irish Angelin. S carried out an
experimental analysison asymmetrical wing whichwill

reducethe drag ad and delay the flow separation point
over the upper surfacewing by using the dimple effect.
Dimples delay the flow separation point by creating a
turbulent boundary layer by reenergizing potential
energyinto kinetic energy.Theyhadtakensymmetrical
airfoil to construct the wing fabricated along with the
probe holesto measurethe pressureatthe dimple. They
conductanexperimentin asubsonicwind tunnel aswell
as numerical methods for computing integrals, the
trapezoidal rul e.From the experiments,it hasconcluded
that the presence of dimples on Aircraft wings will

reducethe drag aswell asincreasesthe stall angleand
cannotbe applied to all airfoil profiles.

T In® Ex p er iStudyof Airdoll performancewith

Vortex Generators, aresearchpaper by M.B.Braggand
G.M.Gregorekform Ohio State University, Columbus,
Ohio., an experimental canard wing airfoil was
constructed basedon the Voyageraircraft. It wasfound
that dueto the roughnessin the wings surfaceandsome
atmospheric conditions the separation of the boundary
layer was too quick in the canard wing of the Voyager.
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So, an experimental setup was made to analyze the
effectsof placing different types of vortex generatorson
the model of a wing. The types of vortex generators
included: small, large, and delta. It was concludedthat
the deltavortex generatorsplacedon the wings reduced
more drag than the other types by slowing down the
flow separation.

1 In the research paper, ‘On the Aerodynamicsand
Performance of active Vortex generators by RonBarrett
and Saeed~arokhi, from University of KansasLawrence.
An experiment was conductedto find out the effect of
vortex generatorson NACA4415 wing sectionin aLow
speedwind tunnel at 1.6 ft/s and Reynoldsnumber of
3400.The experiment was done with both Wedge
(Singletand doublet) and ramp vortex generators.From
the result, it was found that ribbed ramp has greatest
distance of flow separation than both singlet and
doublet wedge Vortex generators and doublet wedge
vortex generator has greatest Cl max among them. It
was also found that pneumatically activated VGs
increasethe Clmaxthan the normal VG.

3. METHODOLOGY

3D CAD models are created with the help of CATIA V5
software. CATIA (Computer-Aided Three-dimensional
Interactive Application) is a multi-platform software suite
for computer-aided design,computer-aided manufacturing,
computer-aided engineering, developed by the French
companyDassaultSystémesAfter modelling,the 3D models
are analyzedusing ANSY Software. ANSYSs a mechanical
finite element analysis software is used to simulate
computer models of structures, electronics, or machine
components for analyzing strength, toughness, elasticity,
temperature distribution, electromagnetism fluid flow, and
other attributes.

4. GEOMETRYMODELLING
4.1 PROPERTIESOFTHE AIRFOIL

The NACAA4412 airfoil is chosenfor modelling. The drag
reducing componentsare createdonthe upper surfaceof the
wing. The chord length of the airfoil is scaledup by 2 times
andthe wingspanis 2 times the scaled-up chord length.

fig.4.1.1. NACA4412 airfoil

Transition point
Maxthickness

40% from leading edge
12% at 30% chord

Max camber 4% at 40% chord

Table z 1: Properties of the airfoil

4.2 FISHSCALES

In CatiaV5,the fish scalesare created on the surface of the

wing asshownin the fig.4.2.1.Thenumber of frontier scales
are 19 andthere are 20 scalesin the secondrow. The Scales
on the two rows overlap with eachother. Eachscalehasthe

maximum thickness of 3mm and the distance between the

cycloid scale from center to center, row wise is 20mm X

20mm. Thedistancebetweenthe cycloid scalesfrom center

to center, column wise is 10mm*10mm.

fig. 4.2.1. Wing with fish scales

4.3 INWARD DIMPLES

In CatiaV5,the inward dimples are createdon the surfaceof
the wing as shown in the fig.4.3.1. The diameter of the
inward dimple is80 mm.Thereare21inward dimples.each
of spacing 18mm from center to another center of the
dimple.

fig. 4.3.1. Wing with inward dimples

4.4 VORTEXGENERATORS

In CatiaV5,the vortex generatorsare createdon the surface
of the wing asshown in fig.4.4.1.The dimensions of vortex

Airfoil type NACAZ412 generators are 16mm * 0.5mm * 3mm, respectively. The
ch distancefrom the top end of one VGto anotheris 24.30mm
ordlength 20cm . .
. anddistancebetweenthe bottom end of oneVGto anotheris
Wing span 40 cm
36.95mm.
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fig.4.4.1. Wing with vortex generators
5. ANALYSIS

5.1 MESHING

Meshingis an integral part of the engineering simulation

processwhere complexgeometriesare divided into simple

elementsthat canbe usedasdiscrete local approximations

of the larger domain. The mesh influences the accuracy,
convergenceand speedof the simulation. In this, Gtype flow

domain meshis createdand refined.

| 1 < .0 - B X - :
fig.5.1.1. Generate

— Ny

5.2 FLUENT(CFD)

ANSY20 R1- Fluentis usedfor simulation purpose.Fluent
is the industry -leading fluid simulation software used to
predict fluid flow, heatand masstransfer, chemicalreactions
and other related phenomena.Known for delivering the
mostaccuratesolutionsin the industry without compromise,
F | u e advahced physics modeling capabilities include
cutting-edge turbulence models, multiphase flows, heat
transfer, combustion, shapeoptimization, Multiphysics etc.

The SST k-omega turbulence model is used for the
calculations.It is atwo-equation eddy-viscosity modelthat is
used for many aerodynamic applications. The boundary
conditions and inputs of the analysisare briefly mentioned
in the table -2.

Boundary conditions

Input

based
Time Transient
Velocity 18 m/s

Table z 2: Boundary conditions
6. RESULTS

All the three modified wings are analyzedat three different
angles of attack (9°, 12° and 15°) and the magnitude of
velocity is given as18m/s. After the initial hybridization is
done, the calculations are run. The plain wing without any
drag reducing componentsis first analyzedat 15° angle of
attack andits G.and G are obtained. The default colourmap
asshownin fig.6.01.is usedto visualizeall the contours.Blue
represents the minimum value, green the middle, and red
the maximum value.

fig.6.01. Colourmap

| —

fig.6.02.[Top view] Contoursof pressure

fig.6.03. [Top view] Contoursof turbulent kinetic energy

Model ViscousSSTk-omega
Method Coupled—Leastcell square
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fig.6.04. Vectorsof velocity
6.1 FISHSCALES fig.6.1.22. Turbulent kinetic energy

a) At the angle of attack -9o c) At the angle of attack -15¢

fig.6.1.11. Pressurecontours
fig.6.1.31. Pressure contours
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fig.6.1.12. Turbulent kinetic energy fig.6.1.32. Turbulent kinetic energy

b) At the angle of attack -12¢
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fig.6.1.21. Pressurecontours
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6.2 INWARD DIMPLES c) At the angle of attack -15¢

a) At the angle of attack -9°

fig.6.2.31. Pressurecontours

fig.6.2.11. Pressurecontours
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fig.6.2.32. Turbulent kinetic energy

6.3 VORTEXGENERATORS

fig.6.2.12. Turbulent kinetic energy a) At the angle of attack -9e

b) At the angle of attack -12¢
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fig.6.3.11. Pressure contours

fig.6.2.21. Pressurecontours
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fig.6.3.12r.—TurbuIent kinetic?nergy

fig.6.2.22. Turbulent kinetic energy
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b) At the angle of attack -12¢ 7. COMPARISON GRAPHS
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fig.6.3.32. Turbulent kinetic energy
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8. COMPARISON; TABLE

8.1 COEFFICIENFLIFT (C)

ANGLEOF FISHSCALES INWARD VORTEX
ATTACK DIMPLES GENERATORS
9° 0.51813332 0.60868076 0.60895898
12° 0.61706762 0.72318932 0.73575341
15° 0.70970283 0.78371795 0.85421434
Table z 3: Valuesof G
8.2 COEFFICIENTOFDRAG(Cy)
ANGLEOF FISHSCALES INWARD VORTEX
ATTACK DIMPLES GENERATORS
9 0.07996112 0.07854953 0.08965995
12° 0.10704083 0.10539106 0.12132659
15 0.14335013 0.13690259 0.15634461
Table 7z 4: Valuesof G
8.3 LIFT z DRAGRATIO (G, &)
ANGLEOF | FISHSCALES| INWARD VORTEX
ATTACK DIMPLES | GENERATORS
9° 6.47981569 7.74900575 | 6.791872848
12° 5.76478732 6.86196078 6.064238763
15° 4.95083492 5.72463932 | 5.463663506

Table z 5: Valuesof G, G

9. CONCLUSION

Onanalyzing the wings at different angle of attacks, it has
been obviously observed that lift to drag ratio drastically
increases(under subsonic condition) when it is added up
with certain aerodynamic components (fish scales,inward

dimples, and vortex generators). Thesethree components
havethe ability to generatevortices andthe boundary layer
flow changesrom laminar to turbulent. It resultsin delayed
boundary layer flow separation and reducesthe drag. The
inward dimples give better results compared to vortex
generatorsandfish scalesFromthe resultsit is evident that
wheninward dimples are addedon the upper surfaceof the
aircraft wing it gives higher aerodynamic efficiency (L/D

ratio increases),increasesthe stall angle,and gives better
aircraft fuel economy.However,experimental studiesmight
beneededto beperformed. It is alsonecessaryto determine
the feasibility of generation of dimples on aircraft wings.
This conceptcannotbe applied to all airfoil profiles.
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