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ABSTRACT

Engineering marvels have led to the design andlkbé wing-in-
ground (WIG) craft to fill the gap between shipslaircraft as a
new opportunity for transportation. One of the msigmnificant
issues in WIG craft are drag and lift force whee thaft starting
to plane. Living nature has been used to solventieationed
challenge. There are various ways in nature toaedirag force
in fluid flow, such as the evidence in the moverseat fish,
sharks and dolphins, the skin of fast-swimming lehas covered
by microriblets that assist them to move fast. hs tstudy,
Computational Fluids Dynamics (CFD) method is impéated
to the investigation the influence of microribletinf on
aerodynamic of the WIG craft. A Clark-Y wing wasnsilated in
ANSYS CFX simulation software at various Reynoldsnber to
investigate the effects of riblets on aerodynarhiaracteristics of
the wing in ground effects.

KEY WORDS: WG craft; CFD method; Clark-Y Wing;
Riblet; Drag reduction; Lift growth.

1.0 INTRODUCTION

The wing-in-ground-effect (WIG) craft bridge betwee
aircraft and water craft. The speed of WIG crafhigher than a
traditional fast boat and its efficiency is greatean an aircraft.
The low fuel consumption of WIG craft in cruise neoés an
excellent economic option compared to aircraft.sTaidvantage

makes the WIG craft to have long flight endurantkee flow
behaviour around a wing is substantially influenbgdhe ground
effect. The stagnation point shifts to the lowatesdf the wing
and leads to a larger part of the air divertingrabe wing [1].
Therefore, the speed of the air at the lower sifl¢he wing
reduces and hence it raises the pressure and amlgrda
dynamic air cushion is created. For a very low grbulearance,
large pressure is generated at the pressure siheech as ram
pressure, as the lift obtains a noticeable enhaecem
Concurrently, the downwash velocity reduces andsesua drop
in induced drag [2]. The effective aspect ratiotleé wing in
proximity to the ground is greater than a geomaeidrie [3]. Two
phenomena influence the aerodynamic charactersiraj when
the wing approaches the ground. These are calkeu dpminated
and chord dominated ground effect. The main paranretated
to span dominated ground effect is h/b (heightgarsratio) and
for chord dominated ground effect is h/c (heighthord ratio).
Many researchers have made some efforts to deWl&p craft
to fly near the ground. The earlier researchesiéndevelopment
of WIG craft were carried out in Finland, Russiae8len and the
United States [4]. Recently, many countries sthttework and
develop WIG craft because of their advantages sashuel
saving and high speed compared to other water beshidhe
studies on the configuration of WIG craft experitadly and
theoretically have been made to improve their agradhic
performance. The principal means to develop liffiacce is the
ram effect; lift is improved when the flow underttedhe wing
body around stagnation point on the pressure sur{tmver
surface of body) is trapped. The gathering of ligssure on the
lower surface and low pressure on the upper sudatee body
produces a high lifting force which increases tloirse of
support. Chun and Chang numerically investigaledttirbulent
flow of the wing with and without considering thifeets of the
ground [5]. An incompressible Reynolds Average Nex8tokes
(RANS) equation with finite difference method waspbed in
their numerical model. According to their compudatl results,
the type of ground model does not have much effacthe lift
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and moment coefficients, but the predicted dradfimoents with
the fixed bottom were slightly smaller than the ingvones.
Zerihan and Zhang numerically analysed the pressistebution
and wake region around a single element and wadatedl by
experimental data [6]. A Reynolds-averaged Navitok&s
(RANS) was exercised for 2D simulation with struetli grid,
and the SST k-w and Saplart-Allmaras turbulence etsodere
employed for turbulent flow around the wing. Tekentt al
demonstrated that SST k-w and realizabletkrbulence models
are suitable for estimating the pressure distringi and
visualization of wake region, respectively. Thegdisnulti block
hybrid grids. Also, the standardekturbulence model was applied
for a racing car wing [7]. The flow structure undbe suction
surface of the invert wing is constrained with grddevel. The
flow considerably accelerates as the wing appraachéh
proximity to the ground which results in higher soic and
consequently greater downforce as compared withsfream.
The greater downforce may lead to the separatiahefluid at
the rear of suction surface. Using shark’s riblstdeemed to be
better solution to destroy the effects of the sa&fi@m on wing in
the ground effect [8]. The riblet on the surfacdasft swimming
sharks decreases the drag as they move througtetee[9].

The small scales covering the skin of fast-swimnshgrks,
identified as dermal denticles (skin teeth) aremied like small
riblets and arranged in the direction of fluid floRiblets are
useful for drag reduction of objects where the deagaused by
turbulent flow, where on the objects with fairlafledges [11].

2.0 DRAG REDUCTION BY SHARK'S RIBLET

The compliant skin of dolphins has been studied doag
reduction capabilities, and showed to be usefutdsponding to
the pressure fluctuations across the surface [R#jlets are
beneficial for drag reduction of objects where thiag is caused
by turbulent flow, thus suitable for the long oltfewith fairly flat
edges. Riblets are not effective on objects witbspure drag as
their dominant drag force [13]. Geometry of riblételudes
blade, saw tooth, scalloped, and bull nose withtinapus and
segmented configurations (aligned and staggered)ypical
geometries of saw tooth, scalloped and blade sldet shown in
Figure 2 [14].

Figure 1. Blade microribl

In turbulent conditions where the fluid moleculesva in
nonparallel directions and thus cross flow velesitexist between
the molecules, a noticeable increase in momentamster will
occur. This increase is of high significance beeawmny
momentum transfer parallel to the object surfack wcrease

drag. Riblets, the small pieces covering the irsgdadrag in
turbulent flow by decreasing the momentum transféris is

possible by the elevation of the vortices above shédace and
prevention of the cross-stream movement of theastreise

vortices in the viscous sublayer [15]. The use ibfet for the

purpose of drag reduction does not seem obviousthat
beginning, because it increases the total wettesh, athus
increases the drag due to the rise in the sheasss{ii6]. But,
another mechanism appears here, which is the difth the

vortices by the riblets. What happens is that tiblshift the
formed vortices to the riblet tips region and fluidth lower

velocity will flow between the tips. Therefore, theortices

interaction is only with the small surface of thpstand high
shear stress happens in this small area whereakre area
between the tips experiences a slight shear staassed by the
low velocity flow. When the vortices are kept abdke tips, the
fluctuations of the cross stream velocity betwdem ttiblets are
much lower than that above of the aerofoil. Themefohe shear
stress and momentum transfer is lower near a ribbetered
surface, which reduces the effect of increased digato the
riblets [17].

3.0 NUMERICAL ANALYSIS

A simulation was done using the ANSYS design madell
software [18]. The computational geometry is shawfigure 3.
A Clark-Y aerofoil was used which has a chord langft 7.5 cm
and a span of 10 cm. In this study, the aerofo# wiamulated by
film with and without microriblets. The foil withral without
microriblets was placed in a fluid flow at variouslocities. The
dimensions of the riblet that applied on the aelofme h =
162um,s = 340um and are shown in Figures 4. For 5 different
speeds, principal aerodynamic characteristics warmpared
between the plain (no riblet) and ribleted aeroféigure 3 shows
the physical domain of simulation. To simulate grdweffects,
the bottom wall is set to move with the inlet saga

LARRRRRMRRRERPA Y

Dimension of riblets

Microriblets applied on the
aerofoil's surface

Figure 2. The size of riblets applied on aerofaisface

3.1 Meshing

A simulation was made by various number of mesmetds and
eventually the optimum value of mesh is selectesebaony™

values. Five different meshes representing coafs0,214
nodes), medium (2,053,680 nodes), fine (4,238,5V8)y fine
(7,464,312 nodes) and ultrafine (10,464,312) wet@mened to
select the best mesh size for the riblets base¢demaximumy*
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and predicted drag coefficient. The drag coefficigranges from 0.3
the coarse mesh to the ultrafine mesh, where aeptalde ’
maximum y* = 18 is achieved. This value assures that the 0.295
boundary layer can be fairly well resolved. An atibn was 0.29 .’-.—__._-_.-—_.
considered around the aerofoil and the size of meshchanged. ’
By using 7.4 million nodes the predicted drag degfht reached 0.285
0.211902 and after introducing the inflation by tlirst layer = 98
height of 5e-4, about 10 million elements were #@eguand the o - /‘/"
predicted drag coefficient reached 0. 21119 (altbftpercent 0.275
difference). Therefore, the very fine mesh was ciete for the 0.97
simulations. ’
0.265
0.26
4.0 RESULTS AND DISCUSSION @ & ® @ @
53 3 K & &
Plots in Figure 5 show numerically simulated flowep an %_b?' ‘b-% %BP umbi;_\% h(-b%

aerofoil without and with riblet on top of the sace. Values of
drag reduction are based on the Reynolds number.didgram
reveals that the drag coefficient of the ribletedofoil is less than
a simple plate. The graph in Figure 5 comparewv#hees of drag
coefficient based on Reynolds number for the rédaeaerofoil
and plain aerofoil. It shows that by increasing speed, the drag
coefficient is reduced and the maximum amount afjdeduction
of ribleted aerofoil in comparison with the plaierafoil is 7%.
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Figure 3. Drag coefficient based on the Reynoldslmer for the
plain and riblet aerofoil at different velocities

Based on the Figure 6, the lift coefficient of titdeted aerofoil
is higher than the plain aerofoil in different vales and it is
because of the effects of riblets on vortex aratnedaerofoil. The
riblets have some strong effect on the lift productdue to
vortices.

—8—CL Riblet  ==@=CL Plain

Figure 4. Lift coefficient on the Reynolds numbéaip and
microriblet aerofoil at different velocities

What happens is that the riblets shift the formedives towards
the riblet tips and the fluid with lower velocityiliflow between

the tips [19]. Therefore, the interaction of vogesds only with the
small surface of the tips and hence high sheassstareting on this
small area whereas the large area between thexjperiences a
slight shear stress caused by the low velocity flsvhen the
vortices are kept above the tips, the fluctuatiofishe cross
stream velocity between the riblets are much lothem that
above a flat plate. Therefore, the shear stressnaochentum
transfer are lower near a riblet covered surfadechvreduces the
effect of increased area due to the riblets.

4.1 Pressure coefficient

The variation of the pressure coefficient (Cp}het middle span
on the surface of the rectangular wing was stutbiedhe ground
effect and is shown in Figure 7. The positive presson the
lower surface and negative pressure (suction ¢ftecthe upper
surface of the wing increased when the microrikdetsused. The
pressure of the upper surface is lower than theedosurface.
According to Figure 10 at 70#n the ribleted aerofoil created

suction is higher than that of the plain aerofGibnsequently, the
aerofoil may start planning with higher suction gmere and
hence energy consumption decreases. The flow cemakily

accelerates as the riblets applied on the aenafaith results in a
higher suction and is, therefore, greater downf@secompared
with freestream.
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Figure 5. Pressure coefficient along the chord of the midsection of
the microriblet and plain aerofoil

Based on Figure 7 the pressure difference between the upper and
the lower surface of the ribleted aerofoil is higher than the plain
simple aerofoil and it means that the ribleted aerofoil produced
more lift force than the plain aerofoil.

4.2 Pressure Plots

Pressure contours in Figure 8 represent that at various velocities
the pressure of the plain aerofoil is smaller than ribleted aerofoil.
While pressure starts to increase, the wing can easily start to
plane because the air pressure helps it to fly, but in the plain
aerofoil, there is no auxiliary force and need higher energy to start
flying. Consequently craft use plain foil surface would need an
engine of larger power and thus it would increase the cost of
production of the aircraft and higher operation cost. For the
ribleted aerofoil the stagnation point would be placed at the lower
position than plain aerofoil and therefore the sensitive areas of the
wing, especially at the leading edge of the aerofoil receives lower
force than that of the plain aerofoil.

V=302 Plain aerofoil

V=302 riblet aerofoil

V=702 Simple aerofoil

V=707 Riblet acrofoil
Figure 6. Pressure contours for different velocities
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l 9.000e+001
4.3 Velocity plots 8.100e+001
Velocity contours of ribleted aerofoil and plairrafeil are shown 720084001
in Figure 9. Based on the figure, the separatiorthenribleted :
aerofoil is delayed compared to the plain aerofbimeans that Ll
the major parts of aerofoil have smaller pressockthe force due 5.400e+001
to the reduction of fluid separation and lift foraee increased at 45004001
similar velocities. The bottom of the ribleted deibhas smaller A B
velocity and thus higher pressure compared with dh#he plain i
aerofoil. 2.700e+001
3.800e+001 " 1.800e+001 !
F 3.420e+001 l 9.000e+000
3.040e+001 N Mffle<nnn
2.660e+001 V=70_ Ribleted aerofoil
2.280e+001 . . . .
Figure 7. Velocity contours of different velocgiéor
1.9008+001 microriblet and plain aerofoil
15204001
1.1406+001 The velocity contours in Figure 9 show that theasafion on the
i plain aerofoil is more likely than ribleted aerdfovhich means
’ . T that the major parts of the wing have smaller pressand the
3.800e+000 : force due to fluid separation decreases and théli€e increase
0.000e-+000 in similar velocities. For aerofoils sometimes theparation

occurs near the leading edge and hence it givesowtly to a

V=302 plain aerofoil ! .
s short bubble. Separation can be dangerous espettalards the

l nROE trailing edge where the flow is not reattachedhis situation, the
3.4200+001 separated region merges with the wake and maytriesalstall.
3.040e+001 Using microriblet film makes flow to be more abetral urbulent
2,6606+001 flow has more energy and momentum than laminar faowd
228064001 hence it may eliminate separation and the flow meattach. A

short bubble may not be of much concern. The botbérthe
oty ribleted wing has a lower velocity compared withtthf the plain
1.520e+001 aerofoil, which, in conclusion, has a higher pressuThe
1.140e+001 separation in the boundary layer may lead to ammrgment of
7.6006+000 the displacement thickness which lessens the pateut fluid

I 2.8006+000 L flow.
0.000e+000

V=30= Ribleted aerofoil 5.0 CONCLUSION

l9 +001
8.100e+001 The reduction of skin friction in aviation industhelps to save
720004001 fuel, which is a positive aspect for the environtreamd hence the

reduced costs for operation. One promising wayerease skin
6.300e+001 friction is to structure surfaces with riblets. iFhresearch
5,400e+001 numerically investigated the effects of shark's lai® on
45004001 aerodynamics parameters of the aerofoil in air, different

Reynolds numbers. In this research, riblets areulsited in
SOt ANSYS CFX. The present research numerically studiee
2.700e+001 ’ physics of the flow around a Clark-Y wing sectiam WIG craft
1.800e+001 at different velocities. Results reveal that skiittfon drag is
9.0006+000 effectively reduced by using riblets, especiallyotigh lifting
n'm+m turbulent vortices. Effects of transverse shearesstr and

momentum transfer are minimized by vortices lifting
Experimental data using riblets of 3M Company wesepared
with the present numerical results. Based on tedipted results,
ribleted aerofoil has a higher drag reduction dutB8%aerofoil.
By comparing the drag coefficients of the plain aitdeted flat
plates it is concluded that riblets can reduce doace about 7%
and increase lift production of force about 6%. Tieeorded

V=70'SE Plain aerofoil
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positive pressure on the lower surface of the téloleving was
noticeably stronger than that of the plain wing.wdwer, the
suction effect on the upper surface of the plaingmvas slightly
higher.
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