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Abstract—An ongoing investigation of the effect of
riblets on turbulent boundary layer behaviour over
a rough surface applied to the NACA 0026 airfoil's
surface is the subject of this project. We find that
ribletshave a significant impact on the boundary
layer and turbulence intensity profiles due to their
size and distribution. The greater the wall
roughness, the greater the wake strength when
exposed to riblets. The roughness of the wall has a
significant impact on the fraction of Reynolds shear
stress that each event generates. Fluctuating flow
fields in the turbulent boundary layer may be
measured using Particle ImageVelocimetry (P1V).
The smooth-wall tendency has reversed itself. The
Particle Image Velocimetry (PIV) technique is used
to measure the turbulent boundary layer's
fluctuating flow field. Turbulence characteristics
may be dramatically altered by adding a small strip
of diverse ordered roughness features to the leading
edge of an airfoil.

Index Terms—NACA 0026, riblets, boundary layer,
PIV.

I. INTRODUCTION

The European Commission Emission Trading System
(ETS) has required a 21% reduction in carbon
emissions between 2005 and 2020 in the third phase
of the emission trading session. With an
understanding of fluid mechanics, riblets can help
reduce fuel consumption by decreasing skin friction.
The use of riblets may effectively regulate turbulent
boundary layer and can be used in other areas.
Delaying separation and enhancing aircraft
performance may be achieved by using this technique
on a variety of airfoils. It is possible to reduce drag
using the triangular shape of riblets, according to
[26]. Researchers and industry alike are interested in
TBLC because of its role in improving the
aerodynamic performance of the most significant
modes of transportation, such as ships and planes.

[1], [2], and [3] account for 30 percent of the skin
friction. Overcome this resistance and reduce drag
generated by friction is the key challenge here the study
of roughness in turbulent flows was pioneered by
Hagen [1] and Darcy [2] who observed that roughness
influences pressure drop by increasing the drag force
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and obstruction effects [3]. g. A product's surface may
be rough because of its manufacturing processes [4] or
the wear and tear it experiences on a daily basis (wear
and tear). A gradual transition from laminar to
turbulent flow occurs at the plate's leading edge.

Il. EXPERIMENTATION METHODOLOGY

A. In-house Wind Tunnels

At the Beach and Water Engineering Laboratory, low-
speed blow-down wind tunnel experiments were
undertaken. A two-dimensional contraction nozzle
with an area ratio is followed by a test segment with
an area ratio in the wind tunnel. When the hydraulic
diameter-based Reynolds number in a wind tunnel is
high enough A zero-pressure gradient can be tested in
the test section's size. The test section of the wind
tunnel is 1,2 m by 0,5 m by 3 m. The traverse is placed
on the test portion and may be modified by hand. The
acquisition  system automatically sequenced the
controllers used.

......

Figure 1: Schematic diagram of wind-tunnelgeometry
(Top View)

B.Methods of Production

Specific measurements of surface roughness were
used in this study. As a result, the mold's size was
chosen to enable for a variety of silicone samples to
be produced in various shapes and sizes. Replicas of
the surface roughness mould pattern were made using
the replication process. All air bubbles were removed
from the silicone-hardener mixture before it was
poured uniformly into an aluminium mould. The
lengths of the riblets (s and h) were chosen to be less
than that of the streamwise structure in order to
achieve maximum strength and brittleness. Riblets
come in arange of shapes and sizes, including sawtooth
(V-shaped), scalloped, and blade-shaped. Because of
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their fragility, these riblets should be avoided. Riblets'
performance is influenced by a number of factors.
Fluid resistance is at its lowest point when h=0.6 s.
When the riblet height reaches its maximum, the
surface parameters h and s can be manipulated to
reduce drag to a negative value. Reduced drag and
decreased performance were achieved by using riblets
with higher tips than those with lower tips. A number
of challenges must be addressed before minuscule
riblet grooves may be created [7]. Using a high-
precision computer numerical control (CNC) machine,
silicone samplesand perhaps different riblet designs
are examined. For designing riblets, the streamwise
structure was taken into account when determining s
and h dimensions.

C.Turbulent Glow is influenced by surface roughness
A fluid's pressure drop in a channel is influenced by
the channel's wall roughness. | enhance the shear
stress on the wall by reducing airflow. The turbulent
zone is fully established when the relative roughness
D>0.03 is present. Three new roughness parameters
are proposed by the authors (maximum profile peak
height, RSm, and floor distance to mean line, Fp).
Additionally, the following three aspects of the
regional hydraulic diameter should be taken into
account: According to NACA Tech. Memo. 1292
(1937), the roughness is defined as Rp+Fp
Experimentales Relatives. An experiment is carried
out employing sawtooth ridge components in a
10.03mm wide rectangular channel with variable gap
to measure hydraulic diameters of 325m-1819m and
Reynolds numbers ranging from 200 to 7200 for air,
and from 400 to 5700 in water, as a result of alignment
and offset configurations. To further understand the
turbulent zone, it is necessary to examine both aligned
and offset roughness configurations. At decreasing
Reynolds numbers and increasing relative roughness,
the transition from laminar to turbulent flow may also
be observed. It's possible to split the flow in a
turbulent boundary layer into three regions: an inner
wall area near the wall with minor turbulent stress; an
outer wall region where the turbulent stress is
significant; and an overlap region that's frequently
referred to as the turbulent zone. It is important to
consider the effectof surface roughness on flow in the
wall-dominated area where V* and v are the shear
velocity and kinematic viscosity of the fluid
respectively (i.e. inner wall region and turbulent zone).
A turbulent boundary layer along a rough plate is
subject to the'law of the wall," according to several
studies.

D.Intensities of Turbulence
All flows have a Reynolds number about the same.
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Both flows are exposed to convergent C and
divergent D maximum turbulence intensities near the
wall, which normalises the turbulence intensities, 2.
Depending on the location of the inner peak, it is
possible that turbulence intensities are related to the
outer variables free-stream velocity and boundary
layer thickness. Smooth wall profile was collected at
x 200 mm from the leading edge, whereas C, D and Z
flows were put at x 270 mm from the leading edge in
contrast to the inner variable scaled data (the pressure
gradient rises from x 200 mm to x 270 mm as the
flow area increases).

E.Average speed

A logarithmic movement of space was used in the
design of the traverse. Skin-friction velocity may be
measured using the Clauser technique on uneven and
smooth surfaces. Internal variables U /v are used to
scale velocity, whereas friction velocity U s
generated using Clauser approach to scale surface
normal position. According to the hypothesised
empirical link between B and B, the value of seems
to deviate from frequently accepted values. This is
acceptable, however, because the negative pressure
gradient flow provides the basis for all of the flows
mentioned here. For all measurements, a thickening
flow region results in an exposed sensor part.

NACA 0026 AIRFOIL

A NACA 0026 airfoil's surface has been fitted with
highly organised rough surface riblets, and the results
are being studied. In terms of height, the riblets are
arranged in a converging and diverging manner. The
airfoil was made mostly of wood and aluminium and
had an external geometry of 500 mm span, 600 mm
chord, and 156 mm thickness. Flows through a riblet
are shown to have mean velocity profiles in
logarithmic regions that are converging and diverging
at the same time. The boundary layer thickens due to
converging riblets, and the skin friction in yaw-angle
flows that pass over converging or diverging patterns
is reduced by 30%. The performance of an airfoil can
be improved by adding a narrow strip with varying
ordered roughness characteristics to its leading edge.
600 mm span, 615 mm chord, and 15.6 mm thickmade
up the airfoil's outer geometries Wood and aluminium
were the primary materials used in its construction.
Height measurements for riblets The flow behaviour
of smooth and ribbed surfaces are examined at
intermediate Reynolds numbers. Usingthe method for
perpendicular meshes. The form and arrangement of
the riblets determines the location of detachment and
reattachment sites. In addition, the angle of attack has
an influence on the wake zone's creation.. When it
comes to fast-swimming sharks, we look at how
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riblets affect vortex generation and subsequent
shedding around and past the grove-like architecture of
airfoil  microstructure scales. For this reason,
experiments and computer simulations are utilised to
determine the optimal riblet size. Coatings and paints
containing microstructural  riblets  have been
employed in aerospace and marine applications
because they are effective at decreasing drag.
Moreover, aerodynamic drag is included in the final
citation. The savings on fuel usage would be
tremendous if these programs were publicised. A
number of NACA 0012 airfoils have been fitted with
Riblets [7, 8]. For the NACA 0026 airfoil, wood was
used principally, with a polycarbonate surface and
end plates made of stainless steel and aluminium.
Because the end plates are attached to the sidewalls,
two-dimensionality is less of an issue. On both sides
of the airfoil, glue is smeared throughout the riblet's
surface; The riblet's length from tip to tip. There were
noticeable flecks of resin-epoxy on the surface of the
riblets in the resin-epoxy mixtures. The surface of the
riblets was twisted, making them appear longer than
they really are. The Aeronautical Engineering
Laboratory's low-speed wind tunnel was used for the
experiment, and the temperature difference was
almost nonexistent. With a ball screw pitch of just 1.6
mm and Vecta stepper motors type PK266 to ensure
accuracy, the newly designed traverse has been
completed.
111.CONCLUSION

On the NACA 0026 airfoil, the influence of
converging—diverging surface roughness is examined
experimentally. An inward-outward-diverging riblet
that is 10 degrees out of yaw and zero degrees off of
the riblet's angle. A single-wire anemometry for
hotwire measurements In the inside, the mean
velocities seem jagged because of the uneven terrain.
The average speed in the wake was inversely related
to the frictional speed. Surface roughness has a
greater effect on turbulence intensity at greater
distances from the source. Between 25 and 30 percent
skin friction has been found for flows beyond the
converging and diverging pattern. The findings are in
line with previous studies on vortex generators. Data
on high-order turbulence also show that these flows
are very different. There were three different designs
of a 2D NACA 633418 aircraft tested. In addition to
historical data, a wide range of experimental
measurements were acquired and analysed, including
lift, drag, moment, and boundary layer profiles area.
Stall, as expected, had a terrible prognosis. The painted
vs. smooth tyres have significantly different braking
characteristics.
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