
© 2024, IRJEdT Dec-2024 Page 919 

International Research Journal of Education and Technology 

Peer Reviewed Journal 
ISSN 2581-7795 

  

 

INVESTIGATION ON EFFECTS OF RIBLET TEXTURES ON THE 
PERFORMANCE OF CHOSEN AIRFOIL 

Sanjay kumar G, Jefin Paulson J, Vetrivendhan M, Praveen kumar P 

1Student, Dept. of aeronautical engineering, Anna University, IN 

2Student, Dept. of aeronautical engineering, Anna University, IN 

3 Student, Dept. of aeronautical engineering, Anna University, IN 
4Student, Dept. of aeronautical engineering, Anna University, IN 

 

---------------------------------------------------------------------***-------------------------------------------------------------------- 

- 

Abstract -This study examines how riblet textures affect 

a particular airfoil's aerodynamic performance. Riblets are 
tiny, micro-structured patterns on a surface that are known 
to improve flow stability and minimize drag by managing 
turbulent boundary layers. The study examines how 
various riblet geometries—such as height, spacing, and 
orientation—affect an airfoil's lift and drag properties 
under various flow circumstances. The airflow over a 
selected airfoil with riblet textures is modeled using 
computational fluid dynamics (CFD) simulations, and its 
performance is compared to a baseline with a smooth 
surface. The study investigates the effects of riblet shapes 
on important aerodynamic characteristics such boundary 
layer behavior, pressure distribution, and lift-to-drag ratio. 
Results indicate that optimized riblet patterns can 
significantly improve the aerodynamic efficiency of the 
airfoil, leading to reductions in drag and improved overall 
performance. This investigation provides valuable insights 
into the potential of riblet textures for enhancing the design 
of high-performance airfoils in various engineering 
applications, including aviation and wind energy systems. 
This work models the airflow over an airfoil with different 
riblet patterns through a thorough investigation utilizing 
computational fluid dynamics (CFD) simulations. The main 
objective is to assess the impact of various riblet 
parameters, such as riblet height, spacing, and orientation, 
on the aerodynamic performance of the airfoil in both 
subsonic and transonic flow scenarios. To evaluate the 
performance gains by applying riblet textures, simulations 
are compared to a baseline smooth airfoil surface. 
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1. INTRODUCTION 

A fundamental aspect of aerodynamics has always been the 

search for high-performance airfoils, especially for uses in 

high-speed vehicles, aviation, and renewable energy. An 

airfoil's ability to produce lift while reducing drag is 

commonly used to gauge its aerodynamic efficiency, 

guaranteeing peak performance in a variety of operating 

scenarios. Innovative methods to improve airfoil efficiency 

without appreciably increasing their complexity or weight 

are becoming more and more necessary as the design and 

operating requirements of contemporary aerospace and 

wind energy systems continue to change. The application of 

riblet textures—microscale, geometric surface patterns 

intended to regulate the turbulent boundary layer's 

behavior—is one such potential technique. Because of their 

ability to lower drag in turbulent flows, riblets have drawn 

a lot of interest in the fields of fluid mechanics and 

aerodynamics. By encouraging smoother, more regulated 

transitions between laminar and turbulent flow regimes, 

riblet textures aim to alter the flow characteristics close to 

an airfoil's surface. When properly engineered and 

deployed, riblets can lower the frictional losses linked to 

turbulent boundary layers, which lowers drag overall and 

improves an airfoil's lift-to-drag ratio. 

This investigation focuses on understanding the 

effects of riblet textures on the aerodynamic performance 

of a chosen airfoil, with particular emphasis on the drag and 

lift characteristics under various flow conditions. 

Computational fluid dynamics (CFD) simulations are 

employed to model the airflow over an airfoil equipped 

with riblet textures and to compare these results with those 

from a smooth, untextured airfoil. By systematically varying 

key parameters such as riblet height, spacing, and 

orientation, the study aims to identify optimal riblet 

configurations for minimizing drag while preserving or 

even improving lift generation capabilities. 
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One of the main problems in fluid dynamics is 

lowering drag, especially when it comes to aerodynamic 

surfaces like airfoils. Drag reduction boosts the 

performance of wind turbines, race cars, and other vehicles 

that depend on aerodynamic surfaces in addition to 

increasing the fuel efficiency of airplanes. Researchers have 

been investigating a variety of drag-reducing tactics for 

decades, including as active flow control methods, surface 

roughness adjustments, and form optimization. The 

concept of riblet textures was first proposed in the late 20th 

century by scientist and engineer, Richard Antonia, who 

found that small surface ridges aligned with the flow 

direction could reduce skin friction drag in turbulent flows. 

Riblets are typically characterized by their longitudinal, 

microscale ridges that span the direction of the flow, 

resembling tiny "teeth" or grooves that engage the 

turbulent boundary layer. The riblets function by 

disrupting the large-scale turbulence and reducing the 

velocity fluctuations near the surface, thereby reducing the 

skin friction component of drag. Early experiments with 

riblets were primarily conducted in wind tunnel settings on 

flat plates and simple geometries, where it was 

demonstrated that riblets could yield up to a 10% reduction 

in drag. Since then, the application of riblets has been 

explored on more complex surfaces, including airfoils and 

wings, with varying degrees of success. However, the effects 

of riblets on real-world airfoils, which typically operate 

under dynamic and three-dimensional flow conditions, 

remain an area of active research. 

The main goal of this research is to close this knowledge 

gap by examining how riblet textures affect airfoil 

aerodynamic performance under various flight situations. 

The study's findings may have a big impact on how wind 

turbine blades, airplane wings, and other aerodynamic 

structures are designed in light of the growing need to 

create more ecologically friendly and fuel-efficient 

transportation systems 

1.1 Background of the Work 
 

The study investigates the effects of micro-structured 

surface alterations called riblet textures on a particular 

airfoil's aerodynamic performance. Riblets are known to 

break up turbulent boundary layers, which lowers drag and 

skin friction. The purpose of this study is to evaluate their 

effects on the lift, drag, and airfoil efficiency. 

1.2 Motivation and Scope of the Proposed Work 
 

The need for creative ways to lower drag and boost 

fuel efficiency is driven by the growing demand for better 

aerodynamic performance in wind turbines and airplanes. 

Riblet textures have demonstrated potential in lowering 

skin friction; they are modeled after natural occurrences 

such as shark skin. The purpose of this study is to examine 

their potential to maximize airfoil performance, which 

would save energy and benefit the environment. Analyzing 

how riblet textures affect an airfoil's aerodynamic 

characteristics will be the main goal of the study. Drag, lift, 

and overall efficiency changes will be measured through 

experimental testing and computer models. In order to 

provide insights into real-world applications in the aviation 

and renewable energy sectors, the project will investigate 

alternative riblet shapes and their effects under varied 

flying situations. 

 
2. METHODOLOGY 
This methodology outlines the process for incorporating 
riblets into airfoil designs to reduce drag and improve 
aerodynamic efficiency. It involves selecting a suitable 
airfoil profile and operating conditions, defining riblet 
geometry (e.g., height, spacing, shape) based on 
aerodynamic principles and turbulence studies, and 
identifying optimal placement on the airfoil surface in high- 
turbulence regions. The process includes conducting CFD 
simulations to analyze airflow and drag effects, fabricating 
prototypes using precision techniques like 3D printing or 
laser etching, and validating results through wind tunnel 
experiments. Optimization involves refining riblet 
dimensions and placement through iterative analysis while 
ensuring structural and material compatibility. Finally, the 
ribleted airfoil's performance is compared against baseline 
models and industry benchmarks, with scalability and real- 
world performance tested in operational conditions. This 
systematic approach ensures the effective integration of 
riblets into airfoil designs, delivering measurable 
aerodynamic benefits while maintaining structural 
integrity and practical feasibility. 

 
2.1 SELECTION OF AIRFOIL 
Select a sample airfoil shape (such as NACA 0012 or NACA 

2412) depending on its relevance to the intended use 

(aviation, wind turbines). Make sure the airfoil is 

appropriate for both experimental testing and numerical 

calculations. 
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2.2 DESIGN 
Create a variety of riblet designs (such as sinusoidal, 
triangular, and V-shaped) with variable widths and spacings 
by drawing inspiration from natural and literary examples. 
Using computer tools (such as CAD software), apply these 
textures to the airfoil's surface to change its surface shape. 

2.3 CFD SIMULATION 
Use CFD programming (e.g., ANSYS Familiar, OpenFOAM) to 
recreate wind stream over the finished airfoil under 
different circumstances (Reynolds number, approach, Mach 
number).Model fierce limit layers and integrate fitting 
disturbance models (e.g., k-ε, SST k-ω) to survey the effect 
of riblet surfaces on drag, lift, and stream partition. Perform 
reenactments for various riblet calculations and contrast 
them and a benchmark smooth airfoil 

 

2.4 WIND TUNNEL TESTING 
 

Fabricate actual models of the airfoils with and without 

riblet surfaces.Direct air stream investigations to approve 

the CFD results by estimating streamlined powers (lift, 

drag) and tension circulations at different approaches and 

wind speeds. Use sensors (force balance, pressure taps, 

PIV) to catch the expected information for correlation with 

the reenactments.Examine streamlined execution 

measurements like drag coefficient, lift coefficient, and 

strain drag.Look at the impacts of various riblet surfaces on 

the general lift-to-drag proportion. Evaluate the impact of 

riblet size, dividing, and direction on wind current qualities 

(e.g., stream partition, choppiness force). 

Identify the riblet configuration that has high efficiency 

among the others and evaluate the results. 

 
2.5 Validation and Application 

1. Performance Comparison 

o Compare the ribleted airfoil's 

performance with industry standards or 

other drag-reduction technologies. 

2. Integration in Full-Scale Models 

o Assess scalability of riblets for application 

in aircraft wings or turbine blades. 

3. Operational Testing 

o Conduct flight or field tests to evaluate 

real-world performance. 

 

 
Fig -1- Flowchart 

 
 
 

 

3. CONCLUSIONS 
All in all, the examination of riblet surfaces on airfoil 

execution exhibits huge potential for working on 

streamlined effectiveness. The outcomes show that 
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appropriately planned riblet surfaces can decrease drag, 

improve lift-to-drag proportions, and streamline the limit 

layer stream, especially under tempestuous circumstances. 

By limiting stream division and choppiness, riblets offer a 

promising answer for diminishing fuel utilization and 

expanding the exhibition of airplane and wind turbines. 

Further examination could refine riblet designs and 

investigate their drawn out sturdiness, at last prompting 

pragmatic applications in aviation and sustainable power 

areas. This study gives significant bits of knowledge into the 

viable advantages of riblet-based surface changes. 

 
Suggestions for Future Work 

Future work on riblets in airfoil design can focus on 
exploring advanced geometries, such as biomimetic 
designs, and utilizing innovative materials like adaptive or 
flexible composites for enhanced performance. Dynamic 
riblet systems could adapt to changing flow conditions in 
real-time, while advanced computational techniques, 
including machine learning, could optimize configurations 
for specific scenarios. Integration with additive 
manufacturing can enable precise and seamless riblet 
implementation. High-fidelity testing under extreme 
conditions and multi-objective optimization for factors like 
noise reduction and fuel efficiency will further enhance 
their applicability. Expanding riblet technology to rotor 
blades, wind turbines, and marine vessels offers 
opportunities for broader industrial benefits. 
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