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ABSTRACT 

 

 Over millions of years of evolution, birds have managed to develop a highly efficient flight system in which their feathers plays a 

vital role in their efficient flying. A detailed study of most of the bird’s feather is carried out. The study gives the report that the two types 
of feathers are majorly responsible for the better flying environment of the birds. The longer, more stiff flight feathers helps to generate 

lift, while the second one, coverts, are used to minimize drag while moving through the air. Finally it is clear, in order to increase the lift 

to drag ratio (L/D ratio) of an aircraft which is every design engineers goal, we can place feathers on the wings same as birds. Our project 
dealt with the analysis of the rigid wing of a plane, placed with owl’s feathers. A passive actuation technique that entails covering the 

suction side of an aerofoil placed with a poro-elastic owl feather (similar to birds feather), is presented. A feather placed wooden 

cambered aerofoil (NACA 4412) of span 14.5cm and chord of 30 cm is designed and tested experimentally at the velocity of 25 m/s in 

low speed wind tunnel and various aerodynamic characteristics are studied. The parametric analysis shows that placing of feather on the 

wing is able to affect the topology of the flow in the rear of the aerofoil, by adapting spontaneously to the separated flow and also 

significant drag reduction and/or lift enhancement can be achieved, associated with modifications of the length scales of the shed vortices 
and a mild intensification of their intensity. 
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INTRODUCTION 
 

 As an engineer of aeronautics, we have long 

been intrigued by the question regarding whether the 

aerodynamic efficiency of modern aircraft is better or 

worse than the aerodynamic efficiency of bird flight. 

Are we advanced such that we have achieved higher 

energy efficiencies than nature has accomplished in 

150 million years of evolution? It seems unlikely. In 

that case, if it should turn out that birds' method of 

flight is significantly more efficient than ours, 

wouldn't that seem to imply that we might be able to 

greatly advance our technologies by studying birds 

very carefully? After all, 600 years ago when 

Leonardo da Vinci attempted to understand flight, he 

drew many hundreds of drawings of birds, as he tried 

to understand what a bird did and why it was 

important. 

 [2]Most paleontologists agree that birds evolved 

from small theropod dinosaurs in the mid-late 

Jurassic, over 150 million years ago. Over this 

millions of years of evolution, birds have managed to 

develop a highly efficient flight system in which 

their feathers plays a significant role in their efficient 

flying. A detailed study of most of the bird’s feather 

is carried out in our present work 

 When the aircraft flies at higher angles of attack, 

the airflow over the wing can became detached, or it 

stops following the shape of the wing. When it first 

happens, the lift produced by the wing will suddenly 

and rapidly decrease, and the wing is said to have 

stalled. When the flow separates, it usually means 

that the air on the surface moves too slowly, as there 

is not enough energy in the flow to keep it moving. 

But in case of birds, their feathers energize the flow 

around it and keeps the flow being attached to its 

wings 

 At lower reynolds number, the boundary layer 

on the upper surface on the aerofoil remains laminar 

on the onset of the pressure recovery. As laminar 

flow is less resistant to adverse pressure gradient, the 

flow separation may occur near the leading edge of 
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the aerofoil. The separated layer is inviscidly 

unstable and vortices are formed due to Kelvin-

Helmholtz mechanism. 

 The detached shear layer may also undergo rapid 

transition with turbulence and separated flow may 

reattach to the wall surface because of increased 

entrainment associated turbulent flow and form and 

attached turbulent boundary layer. The formation of 

separation depends upon the reynolds number, 

pressure distribution, surface curvature and free 

stream turbulence layer. The location and the extent 

of the flow separation could directly affect the 

aerofoil performance or the efficiency of the turbo 

machinery. The flow separation over the wing in 

flight results in loss of lift and increase of drag as 

well as generation of aerodynamic noise. 

 Generally, placing the rigid wings of airplanes 

with artificial bristles like mimic feathers of birds 

could make them more efficient. An Italian team
[1]

 

has demonstrated how feather-like structures help 

reduce drag on a cylinder and says they could have 

the same effect on underwater and aerial vehicles. 

 On the other hand the feathers, developed from 

the concept of dynamic flow control are capable of 

changing its size, position and orientation according 

to different flow condition. Other experimental result 

show that the active control using deployable 

feathers enhances the momentum mixing and 

energizes the boundary layer so that the flow 

separation is delayed. However the mechanism of 

flow control with feathers is still unclear due to lack 

of systematic studies. 

 

Study of owl feather: 

How owls developed stealth technology: 

 The Guardians of Ga'Hoole, Jareth the Goblin 

King, and Harry Potter's messenger owls have the 

power of creeping up on people. So do owls in real 

life, due to the design of their wings and feathers. 

 Owls are the bird of choice for the freaky 

supernatural beings. They look cool. They have the 

freaky-head-turn thing going for them. Mostly they 

evoke the otherworldly because they can move 

silently through the air; sneaking up on their prey 

from out of the darkness. 

 

 
 

Fig. 1: Owl and its feather. 

 

 [3]Professor Geoffrey Lilley, a professor of 

aeronautics and astronautics at the University of 

Southampton in England until his retirement, 

pioneered the study of the owl’s silent flight and its 

potential applications in the aeronautics industry. 

 Flight, for most birds, including day-active owls, 

is a noisy affair. Air rushes over the birds’ feathers 

producing noisy turbulence which is audible to most 

prey animals but not nocturnal owls. Professor Lilley 

attributes this to three main factors. 

 First, the leading edge on the owls’ wings is 

serrated like a comb. Second, the trailing feathers on 

the back end of the wing are tattered like the fringe 

of a scarf. And third, the rest of the owls’ wings and 

legs are covered in velvety down feathers. 

 The serrated feathers on the leading edge of owl 

wings have more to do with keeping the raptors 

stable than quiet, Lilley noted but the fringe on owls’ 

trailing feathers allows for “a very large noise 

reduction at the speed owls fly.” 

 The owls’ tattered fringe feathers help to break 

up the sound waves that are generated as air flows 

over the top of their wings and forms downstream 

wakes. The noise reduction achieved from the 

tattered fringe makes owls the quietest flying birds. 

 He added that the velvety down feathers found 

elsewhere on owls’ wings and legs absorb the 

remaining sound frequencies above 2,000 hertz, 

making owls completely silent to their prey. 

“If the owl didn’t have velvety feathers, the owl 

would be heard by the prey as the owl approached, 

and the prey would have time to scurry away,” Lilley 

said. 
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The silent flight of the owl: 

 Owls have feathers that have sound damping 

properties. It is the feathers of the owls that are very 

different from all the other types of birds of prey that 

allow them fly without making a sound. 

 

Owl feather are sound dampers: 

 How can feathers dampen sound? If an object 

moves through air at speed it causes pressure waves 

or vibrations, we experience these vibrations or 

pressure waves as sound. 

 
 

Fig. 2: Owl down Feather. 

 

 [4]If we want to move through air at speed but 

don't want to cause any sound then we need to 

prevent that we cause any pressure waves in the air. 

The owl’s feathers do this because the feathers have 

little down hairs all over their surface and this causes 

turbulence (the air stream to break up) preventing 

pressure waves. 

 

 
 

Fig. 3: Owls little down hairs. 

 

 The turbulence caused by the little hairs on the 

feather cause the airflow to be broken up into smaller 

air streams that are sent in all directions preventing 

the buildup of a single audible air pressure wave. 

 

Experimental wind tunnel test of aerofoil: 

Wind tunnel: 

 A wind tunnel is a tool used in aerodynamic 

research to study the effects of air moving past solid 

objects. A wind tunnel consists of a closed tubular 

passage with the object under test mounted in the 

middle. A powerful fan system moves air past the 

object; the fan must have straightening vanes to 

smooth the airflow. The test object is instrumented 

with a sensitive balance to measure the forces 

generated by airflow; or, the airflow may have smoke 

or other substances injected to make the flow lines 

around the object visible. Full-scale aircraft or 

vehicles are sometimes tested in large wind tunnels, 

but these facilities are expensive to operate and some 

of their functions have been taken over by computer 

modeling. 

 

Low speed wind tunnels: 

 The basic requirement of wind tunnel testing is a 

region of uniform flow with low turbulence in which 

a model may be placed and tested. This region is 

called WORKING SECTION. Swirl, as well as 

turbulence is to be kept as low as possible in the 

working section. The general arrangement in its 

simplest form consists of a fan which is used to blow 

or suck air through the working section. Thus the low 

speed wind tunnels are classified into the following 

types: 
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 Suction type  

 Blower type  

 There is usually a contraction upstream of the 

working section and a diffuser downstream. The 

main function of contraction is to speed up the flow 

so that its speed in the outer parts of the tunnel may 

be much lower than in working section. The 

DIFFUSER serves to retard the flow after it leaves 

the working section and so as to keep down the 

power losses. 

 The experiment is conducted by LOW SPEED 

SUBSONIC SUCTION TYPE wind tunnel. 

 

 
 

Modelling of aerofoil: 

 The NACA 4412 aerofoil has been modeled by 

using wood. The aerofoil surface has been pasted 

with vinyl sticker in order to make the flow smooth. 

owl feather is fixed over the aerofoil surface. Totally 

nine pressure ports are made in miniature wing. 

 The dimensions adopted for modeling the 

aerofoil is as follows: 

 
 Span of the Aerofoil = 14.5cm 

 Chord length of the Aerofoil = 30.0cm 

  

 
 

Fig. 5: NACA 4412 aerofoil with feather. 

 

 An aluminum clamp of appropriate size had 

been made to fix the aerofoil in the working section 

of the tunnel. 

 

Testing of aerofoil: 

 A low speed subsonic wind tunnel has been used 

to analyze the aerofoil experimentally. Initially the 

aerofoil without feathers were fixed in the working 

section of the wind tunnel and the smoke 

visualization method was used to observe the flow 

pattern over the aerofoil. The flow patterns for 

various angles of attack had been observed. Then the 

same procedure has been followed for the aerofoil 

with feather. The free stream air velocity is set to 25 

m/s. 

 

 

 



20                           Robinson Jerin.R, 2015 /Journal Of Applied Sciences Research 11(14), September, Pages: 16-23 

 

Results of Aerofoil without Feather: 

 
 

Fig. 6: NACA 4412 aerofoil in wind tunnel. 

 

 
 

Fig. 7: Pressure Distribution at α=0 deg (without feather). 

 

 
 

Fig. 8: Pressure Distribution at α=4 deg (without feather). 

 

 

 



21                           Robinson Jerin.R, 2015 /Journal Of Applied Sciences Research 11(14), September, Pages: 16-23 

 

 
 

Fig. 9: Pressure Distribution at α=6 deg (without feather). 

 

Results of Aerofoil with Feather: 

 
 

Fig. 10: NACA 4412 aerofoil (with feather) in wind tunnel. 

 

 
 

Fig. 11: Pressure Distribution at α=0 deg (with feather). 
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Fig. 12: Pressure Distribution at α=4 deg (with feather). 

 

 
 

Fig. 13: Pressure Distribution at α=6 deg (with feather). 

 

Comparison of pressure distribution: 

 
 

Fig. 14: Comparison of Pressure Distribution at AOA = 0. (With feather and without feather) 

 

 
 

Fig. 15: Comparison of Pressure Distribution at AOA = 0 (With feather and without feather) 
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Fig. 16: Comparison of Pressure Distribution at AOA = 0 (With feather and without feather) 

 

Experimental calculations (comparison of drag coefficient): 
Table 1: Comparison of Drag coefficient. 

AOA CD  of aerofoil CD  of aerofoil with   

 without feather feather ΔCD ΔCD % 

0 0.09187 0.05242 0.03947 -42.96 

2 0.07952 0.059499 0.02002 -25.17 

4 0.08365 0.05478 0.02887 -34.5 

6 0.07009 0.05278 0.01731 -22.5 

 

Conclusions and perspectives: 

 We have studied the passive control of flow 

separation using feathers on the wing. To test and 

analyze this concept of flow a NACA 4412 aerofoil 

has been modeled by usingwood and is tested in low 

speed subsonic wind tunnel. Besides, the owl feather 

is fixed over the aerofoil surface. [5] Directly 

inspired from the natural properties of birds feathers, 

i.e. porosity, anisotropy and compliance, it is easily 

extendable to other configurations. With this 

combination the drag reduction is obtained (refer 

table 1). 

 It is found numerically that placing of feather is 

capable of increasing global aerodynamics 

performances of an immersed body, by adapting to 

the separated flow. The topology of the flow is not 

only changed in the vicinity of the wall but also 

further downstream, thus modifying the vortex 

shedding process, and positively affecting the 

pressure distribution, to reduce lift fluctuations and 

drag. The central argument in favour of this type of 

control is that it does not require any input of energy, 

and this makes it very attractive for industrial 

applications, compared to active control devices 

which are often very demanding in terms of power 

requirements, and thus expensive to implement on 

realistic conditions. The use of this type of passive 

actuators to control flow separation appears to be 

promising, particularly for applications which do not 

require strong constraints on the lift force (road or 

underwater vehicles, MAVs, etc.). 

 Additional work on different configurations is 

needed to study the robustness of this passive control 

technique. In particular, it is of great importance to 

manufacture the keratin feathers which are having 

the properties same as of the owl feathers. Also our 

future study is going to focus on the effects of 

changes in hair spacing and length rather than hair 

stiffness. Also there is a need to focus on the 

software analysis using CFD. 
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