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ABSTRACT 

The effects of the various design parameters of the shuttlecock have been attempted to design 

a synthetic shuttlecock having a similar feature that of feather shuttlecock. Most of the work 

till date has been attempted to visualize the flow behavior around the shuttlecock. Work has 

been done to obtain the shuttlecock flight trajectory. A little work has been done on changing 

the design parameter of the shuttlecock. The impact of skirt pressing on shuttlecock has not 

been studied in detail until now. Reynolds-Averaged Navier strokes (RANS) model was 

applied to evaluate the performance parameters of the shuttlecock. It has been observed from 

the study that the addition of radial or axial pressing over skirt decreases drag coefficient, 

contrary to which when both pressings added together Drag Coefficient increases. Another 

effect which was studied was the effect of increasing the pressing length overskirt which 

results in increasing the drag coefficient. 
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1. Introduction 

 

1.1 Background 

Today’s, badminton game is originated from ‘Shuttle and battledore’ in the 1860s. In which 

players have to bat the shuttlecock from one to the other as many times as possible without 

allowing it to fall to the ground. 

Badminton: A racket sport which is played by two opposing player or pair of opposing 

players who stand in the opposite halves of the rectangular court which is divided by a net. 

The game is to hit the shuttlecock once with the badminton and so that it passes over the net 

and lands in the opponent court. The shuttlecock should cross the net by only one hit by each 

team and the rally ends when the shuttlecock struck the ground. 

The game is governed by the ‘Badminton World Federation’ which was established in 1934 

in England. Its initial name was ‘International Badminton Federation’. which was later 

changed to BWF in 2006 and, its headquarter shifted to Malaysia in 2005. 

Shuttlecock has a unique aerodynamic property which causes it to fly differently than balls 

which are used in most of the other racket sports. Shuttlecock usually flies at a much higher 

speed when compared to balls of other racket sports and have a world record of 332km/h set 

in Sudirman cup in Beijing in the year 2005. Interestingly even reaching so much speed when 

shuttlecock reaches the opponent end its usually on very low speed and its credit goes to its 

feather in case of feather shuttlecock and skirt in case of the synthetic shuttlecock which is a 

high drag-inducing part and decelerates the shuttlecock at a very high rate. 

In the year 1952, with the innovation of injection moulded synthetic shuttlecock the game 

earned a lot of broader appeal. Soon after with the debut of the game in Barcelona Olympics 

in the year 1992 the game eared the much more recognition. 

. The sport demands excellent fitness: players require aerobic stamina, agility, strength, 

speed, and precision. It is also a technical sport, requiring good motor coordination and the 

development of sophisticated racket movements. 
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Badminton, the world's second most loved game, which is played by around 220million 

people around the world regularly.  

However, the major problem that comes with the popularity of badminton is the dearth of a 

good quality feather which can be used for the manufacturing of badminton shuttlecock. The 

reason for this is that the supply of feather is dependent on several peripheral aspects. This 

implies that manufacturers are more attracted to the development of synthetic shuttlecock 

instead of feather shuttlecocks. However, players still prefer feather shuttlecock as they 

believe synthetic shuttlecock behaves differently from the feather shuttlecocks because they 

are used to the shuttlecock flight behaviour and expect the flight trajectory. 

1.2 Motivation 

The literature reviewed indicates that it is not possible to fully understand and evaluate the 

features of the shuttle through these works. Plenty of work that can be done to completely 

understand the badminton shuttlecocks, and can contribute to ease of development and testing 

a new shuttlecock. It is considered that comparing the numerous types of shuttlecocks under 

same conditions will improve our understanding in this field. Moreover, consistency in result 

and sensitivity to variation can be ensured by a well-defined test methodology while 

assessing a reference shuttlecock against the other shuttlecock. 

1.3 Objectives 

The purpose is to design a synthetic shuttle which behaves alike feather shuttlecock because 

of the limitation with which feather shuttlecock comes, those are 

• Even if one of the feathers comes out of the cork its of no use. 

• Production depends on external factors like government policy and Health of Goose 

of which feather is being used.  

• Large production is again a challenge. 

The synthetic shuttlecock fulfils all of the above drawbacks, it uses synthetic polyMer which 

maintains its durability and manufactured on Injection moulding due to which large 

production is possible. 
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1.4 Scope 

The extent of this study is as follows: 

 

To study the impact of skirt pressing of the 

badminton shuttlecock through flow simulation 

around the shuttle. As the skirt changes the 

pressure difference around the shuttlecock get 

changes and drag on the shuttlecock changes 

which affect the flight of the shuttlecock. 

Therefore Pressing acts as the drag-inducing 

feature and its effect should be studied to 

understand the flight performance of the 

shuttlecock. Pressing is shown in figure (1) as 

stated by cooke[1]. 

 

2. Literature review 

2.1 Badminton Shuttlecock  

A shuttlecock for badminton has two sections: one is cork which is a combination of 

hemispherical dome and a cylinder, dome being in front cylinder. Another is a skirt which 

can be of feathers or synthetic polymer. 

For the approval of shuttlecock from Badminton world federation(BWF), there are only one 

testing criteria for all the type of shuttlecock which is its flight characteristics should be 

similar to those which are produced by feather shuttlecock whose cork is covered by a layer 

of thin leather. 

2.1.1 Feathered Shuttle 

1. The shuttlecock should have 16 feathers which are fix in the base. 

2. The feather should be of the uniform length of 62mm to 70mm from the tip 

of the skirt to the base in the cork. 

3. The diameter of the tip of the skirt should be of 58mm to 68mm. 

Figure 3:  Description of shuttlecock, as given 
by cooke [1]. 
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4. Thread or any other suitable material can be used for firmly fastening the 

feathers. 

5. The cork of the shuttlecock should be of a diameter of 25 mm to 28mm with 

a hemispherical dome at the bottom of the cylindrical portion. 

6. The weight of shuttlecock should be in the range of 4.74 to 5.50 grams. 

 

2.1.2  Non-Feathered Shuttle 

1. The skirt material should replace natural feathers. 

2.  The weight should be in range as of the feather shuttlecock. Skirt and base 

dimension should also be in range as described for feather shuttlecock. However, 

because of the difference in the specific gravity and other properties of synthetic 

materials in comparison with feathers, a variation of up to 10 per cent shall be 

acceptable. 

The large dimensional tolerance is available for the shuttlecock design. Which provide 

diverse flight behaviour to shuttlecock ee when it is designed as per standards. These large 

dimensional tolerances are given in accordance to make shuttlecock of same flight 

characteristics in different atmospheric condition. It implies that two distinct shuttles, which 

are having very diverse flight performance, both are allowed for use.  

Shuttlecocks which used for tournaments are only required to get approved from Badminton 

World Federation, other shuttles which are used for non-tournament use don’t need approval 

from BWF. As affirmed by C.S.H. Lin [4], Mizuno Launched the NS-300 shuttlecock in the 

year 2009 which was made-up of 15 synthetic feathers in the similar assortment as of the 

traditional feather shuttle which is having 16 feathers. This shuttlecock didn’t get the 

approval from the BWF. But, it didn’t have an effect on the acceptance of the NS-300 as it 

was meant to be used for the non-tournament purpose only. 

A variety of shuttles are offered in the marketplace. They come in a variety of option like 

traditional natural feather ones and others with sophisticated artificial feathers. Shuttlecocks 

manufactured with different masses so that player can play with proffered speed. Various 

shuttles can be described as follows: 
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Table 3 Types of shuttlecocks 

Shuttle Color Mass Speed Center of mass 

Red High High Closer to the nose. 

Blue Intermediate Intermediate Intermediate 

Green Low Low Away from Nose. 

 

2.2 Flow along with shuttlecock 

Features along the conical skirt are used for inducing Drag in shuttlecock. Fundamentally a 

shuttle can be represented by a combination of a cork and a gapless cone. Cooke [1], Kitta et 

al. [3], Verma et al. [2] and CSH Lin [4] used this approach. Cooke [1] investigated the flow 

around a gapless shuttlecock through experiments, a gapless shuttlecock is shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

\Figure 4: Show a hollow cone shuttlecock without holes on the skirt, used by Cooke [1], 

Kitta et al. [3], Verma et al. [2] and CSH Lin [4], used as a fundamental base model. 
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Cooke [1]  Flow visualization revealed that the shuttlecock is a bluff body and predominant 

drag mechanism is a base drag, The flow separates at the downstream end of the nose and 

reattaches on the skirt, as shown in figure 3, smoke flow visualization techniques are used at 

Re. No. 4400, which shows that there is a stagnation area behind the solid part of the skirts of 

both feather and synthetic skirt type shuttlecocks and feather shuttlecocks figure 3(a) provide 

more complete blockage. The gaps in skirt results in air bleeding which decreases the air 

pressure on the inner surface of the skirt and creates a jet of air in the wake. The jet of air 

through the feather shuttlecock merges with the outer flow and creates an unsteady, irregular 

wake pattern which curls inwards. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

It is a generally described characteristics of blunt body flow. Unlike the synthetic shuttlecock, 

the feather shuttlecock has little or no skirt porosity. It is observed that introducing gaps into 

the skirt increases drag. 

Cooke [1] did an experimental study on the feather and a synthetic shuttlecock to which she 

concluded that both the of shuttlecock have almost same drag coefficient at lower speed and 

Figure 3 (a)      Figure 3 (b) 

Figure 5: Figure 3. 3(a): Smoke Flow over feather shuttlecock, 3(b) Smoke Flow over 
synthetic shuttlecock at Re.=4400 [1]. 
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drag decreases for synthetic shuttlecock at a higher speed because of decrease in the frontal 

area of the synthetic shuttle which remains same for feather shuttlecock. 

Calvert [6], conducted a comparative study between a solid cone without a cork and 

shuttlecock with holes in which he dogged that the flow regime doesn’t change upstream of 

the cork in a different model of shuttlecocks. Further, he proposed that hole on the skirt 

increase the air bleeding which increases drag coefficient. Kitta et al. [3] further investigate 

the flow around a gapless shuttlecock model. 

Kitta et al. [3] examined the flow around a gapless hollow cone shuttle. This hollow cone 

shuttle was modelled by closing the gaps of the feather shuttlecock by applying cellophane 

tape. When experimental comparison made with shuttlecock with gaps, it was observed that 

drag reduces when the gaps were capped. Flow visualization revealed that when gaps were 

open the jets of air passes through gap and reduces air pressure on the inner surface of the 

skirt. which increases the pressure difference thereby increasing the drag as proposed by 

Cooke[1]. Kitta et al. [3] also concluded that the drag coefficient remains almost constant 

over the range of Reynolds number when the shuttlecock is rotating about its axis. He 

experimentally showed that the in case of gapless shuttlecock all the flow passes over the 

skirt which makes flows at a faster speed in comparison to ordinary shuttlecock with a hole in 

which some of the flow passes through holes and which forms a rolled-up vortex in the wake 

region. As shown in figure 

 
Figure 6: Shows a flow in the wake zone of a shuttlecock. (a) shows solid skirt shuttlecock, 

(b) shows feather shuttlecock[3]. 
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A similar experimental investigation is done by Firoz Alam[7] in which Feather shuttlecocks 

were modified by closing the gaps in a lower skirt, and synthetic shuttlecock was modified in 

3 ways that are, by closing the base gaps, skirt gaps, and the whole skirt section as shown in 

figures(5),(6). It was found through experiments that feather shuttlecocks with gaps closed 

possess drag coefficient equal to that of a corresponding cone. Fully covered synthetic 

shuttlecock has a drag coefficient value slightly higher than the shuttlecock with a lower skirt 

covered. He also studied the drag coefficient of 10 different types of synthetic and feather 

shuttlecock at a speed of 100km/hr. To which he concluded the average drag coefficient as 

0.61, the lower value of the drag coefficient is because of skirt deformation at a higher speed. 

 

Verma et al [2] did a comparison between gapless shuttlecock, a feather shuttlecock and a 

synthetic shuttlecock and similar observations were made as of cooke[1], Kita[3], firoz[7]. 

The drag coefficient of the gapless cone skirt was lower than the feather and synthetic 

shuttlecock. Results of which are shown in figure [7]      

Verma et al [2] also concluded that feather shuttlecock have much stronger axial jets and 

fluid near feathers acquire large tangential speed which leads to streamwise vorticity while in 

case of synthetic shuttlecock holes over skirt helps the fluid to move outside at the upper end 

of the skirt due to which its tangential speed is significantly smaller, but fortunately skirt 

stiffness in synthetic shuttlecock helps in attaining streamwise vorticity. He also studied the 

portion-wise drag contribution and concluded that feather region in case of feather 

shuttlecock and net in case of synthetic shuttlecock contribute the maximum drag. 

Figure 5 : Modified shuttlecock with lower 
skirt covered [7]. 

Figure 6:  Modified synthetic shuttlecock 
with upper, lower, complete skirt covered 
[7]. 
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Effect of twist angle of feathers is studied by Verma et al [2] only, as the angle is increased 

the gaps between feather increases which lead to the strong axial jet formation. Drag first 

increases with increase in the twist and then after it decreases after the critical angle which is 

12 degree. 

John[8] did a comparative study between RANS and Scale resolving simulation (SRS) for 

predicting the flow field of Synthetic shuttlecock, it was found, that unsteady RANS was 

capable of predicting the time average flow field which is comparable to SRS model and 

RANS was incapable of predicting turbulent vortex which is present in shuttle wake. 

However, both models predicted feasible Drag coefficient. 

The effect of the gaps on the lower portion of shuttlecock skirt 

on the flow field and variation in flow variables i.e. pressure, 

velocity, Drag coefficient and pressure coefficient are studied 

by CSH Lin[4]. He considered six different profiles with 

different gaps, as shown in figure (8) and dimensions of 

different shuttlecocks are given in table (4).  

 

 

Figure 7: Variation of drag coefficient with Reynolds number for various models of 
shuttlecock [2]. 

Figure 8:  Graphical description of the 

conical model with gap. All dimensions are in 

mm. 
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Table 4: Dimension and areas of gaps for the various models [4]. 

Profile Width 

(X/mm) 

Height 

(H/mm) 

Surface 

(area/𝑚𝑚𝑚𝑚2) 

Surface area 

Reduction (%) 

A N.A N.A 8420 0 

B 2 20 7865 6.59 

C 2 40 7551 10.32 

D 4 40 6910 17.93 

E 6 40 6268 25.56 

F 7.5 40 5784 31.31 

     

 He concluded that a shuttlecock having a hole on the lower portion of its skirt have up to 

42.5% of more drag force when compared to the gapless shuttlecock. The drag force 

increases as the gap size are increased up to the critical size of the hole and beyond that gap 

size darg force again decreases. This also shows the blunt-body effect of the shuttlecock. 

Change of drag force with a decrease in surface area is shown in figure(9). 

  

 

 

   Figure 9: Variation of Drag forces with surface area [6]. 

When pressure profile is analysed it is observed that differential pressure increases between 

the outer and the inner surface of the skirt as the gap size increased which produces more 

drag. There is a  formation of air jets due to the flow of air through the hole in the lower 

portion of the skirt. These air-jet reduces the recirculation of air in the wake of the 

shuttlecock.  
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2.3 Aerodynamic Experiments on Shuttlecocks 

2.3.1 Flight Experiments on Shuttlecocks  

Flight trajectory is the performance indicator of a shuttlecock. Feather shuttlecocks and 

synthetic versions have significantly different flight trajectory. Since players are familiar with 

feather shuttlecock, consider the synthetic shuttlecock as mediocre and unpredictable. 

According to Foong and Tan [5], the “ideal” flight trajectory is obtained from the ordinary 

feather Shuttlecock has a trajectory which is much distinctive from an ideal projectile motion. 

If a shuttlecock launched at a velocity which is lower than its terminal velocity then it will 

follow a parabola path which is ideal projectile motion. But when it is launched at a velocity 

more than its critical velocity then it will follow a trajectory which resembles the cannonball 

curve, in which descent path is more like perpendicular drop which is in contrast to the initial 

ascent which follows a parabola curve, as illustrated by CSH Lin[4] in figure (10). 

Shuttlecock flight is categorized by four types- Smash, Clear, Net and Serve. The launch 

velocity of the net shot is less than the terminal velocity and shuttles follow a parabola curve, 

whereas in the remaining three shots shuttle velocity is more than the terminal velocity and 

shuttlecock follow a Tartaglia flight curve. 

 In 2002, Cooke[9] conducted a simulation for the trajectory of a badminton shuttlecock and 

considered the design parameters which will affect the 2-D motion of shuttlecock, i.e: mass, 

Figure 10:  Pre-stall and post-stall regime of steady state flight [4]. 
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area, drag, lift and pitching moment coefficients, a moment of inertia and damping factor. 

The research confirmed the difference in the trajectory of feather and synthetic shuttlecock 

during different shots. High clear, smash, low serve, net shot were modelled and analyzed 

using four different shuttlecocks as shown in figure(11).  Procork, tournament, championship 

shuttlecock are made up of synthetic material, while the last one is feather shuttlecock. 

  

 

 

 

 

In research, feather shuttlecocks were launched by using compressed air from a custom-

produced air compressor. A comparison is made between the observed trajectory and the 

simulated trajectory. The simulated and observed trajectory from experiment found to be 

agreed within 5%. Predicted and measured trajectory data for different shuttlecocks are 

shown in figure 10(a) and for different shots in figure 10(b). 

The equations of motions[9] which were used for predicting the quasi-steady state motion of 

the shuttlecock throughout its trajectory is given below. 

𝐦𝐦𝐱𝐱 ̈ +  𝐃𝐃𝐜𝐜𝐜𝐜𝐜𝐜𝛉𝛉 +  𝐋𝐋 𝐜𝐜𝐬𝐬𝐬𝐬𝛉𝛉 = 𝟎𝟎                Equation 1 

𝐦𝐦𝐲𝐲 ̈ +  𝐃𝐃𝐜𝐜𝐜𝐜𝐜𝐜𝛉𝛉 +  𝐋𝐋 𝐜𝐜𝐬𝐬𝐬𝐬𝛉𝛉 + 𝐦𝐦𝐦𝐦 = 𝟎𝟎  Equation 2 

𝐈𝐈𝐭𝐭�̈�𝛃 +  𝐜𝐜�̈�𝛃 + �𝐝𝐝𝐝𝐝
𝐝𝐝𝐱𝐱
� 𝛂𝛂 = 𝟎𝟎     Equation 3 

       Feather 

Figure 11:  Different types of shuttle o which cooke [9] performed experiment. 
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Figure 12(a)            Figure 12(b) 

Figure 10: Predicted vs. Measured trajectory data for all shuttlecocks [9]. 12(a) shows Different shot, 
12(b) Shows different shuttlecock results. 
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Where m is mass of shuttlecock, D is drag force 

and L is the lift force, θ is the angle between the 

velocity vector and horizontal datum, β is the 

angle between the shuttlecock axis and the 

horizontal datum-the pitch angle, g is the 

acceleration due to gravity, M is aerodynamic 

pitching moment,α is the angle of attack, x 

horizontal distance, ẍ is acceleration in 

horizontal direction and  ÿ is the acceleration in 

the vertical direction, details are given in figure 

(13). 

 

 

The second approach uses a mathematical-based model for determining the trajectory of the 

shuttlecock. This is the approach is taken by Chen et al. [10] in his research. The used 

equation is given below. 

𝐲𝐲 =  𝐯𝐯
′
𝐭𝐭
𝟐𝟐
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𝐜𝐜𝐬𝐬𝐬𝐬� 𝐯𝐯𝐭𝐭

′

𝐯𝐯𝐱𝐱𝐬𝐬
�𝐞𝐞
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𝟐𝟐
−𝟏𝟏�+𝐭𝐭𝐚𝐚𝐬𝐬−𝟏𝟏( 𝐯𝐯𝐭𝐭

′

𝐯𝐯𝐲𝐲𝐭𝐭
)�
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𝐯𝐯𝐭𝐭
′

𝐯𝐯𝐲𝐲𝐭𝐭
)�

�
�   Equation 3 

Where y is the height of the shuttlecock, vt refers to terminal velocity, vt′  is the acceleration 

of the terminal velocity, vxt and vyt are the initial velocities in x and y direction respectively. 

By applying numerous initial boundary conditions to the equation, we will able to simulate 

the trajectory of different shuttlecocks. 

Surprisingly, BWF doesn't perform any of these experiments for determining the trajectory of 

a shuttlecock and nor have any regulation for inspection of shuttlecock trajectory. Rather, 

BWF performs only a speed test, which is given below, as stated by BWF in section 3ad of 

the rulebook. 

Figure 13:  Coordinate of 2D force system of 
the shuttlecock [9]. 
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1. To test a shuttlecock, a player shall use a full underhand stroke which makes 

contact with the shuttle over the back boundary line. The shuttle shall be hit at an 

upward angle and in a direction parallel to the sidelines. 

2.  A shuttle of correct speed will descend not less than 530 mm and not more than 

990 mm short of the other back boundary line. 

 

2.3.2 Spin Experiments 

So far, most of the work has been done on measurement quasi-steady axial spin rate 

of the shuttlecock in the wind tunnel.   

  Quasi-steady state is achieved when the shuttlecock leaves the racket and turns over 

& takes up the constant shape and experiences linear deceleration, spin, pitching and yaw as 

explained by CSH Lin[4] as shown in figure(14). No experiment has been performed for the 

actual axial spin rate of the in-flight shuttlecock. The reason for this is that the acceleration 

and deceleration of spin occur in very less time. Further, due to high drag shuttlecock 

experiences an enormous change in linear speed during flight, which makes it almost 

impossible for a shuttlecock to attain steady-state spin in actual in-flight condition. a 

shuttlecock to attain steady-state spin in actual in-flight condition. 

Figure 14:  Transition of shuttlecock from unsteady state to steady state after impact with 
badminton [4]. 
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Cao et al. [5] experimented with a wind tunnel which shows there is a time delay of 0.8sec at 

a flow speed of 20.3 m/s to achieve steady-state spin from the time when the shuttle leaves 

the racket. This braces the proposal that the spin of a shuttle is not instant. 

 

The shuttlecock is designed in such a way that it spins clockwise direction along its 

longitudinal axis when viewed from the opposite end because of its pitching moment. 

A group of Japanese researcher experimented on affect Axial rotation on drag coefficient, 

contrary to our belief there was no effect of rotation on the in-flight drag coefficient below  

Re no. 210000. Above which there was an increase in drag coefficient because of skirt 

expansion at high axial rotation because of high centrifugal push. Which is unlikely to 

happen in actual conditions as shuttlecock will never achieve this speed. 

2.3.3 Summary 

 

1.Flow visualization shows that the shuttle behaves like a bluff body and greater part 

of the drag is a base drag. 

2.Experimentation shows that the coefficient of drag decreases as gap size reduces as 

compare to normal shuttlecock with gaps. Flow visualization showed that the jets of 

air passes through the hole and reduces the air pressure in the wake on the inner 

surface of the skirt. Which increases a pressure difference thereby increasing the 

drag coefficient.  

3.Feather shuttlecock has much stronger axial jets and fluid near feathers acquire large 

tangential velocity which leads to streamwise vortices while in case of synthetic 

shuttlecock holes over skirt helps the fluid to move outside at the upper end of the 

skirt due to which its tangential velocity is significantly smaller. 

4.Gaps on the lower portion of the skirt increases drag force over a gapless conical 

skirt. There is a critical gap size, below which drag increases as the gap widens and 

beyond which, as gaps increase blunt-body effect decreases, drag force reduces. 

5.Axial rotation on drag coefficient, contrary to our belief there was no effect of 

rotation on the in-flight drag coefficient. 
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3. Aerodynamics of Shuttlecock 

Eleven models of Shuttlecocks have been used for the computational study: one is reference 

shuttlecock(Model X), 4 of them are with axial and radial pressing, 2 with radial pressing 

only and 4 of them are with Axial pressing only, description of them is given in figure(16). 

The categorization of models is shown in the flow chart in figure(15). Further, Each 

Model(except model with axial pressing only, as there is no scope of a different pressing 

length overskirt) has 6 different models according to pressing length (i.e from 10mm to 

60mm in the interlude of 10mm) over the skirt of the shuttlecock as shown in Fig(17) and 

labelled as Profile 1 - 6. The gapless model is of dimensions as discussed by Verma[2], CSH 

Lin[4], Cooke[1] in their work, with 1mm thickness as shown in fig 16(a). While in other 

models Diameter is increased by 2mm from 6mm to 67mm considering the synthetic 

shuttlecocks available in the market. Models consist of sixteen panels as of the feather 

shuttlecocks which consists of 16 trimmed feathers. Other dimensions of models are specified 

in figures 14. 

 

Figure 15:  Classification of shuttlecocks. 

A solid skirt shuttlecock is modelled with gapless cone, behind a cork of hemispherical dome 

shape which is evaluated using computational fluid dynamics (CFD). Its computational result 

was then validated with the computational results of verma[2] and computational and 

experimental results of CSH Lin[4]. which set out as the baseline reference and validate the 

result from previous work. Cones with different pressing were then compared with the 

gapless cone. The gapless model is expected to provide information on the role of pressing in 

the flow past a shuttlecock. 

 

Modeled shuttlecocks

Reference 
Shuttlecock. 4mm Radial Pressing on Skirt

4mm Axial 
Pressing.

6mm Axial 
Pressing

Without 
axial 

pressing

6mm Radial pressing on skirt.

4mm Axial 
Pressing.

6mm Axial 
Pressing.

Without 
axial 

Pressing

Axial 
pressing 

Only 

2mm , 
4mm, 6mm, 

8mm.
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3.1 Model Geometry and ANSYS Fluent Method  

A reference shuttlecock is modelled which is having a conical skirt thickness of 0.3mm, a 

skirt diameter of 65mm, and a length of 60mm. The skirt is attached to the cork which is 

made of the hemispherical and cylindrical parts of 13.20mm Radius and 11.80mm 

respectively. These were the dimensions that were referred from CSH Lin[5], Verma et al [2], 

and used in cooke[1] as shown in fig. 14(a).While in other models Diameter is increased by 

2mm to 67mm Considering the synthetic shuttlecocks available in the market. Other 

dimensions of models are specified in figures (14). 

 

 

 

 

 

 

 

 

 

 

 

 

     Fig. 16(a)                Fig. 16(b)       Fig. 16(c) 

Figure 16:  Different types of shuttlecocks, fig.14(a):  gapless(Model X) shuttlecock without 

Axial and Radial Pressing used as reference, fig 14(b): Shuttle with 6mm Radial pressing and 

without Axial Pressing with 20mm of pressing length, fig 14(C): 4mm radial pressing 4mm 

axial pressing with 20mm length of pressing over skirt. All Dimensions are in mm.  
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Figure 17: Different type of pressing length used in the models. Model X has no pressing 

while other models show pressing from 10mm to 60mm in an interval of 10mm and labelled 

as Profile 1-6. All dimensions are in mm. 

• Skirt Surface area and frontal surface area of various shuttlecocks are given 
table 3. 

Table 3: Skirt Surface area and frontal area of shuttlecocks. 

The surface area of the shuttlecock skirt 

Shuttle 
Name 

4R4A 6R4A 4R6A 6R6A 4RNN 6RNN 

Pressing 
length 

1 0.811616 0.82088 0.790288 0.798552 0.855936 0.798537 
2 0.812376 0.825504 0.788992 0.798752 0.899167 0.88176 
3 0.812688 0.835056 0.799936 0.804016 0.906288 0.90235 
4 0.814672 0.872496 0.7888 0.81096 0.878112 0.81096 
5 0.81732 0.877195 0.789168 0.819424 0.88912 0.819424 
6 0.821664 0.880896 0.79016 0.843216 0.941424 0.843216 

Frontal 
Area 

3137.61 2928.7 3139 2930.03 3104.19 2948.7 

  

Table 3: Skirt Surface area and frontal area of shuttlecocks. 

The surface area of the shuttlecock skirt 

Shuttle Name NN2A NN4A NN6A NN8A Reference 
(Model X) 

Skirt Area 0.848512 0.826288 0.793232 0.786224 8191.07 

Frontal Area 3439.5 3370.8 3271 3271.4 3315.2 
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3.2 Nomenclature of shuttle name :  

For ease of understanding the shuttlecock Models, Nomenclature is done for shuttlecock,                    

description of  3 cases are shown in table1, table2 & table3. Not applicable indicate that this 

shuttlecock doesn't have that design feature. 

1. 6RNN2 

Table 4: Example of 

Nomenclature of shuttlecock, 

having only Radial pressing of 

6mm. As shown in Fig.16(b).  

2. 4R4A2 

 

Table 5: Example of 

Nomenclature of shuttlecock, 

having 4mm radial & 4mm 

axial pressing over 20mm of 

skirt length. as shown in    

Fig.16(c). 

 

3. NN4AN 

Table 6: Example of Nomenclature of shuttlecock, having 

only Axial pressing of 4mm. As shown in Fig.18 

  

6 R N N 2 

6mm Radial 

Pressing 

N.A. N.A. (No 

Axial 

Pressing) 

2cm~20mm  

Skirt pressing 

length. 

4 R 4 A 2 

4mm Radial 

Pressing 

4mm Axial 

Pressing 

2cm~20mm  

Skirt pressing 

length. 

N N 4 A N 

Not 

applicable 

Not 

applicable 

4mm Axial 

Pressing 

Not 

applicable 

Figure 18: Show Shuttlecock NN4A, Which is having 
4mm Axial pressing only, D Shows radial pressing due to 
Axial pressing. 
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3.3 Mesh and Boundary conditions 

. The mesh domain used in the computation is categorized into three zones using a sphere of 

influence Coarse: away from the shuttlecock, Medium, Fine: in the vicinity of a shuttlecock. 

Fig. (19) Shows Fine mesh case used for the computation of the 6R4A2 shuttlecock. It 

consists of 4.03 million unstructured elements with Blank nodes. A cylindrical flow field 

enclosure of 250mm Radius is formed around the shuttlecock model, with shuttlecock cork 

stagnation point at 165mm downstream to the inlet and the outlet at 650 mm downstream 

from the top of the shuttlecock skirt. In Ansys Fluent, the inlet of flow domain was selected 

as velocity inlet with its velocity 50m/s for every shuttlecock, while the outlet is set to 

pressure outlet with a 0 static pressure. The wall of the enclosure was set to symmetry which 

acts as a free slip wall, and the shuttlecock wall was set to the No-slip wall. Fig. (20) show a 

profile model within the cylindrical fluid domain. 

 

3.4 Solution method 

The computation is done in a fixed reference frame attached to the shuttlecock.  Initially, a 

Realizable k-epsilon model was considered for computation but later Turbulent SST K-

Omega is considered. Both of them are a 2-equation model but SST K-Omega is more precise 

in the vicinity of-wall boundary layer and its results found to agree with the previous 

experimental and computational resu 

lts. A simple algorithm is used for pressure and velocity coupling. The effort is completely 

computational, to strengthen the validity of CFD simulation, computation is carried out for 

Figure 19:  Mesh around shuttlecock.          Figure20: Shuttle within cylindrical fluid domain.                         



22 
 

gapless shuttlecock whose results are compared with the previous experimental and 

computational work. In this study, Fluid is considered to be incompressible and the 

shuttlecock is considered to be non-deformable, which occurs in actual flow condition due to 

fluid forces, the shuttlecock is having 0degree of the angle of attack and the spin of 

shuttlecock is also not considered. 

The equation is utilized for the calculation of the coefficient of drag, which is reported 

quantity in the analysis 

 

c
d= FD

1
2ρADv

2

 

 

Where Cd represents the drag coefficient, FD represent the drag force,ρ represents the density 

of air, ADrepresents the frontal area normal to the direction of travel and v represents the 

relative velocity of travel of the shuttlecock concerning air. 

 

3.5 Validation 

Flow past the different models is evaluated at a velocity of 50m/s. The numerical data 

obtained was validated by comparing the coefficient of Pressure of Model X(gapless 

shuttlecock) with the coefficient of Pressure of Verma [2] as shown in figure(6), and 

Computational and experimental result of CSH Lin[4]. Coefficient of pressure trend is found 

to be same in all the three cases. 

The drag coefficient for gapless shuttlecock: Model X is 0.4941, and the drag coefficient 

obtained by C.S.H Lin[4] from the experiment is 0.491 and by the computational method is 

0.514. The difference in the drag coefficient drawn from the experimental result is 0.63% and 

from the computational result is 4.04% which can be considered as in good agreement. This 

same computational method and boundary condition are applied to the other shuttlecock 

models for evaluation of drag coefficient and flow fields. 
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3.6 Grid- Independent Test 

Analysis of grid independence was accomplished by comparing the numerical drag 

coefficient for the applied mesh and for a refined version of the applied mesh on one 

shuttlecock of each type of pressing. Simulation is given the insight that a grid of between 1 

to 1.6 million volumes is adequate for grid independence. Comparison between the applied 

mesh and the refined mesh version shows that the drag coefficient lies within +/- 3% which is 

sufficient for grid independence. The numerical results of the grid independency study are 

shown in Table 10. All the shuttlecocks which are considered for comparison were having a 

flow velocity of 50m/s. The drag coefficient of different models is shown in figure 23. 

Figure 21:  Shows the Coefficient of pressure  result x axis shows length of the 
shuttlecock in  and  y axis Shows Pressure coefficient. Fig.21(a) Result from Verma [3], On 
x axis length is given in X/L, Fig. 21(b): Result for model X(Reference Model), Length is 
given in mm, upper curve show pressure coefficient on outer surface and lower curve 
shows pressure coefficient on inner surface. 
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Table 7: Difference in Drag coefficient from the course and Fine mesh. Elements are in 

millions. 

 Applied Mesh Refined Mesh Difference 

Profile Elements Drag 

coefficient 

Elements Drag Coeff  

4R4A2 0.3729 0.4215 1.01 0.428 1.54% 

6R4A2 0.374 0.38266 4.062 0.38557 0.760% 

6R6A2 0.993 0.3991 1.51 0.3967 0.60% 

4RNN2 0.361 0.4136 1.53 0.40421 2.73% 

6RNN3 0.451 0.36 2.89 0.355 1.38% 

Reference 0.369 0.4941 1.01 0.483 2.24% 
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4. Result and Discussion 

 4.1 Flow Over a Perfect Gapless Conical Skirt 

The defined numerical method is used for calculating the drag coefficient of Profile X  at 

flow speeds of 50m/s. Drag coefficient from the higher speed 50 m/s provides a comparison 

with previous work, as in [3]. This also validates model used in our study. 

 The flow behaviour around the gapless shuttlecock(Model X) is also studied. Velocity vector 

around the shuttlecock at the velocity of 50m/s is shown in figure(22). The most remarkable 

highlight of the vector plot is a couple of counter-rotating vortices in the wake region next to 

the skirt, extending in the upstream direction into the low-pressure region of the cone inner 

surface. The presence of this pair of vortices produces an inward curling effect on the flow 

around the core region in the near field wake. This curling effect extends to a low magnitude 

reverse flow which can go less than 2 m/s that pushes in towards the low-pressure inner 

surface of the cone. Cooke [2] concluded the same result for shuttlecock in her experimental. 

 

 

 

 

Figure 22: Velocity vector around a gapless shuttlecock. 
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4. 1 Drag Coefficient 

• Fig.23 shows the variation of the drag coefficient in the different model at a velocity 

of 50m/s. The result from the reference model(Model X), as well as form other models, are 

presented.  

 

Figure 23: Variation of drag coefficient of various models with different pressing length. 

• The drag coefficient for 4R4A1 and 4R4A6 is found to be in the range of 0.3882 to 

0.4494 at 50m/s which is a change of 15.75%. The difference in drag of other models at 

10mm and 60mm skirt pressing length is shown in Table 8. 

Table 8:  Difference in drag on 10mm ad 60mm skirt pressing length. 

Shuttlecock 
4R4A 6R4A 4R6A 6R6A 4RNN 6RNN 

The difference 

in Drag. (%) 15.751 35.194 20.6 32.86 22.131 31.82 
 

• The difference in a drag coefficient of model 4R4A1 and 6R4A1 is 19.33%. The 

difference in drag coefficient decreases when pressing length increases over the skirt 

surface and difference remain 2.136%  for 4R4A6 and 6R4A6. 
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• In the case of 6R6A, 6R4A, 6RNN the drag coefficient Increases rapidly from pressing 

length 10mm to 20mm. In 20 to 60mm pressing length drag coefficient increase at a 

constant rate which is quite less than the rate in 10mm to 20mm.  

• In case of 4R4A, 4R6A, 4RNNthe drag coefficient changes rapidly when pressing length 

changes from 10mm to 30mm, between 30mm to 60mm drag Coeff remains almost same 

and become independent of pressing length overskirt at a velocity of 50m/s. 

•   For all cases as the pressing length increases over the surface, drag coefficient also 

increases, this is because of the increase of surface area which increases the viscous 

drag, skirt surface area of the various model with different pressing length are shown in 

fig.24. 

 
Figure 24: Variation of Skirt Surface area with Pressing length. On x-axis 1-6 represent 

the pressing length, while 7-10 represents Shuttlecock with an only axial pressing of 

2,4,6,8mm respectively and 11 represent Model X. Area is in 𝑚𝑚𝑚𝑚2 * 10−4. 

 

• As radial pressing increases drag coefficient decreases because of a decrease in frontal 

area, this also shows the blunt-body property of shuttlecock, effect of frontal area on drag 

coefficient is shown in Fig 25.  

• Interestingly, when radial pressing and axial pressing are combined the drag 

coefficient increases. 4R4A2 has a drag coefficient of 0.4215 while 4RNN2  have a drag 
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coefficient of 0.4105, this shows Drag coefficient increases when both Axial and Radial 

pressing is present in the model, Otherwise, any one of the pressings reduces the drag 

coefficient, a similar trend is seen in 6R4A2 and 6RNN2 where the drag coefficient is 

0.367, 0.340 respectively. 

• As axial pressing increases from 2mm to 8mm, the drag coefficient decreases 0.472 to 

0.408 for NN2A and NN8A i.e 13.6% of the difference, this is because of decrease of the 

frontal area as well as a decrease in Skirt surface area as shown in fig.23 & fig.24 

respectively.  

•  Drag coefficient variation follows the trend of the frontal area as shown in figure(25). 

But the change rate decreases as the pressing length overskirt increases. 

• Model x has a maximum drag coefficient of 0.4825 as it has a maximum frontal area 

and moderate skirt surface area, which shows the dominant behaviour of frontal area on 

the drag coefficient. 

• When Axial and Radial pressings are combined, the shuttlecock behaves differently. 

In a combined state as radial pressing increase drag Coefficient decreases for eg. Drag 

coefficient of 4R4A ad 6R4A is 0.388 & 0.325 respectively, contrary to this when axial 

pressing increases drag coefficient increases considering another factor as constant for eg. 

Drag coefficient of 6R4A & 6R6A are 0.406, 0.423 respectively. This trend is followed at 

all the pressing lengths as shown in fig.23.  

 
Figure 25: Drag coefficient & Frontal area Vs. Shuttlecock. Drag 1 to Drag 6 Represent 

pressing length of 10mm to 60mm overskirt.  

0.25

0.3

0.35

0.4

0.45

0.5

4R4A 6R4A 4R6A 6R6A 4RNN 6RNN NN2A NN4A NN6A  NN8A X

Dr
ag

 C
oe

ff
. &

 F
ro

nt
al

 a
re

a

Shuttlecock

Frontal Area

Drag 1

Drag 2

drag 3

Drag 4

Drag 5

drag 6



29 
 

• This increase in Drag 

coefficient in the combined state is 

because of flow behaviour around 

the top portion of the skirt which 

creates a pressure difference on the 

inner and outer side of the 

shuttlecock. Figure (26) shows the 

pressure contours on the top portion 

of shuttlecocks which are having 

20mm length of skirt pressing.  

 

• The pressure variation along the 

radial distance is shown in 

figure(27), pressure trend completely 

follows the trend of drag coefficient of their respective shuttlecock. For instance, the drag 

coefficient of 4R6A2 is maximum out of all other shuttlecocks of 20mm pressing as 

shown in Figure(23), this same shuttle has minimum pressure in the wake zone. Which 

increases the pressure difference around the shuttlecock and hence the drag coefficient.

 

Figure 27: Pressure vs. radial distance from the centre of the shuttlecock on the top 

portion of the shuttlecock. 
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• The results are different from those obtained from turbulent SST K-Omega model and 

Realizable K-Epsilon model, the difference in result for model 6R4A2 is 8.27%, the 

difference in result for few cases is shown in Figure(28). The result obtained from SST 

k-Omega is closer to the results of previous studies. There is a constant difference 

between results obtained from K-omega model and K-Epsilon model. 

 

 
Figure 28: Drag Coefficient Vs. Skirt pressing with Different Models, E represents the K-

Epsilon model, whereas O represents K-Omega model. 
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5. Conclusion 

Through the 3D CFD simulation conducted using Ansys Fluent, The impact of different 

pressing over shuttlecock with different pressing length was analysed. The principal 

conclusions of the analysis are as follows:  

• Radial pressing on shuttlecock decreases Drag coefficient, as frontal area decreases. 

• Axial Pressing decreases Drag coefficient at a slow rate initially. Later on, behaves as 

radial pressing and decreases drag coefficient rapidly as it also decreases the frontal 

area of shuttlecock reasonably. 

• When Axial and Radial pressings are combined, the shuttlecock behaves differently. 

In a combined state drag coefficient increases when axial pressing is increased at the 

same radial pressing. Drag coefficient decreases when radial pressing is increased at a 

constant axial pressing, 

• Drag coefficient increases as the pressing length overskirt increases, because of the 

increase in surface area which increases the viscous drag. 

• For the Same axial and radial pressing variation in drag coefficient in prominent when 

pressing length changes from 10mm to 30mm and between 30mm to 60mm variation 

in drag is almost negligible. 

• The frontal area has more effect on drag coefficient variation than that of the skirt 

surface area.  

 

Future research. 

No Data has been found on the spin variation along the path and how its axial speed variation 

affects the aerodynamics of shuttlecock in an unsteady state. Which will also give a further 

understanding of the purpose of providing pressing overskirt. No work has been done 

gyroscopic precision of shuttlecock. Furthermore, changing the other design parameter will 

give an insight into the shuttlecock behaviour. This will give a complete understanding of the 

aerodynamics of synthetic shuttlecock and will help in producing a shuttlecock with alike 

performance as of Feather shuttlecock. 
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