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Abstract— With growing demand for transportation medium with minimum fuel consumption and maximum efficiency, 
often the most economical medium is overlooked i.e. a bicycle. A bicycle is one of the most primitive yet one of the most 
efficient mode of transport with the 97% power transmission efficiency. A design with double reduction chain drive 
transmission system claims to attain speeds as high as 300 km/h at practical cadence of 130 rpm. However the aerodynamic 
stability of such a bike with a conventional frame is a questionable issue. Moreover the human body itself is not designed to 
counter such high air flow velocities on its ventral side. The large ventral area combined with the very small lateral area 
leads to formation of low pressure zones as well as vortices behind the dorsal surface which tends to increase the overall 
drag while bending the upper torso to counter this drag leads to the generation of a lift force on the body of the ride. 
Moreover the bending of upper torso still leaves the lower part of the body to attack the air in the same way as an upright 
body. Thus, an aerodynamically stabilized frame that can reduce the drag forces without causing an uplift is a desirable 
venture. Here, a frame design where the seating position is kept ahead of the pedaling shaft is proposed, i.e. the entire body 
from the feet to the head lie in along a curve to minimize air drag along with uplift forces. The designing of the frame was 
initiated with a simulation of the conventional frame under high speed conditions (speeds above 100km/h). The wheel speed 
has been taken into account while doing the simulation. The simulations were be carried out in moderate axial wind. The 
overall research is aimed at the creation of a bicycle design that is aerodynamically efficient at speeds higher than the 
motorized bikes and thus offers an alternative to the fast gasoline powered bikes as well as to the slow human powered 
vehicles (battery powered). 
 
Index Terms— Air Drag, Cadence, Dorsal Surface, Uplift, Ventral Area, Vortices. 
 
I. INTRODUCTION 
 
Bicycle is recognized as a transportation solution 
helping to improve various environmental, economic 
and social aspects. A variety of bicycle design and 
setups for utility are used to carry personal 
belongings, groceries, children and much more. 
Throughout the history of cycling, there have been 
constant improvements on technologies.  
Folded bicycle can be more easily carried into 
buildings and workplaces or on public transportation 
and more easily parked in compact living quarters or 
aboard a car, boat or plane. Folding mechanisms 
vary, with each offering a distinct combination of 
folding speed, folding ease, compactness, ride, 
weight, durability and price. Distinguished by the 
complexities of their folding mechanism, more 
demanding structural requirements, greater number of 
parts, and more specialized market application, 
folding bicycle may be more expensive than 
comparable non-folding models. While folding 
bicycles are usually smaller in overall size than 
conventional bicycles, the distances between center 
of bottom bracket, the top of the saddle and the 
handlebars, the primary factors in determining 
whether a bicycle fits its rider, are usually similar to 
that of conventional bicycles. The wheelbase of many 
folding designs is also very similar to that of non-
folding, bicycles. The material used for the folding 
bicycles are Carbon fiber, Aluminum, Steel etc. 
Selection of material depends upon the weight, cost, 
rigidity, stress. Etc. Different material have different 

property depending on the material is selected for the 
bicycle. 
The cost of bicycle is nearly 10-12 times lesser than 
bike. No doubt that bike required less energy than 
bicycle but bicycle helps to make our self-fit & fine. 
It do-not required fuel or any types of charges for its 
working. There are different countries that, using 
folding bicycles as a main source for traveling. In this 
way they are not only saving the quantity of fuels but 
also the human resources. It also helps to be a fit and 
fine. Japan is the one of the country who’s around 75-
80% people’s uses folding bicycles for travelling. 
Even different country such as U.S.A, France, and 
many more uses 
We all are aware from the cost of fuels and at what 
speed it is increasing in such condition it is not 
possible for everyone to use the services which runs 
on fuels. Most improvements through the years have 
been modifications to layout of the mechanisms on 
the bicycle. This includes overall shape of the bike, 
design of a drive train, and material improvements. 
Once riders began to push themselves faster, 
aerodynamic drag became a problem. The rider and 
his machine must work harder to push through the air 
the faster they move. Once cycling engineers realized 
this problem, changes were made to allow the rider to 
have a smaller frontal surface area, therefore reducing 
the overall aerodynamic drag force. 
It is interesting to remark that today is frequent to 
find papers devoted to the study of the stability of the 
bicycle. It seems clear that the gyroscopic 
contribution is not the main assistance to guarantee 
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the stability of a bicycle, but however the problem is 
not completely solved yet [Jones, 1970; Cleary et al., 
2011; Kooijman et al., 2011]. 
The scarcity of available power in human-powered 
machines is the main handicap for its effective 
development. In order to be conscious of this fact we 
remember that any motorized conventional vehicle 
has power ranging from some kW to a few hundreds 
of kW, while the useful power of a human is about 
some hundreds of W. Also at higher speeds the 
aerodynamic lift and drag forces tend to destabilize 
the rider as well as the bike. To counter these effects 
during sprinting and downhill riding the riders try to 
align their upper torso with the horizontal which 
reduces the lift forces and also the drag to an 
appreciable extent so that the riders can reach speeds 
of about 50-60 kilometers per hour (kmph). However, 
this positioning strains the hip joints and the muscles 
attached to it which causes these speeds to be 
momentary. Thus for a prolonged high performance a 
frame design which reduces the strain on the muscles 
without compromising with the stability is a desirable 
venture. With the coming of a double reduction chain 
drive system which can achieve speeds above 200 
kmph with a higher load on the muscles makes the 
conventional frame design obsolete for the extraction 
of power from the rider’s muscles. Fig. a illustrates a 
double reduction drive and Fig. b illustrates a bike 
with the double reduction drive system. This 
transmission system increases the pedaling forces 
required to 3-4 times the forces required for normal 
bikes to achieve speeds above 200 kmph. 

 
Fig a   Double reduction transmission system 

 
Fig b Bicycle with a double reduction transmission system 

 
This frame depicted however cannot be used 
commercially as it becomes uncomfortable at speeds 
above 50 kmph. 

II. FORWARD BENT FRAME 
 
A. Source of design 
The forward bent frame for the bike is a concept 
derived from the riding technique of sprinters. To 
counter the drag and lift effects the bike riders 
generally bent their body onto the frontal part of the 
bike, thus aligning their ventral part of upper torso 
parallel to the ground. This technique reduces the 
area of interaction with the axial air flow. This causes 
the air to flow about the upper body of the rider as if   
the rider is lying prostrate. However the straining 
effects of such a posture limit the use of such a 
posture to only short sprints and thus sprints of high 
speed are not only short but also limited to speeds up 
to 56-60 kmph. To combine the aerodynamic 
advantage of a bent posture and the muscular power 
delivery efficiency of shifting the lower torso 
forward, a frame with saddle position about 17º 
forward from the crankshaft position has been 
designed.   
 
B. Design of forward bent frame 
The design of the forward bent frame is shown in Fig. 
c.

 
Fig c Forwad bent frame 

 
The frame configuration causes the upper body of the 
rider to lie parallel to the ground and reduce the 
curvature of thighs at the hip joints. The saddle 
position is shifted by 17º clockwise from the vertical. 
This ensures that the hip joint lies ahead of the feet. 
The distance between the saddle and the aerobar is 
however kept the same as a normal bike. Thus this 
configuration does away with the strain and the 
fatigue at the hip joints while maintaining the 
aerodynamic drag reduction of the bent body. The 
seating of rider is illustrated in Fig. d while a normal 
bike with the rider is illustrated in Fig. e. 
 

 
Fig d Rider condition on a forward bent frame bike 
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Fig e Rider seated on a Normal Bike 

 
III. PREPARATION  OF COMPARATIVE 
DESIGNS AND SIMULATION 
 
The design of the frame was created using the 
standard dimensions of the normal road bikes with 
the two alterations. The first alteration was a 
mounting place for the primary cog and secondary 
chain ring for the double reduction transmission 
system. The second alteration was the change in 
position and configuration of the saddle mounting 
system. The dummy human to be seated was also 
prepared using an average human dimensions with 
approximately 1.8 m height. The design of the bikes 
as well as of the ride were prepared in 
SOLIDWORKS, while the preparation for the 
simulation was done in ICEM CFD of Ansys.  For the 
case of forward bent frame the maximum element 
size for different components of the flow region are 
depicted in Table 1 

 
Table 1 Mesh Maximum size of elements in mm 

 
 
The Global mesh parameters were set as the global 
element scale factor set as 1 and global element seed 
size equal to 0. The curvature/proximity refinement 
were disabled. A tetra/mixed type of mesh was 
created using robust (Octree) meshing method. The 
mesh was exported as .msh file for the ANSYS 
FLUENT solver.  
The local mesh parameters for the case of the normal 
bike are tabulated in Table 2. 

 
Table 2 Mesh Maximum element size for elements 

in mm 

 

The Global mesh parameters were set as the global 
element scale factor set as 1 and global element seed 
size equal to 0. The curvature/proximity refinement 
were disabled. A tetra/mixed type of mesh was 
created using robust (Octree) meshing method. The 
mesh was exported as .msh file for the ANSYS 
FLUENT solver. 
 
IV. RIDING CONDITIONS & ASSUMPTIONS 
FOR SIMULATION 
 
For the simulation of the riding conditions the speed 
of the bikes was taken as 183.6 kmph (51 m/s), and 
the rotation rate of wheels as 150 rad/s with a radius 
of 340 mm giving a speed of 51 m/s. The airflow was 
taken as 1 m/s opposite to the direction of motion of 
the bikes. To prepare a simulation model the velocity 
of bike was taken as 0 m/s while the road itself was 
given a velocity of 51 m/s in the reverse direction. 
The air itself was given a velocity of 52 m/s to give 
the same mathematical case as a bike moving at 51 
m/s against a 1m/s flow.   
 
V. SIMULATION  
 
The simulation for both the bikes was carried out in 
the Ansys Fluent Fluid simulation package. 
 
A. Solution setup  
The solver for the simulation was taken as a pressure 
based type solver with steady flow in time and 
absolute velocity formulation. The gravitational 
effects were not considered and the geometry 
conditions were specified in mm. The viscous model 
used for the simulation was standard k-epsilon (2-
equation based) model. The values of the constants 
were taken as the default values in Fluent solver, with 
curvature correction enabled. For the simplicity of 
simulation, the entire bike and rider were considered 
as a single solid body of aluminum. The bike- rider 
assembly excluding the wheels were given the 
boundary conditions of a stationary wall with no-slip 
condition. The front and rear wheels were assigned a 
boundary condition of rotating wall with a rotation 
rate of 150 rad/s about their respective axes 
predetermined during the designing of the bike –rider 
assembly. The inlet was treated as a velocity inlet 
with the fluid velocity with magnitude 52 m/s normal 
to the inlet surface. The road was given the boundary 
condition of a translating wall at 51 m/s parallel to the 
air inlet direction. The surrounding walls were treated 
as walls moving at 52 m/s parallel to the air flow. The 
reference values were taken to be computed from the 
inlet conditions.  
 
B. Solution 
The solution method taken was a SIMPLE pressure-
velocity coupling scheme. The spatial discretization 
for the gradient was Least Squares Cell Based with 
the pressure and momentum following a Second 
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Order and Second Order Upwind Spatial 
discretization schemes. The Turbulent Kinetic Energy 
and Turbulent Dissipation Rate follow a First Order 
upwind Spatial Discretization scheme. The under-
relaxation factors set as solution controls are 
tabulated as follows in Table 3. 
 

Table 3 Under-Relaxation Factors 

 
  
Residuals of continuity, x-velocity, y-velocity, z-
velocity, k, epsilon and Coefficient of drag were 
treated as solution monitors with a residual value of 
0.001 taken as the criteria of absolute convergence. 
Solution was initialized using a standard initialization 
method with computation initializing from the inlet. 
The calculation was run for only 1000 iterations due 
to the lack of computation capacity and the solution 
was seen to stabilize after 600 iterations.  
 
VI. RESULTS 
 
The results of pressure, velocity, turbulence and other 
variables is summarized as follows. 
 
A. Forward bent frame bike 

 
Fig f Pressure variation along X Direction 

 

 
Fig g Pressure variation along Y Direction 

 
Fig h Pressure variation along Z Direction 

 

 
Fig i Sketched velocity vectors showing the air velocity relative 

to the bike velocity 
 

 
Fig j Velocity variation along X 

 

 
Fig k Velocity variation along Y 
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Fig l Velocity variation along Z 

 

 
Fig m Turbulent Kinetic Energy Variation Along X 

 

 
Fig n Turbulent Kinetic Energy Variation along Y 

 

 
Fig o Turbulent Kinetic Energy Variation along Z 

 
Fig p Wall Yplus Along X 

 

 
Fig q Wall Yplus along Y 

 

 
Fig r Wall Yplus along Z 

 

 
Fig sPathlines by particle ID 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 4, Issue-10, Oct.-2016 

Aerodynamic Performance of a Forward Bent Frame in a High Speed Bike 
 

32 

 
Fig tPathlines by Particle Velocity 

 

 
Fig u Streamlines about the Bike 

 
Fig. f, Fig. g and Fig. h depict the variation of static 
pressure along the mentioned axes. The variation of 
pressure is plotted for the pressure acting on the bike-
rider assembly, the front wheel and the rear wheel. 
The variation for wheels remains higher while the 
value of static pressure remains almost constant 
across the bike-rider assembly. Fig. I depicts the 
velocity of the air relative to the bike-rider assembly, 
front wheel and the rear wheel. Fig. j, Fig. k and Fig. 
l depict the variation of fluid particle velocities on the 
surfaces of the bike-rider and wheels. These plots 
show the higher fluid velocities for particles near the 
wheels relative to the bike. Further plots after the 
velocity plots show the variation of turbulent kinetic 
energy of fluid particles on the surfaces and the wall 
yplus stresses variation along the axes. These plots 
show a higher share of turbulence and stresses being 
taken by the wheels.  
 
B. Normal Bike 
 

 
Fig v Pressure variation along X-Direction 

 
Fig w Pressure Variation along Y Direction 

 

 
Fig x Pressure Variation along Z- Direction 

 

 
Fig y Sketched velocity vectors showing air velocity relative to 

the Bike velocity 
 

 
Fig z Velocity Variation along X 
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Fig aa Velocity variation along Y 

 

 
Fig bb Velocity Variation along Z 

 

 
Fig cc Turbulent Kinetic Energy Variation along X 

 

 
Fig dd Turbulent Kinetic Energy Variation along Y 

 
Fig ee Turbulent Kinetic Energy Variation along Z 

 

 
Fig ff Wall Yplus Along X 

 

 
Fig gg Wall Yplus along Y 

 

 
Fig hh Wall Yplus along Z 
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Fig iiPathlines by Particle ID 

 

 
Fig jjPathlines by Velocity 

 

 
Fig kk Streamlines 

 
A comparison of graphs of wall Yplus stresses and 
turbulent kinetic energy for the normal bike and the 
forward bent frame bike depicted that there is a wider 
variation in the velocities and the turbulent kinetic 
energies, thus instabilities in a normal bike are bound 
to be higher than the instabilities in the forward bent 
frame bike. Moreover the values of wall yplus 
stresses are much higher for the normal bike, 

indicating a higher turbulence near the bike surface, 
i.e. a higher drag force is bound to be acting on the 
normal bike. 
 
CONCLUSION 
 
Although the results clearly made it certain that the 
forward bent frame bike is bound to perform 
aerodynamically better due to lower turbulence in the 
flow. Moreover, the forces report generated from 
Fluent Report indicates that the total drag forces are 
reduced by 30% from the normal bike and a 7% 
reduction in viscous drag is observed in the case of 
forward bent frame bike. This reduction in drag 
creates an appreciable difference in the road 
performance of a cyclist, particularly a sprinter.  
Comparing the instability inducing lift forces, it is 
observed that using a forward bent frame reduces the 
lift forces by a drastic 51.2%, which means that even 
higher velocities may be attained without sacrificing 
the stability of the bike. Thus, a forward bent frame is 
a better substitute of the conventional bike frame in 
race for high speed human powered vehicles. 
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