
Myth Busting:

The Disc Wheel
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Fact or Friction

A disc wheel produces lower drag at higher yaw angles, 
and therefore is a faster wheel choice for an athlete.
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Theory and Methodology

Falcon Pursuit implements a fundamental thought process: In order to effectively provide an athlete with 
a competitive advantage, it is necessary to model, simulate, and evaluate all forces that an athlete will actually experience in real riding (or racing)  
conditions.

First the athlete needs to be modeled and tested as a system. All bikes have a rider, and that rider wears a 
helmet, glasses, and cycling kit. Without testing the entire system, the results will often be misleading and incomplete.

Secondly ask any cyclist from a novice to a professional athlete, and they will confirm 
cross winds exist. Therefore if  the rider is experiencing side force drag in the real world, it is necessary to model and calculate the effects of  
this force on the drag of  the athlete. Thus it is necessary to calculate Total Drag, which is comprised of: 

[Axial Drag Force Vector] + [Axial drag component from Side Force Drag Vector]

As a result of  wind tunnel, Computational Fluid Dynamic (CFD) and real world testing, Falcon Pursuit has demonstrated that an athlete riding a disc wheel 
exhibits a higher total drag force, expressed in grams of  drag, in as little as 2.5(Degrees) of  yaw.

The next several pages will present the necessary mathematics to  
calculate total drag and in addition review an independent case study 
that supports this position.
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What is Aerodynamic Drag?

aer`o`dy`nam´ic drag
Noun: the resistance caused by a gas to the motion of a solid body moving through it 
(Websters Dictionary)

Therefore Aerodynamic drag is the external force that a solid body, in this case a cyclist, experiences. 
  

   The mathematical equation for drag is expressed as  

   FD= (1/2)pv2CDA

   FD is the drag force
   p is the density of  the fluid
   v is a scalar magnitude with direction of  the object relative to the fluid
   A is the cross-sectional area
   CD is the drag coefficient – a dimensionless number

Assuming that power remains constant, the decrease of  aerodynamic drag will increase the velocity of  the object. Simply, if  there is less force (drag) on 
the cyclist;  the cyclist is able to travel at a higher velocity with the same energy output. 

However there are two aerodynamic drag force vectors an object, specifically a wheel, experiences:
 1.Axial Drag Force Vectors
 2.Side Drag Force Vectors
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Axial Drag Force Vector: 
The Drag force perpendicular to the axel, which acts in the   
direction of  travel of  the wheel (represented by the blue arrow).

Side Force Drag Vector:
The Drag force striking the side of  the wheel, which is   
perpendicular to the axial drag force vector (represented by the 
red arrow).

Total Drag Force: 
[Axial Drag Force Vector] + [Axial Drag Component from Side Force 

Drag Vector]
or

Vector 1 + Vector 2
or

Axial Drag Force Vector + (Tan[Yaw Angle]*Side Force Drag Vector)

Total Drag Force
 Axial Drag Force Vector + Side Force Drag Vector

Looking at the top diagram to the left, the force hitting the center 
line of  the axel, represented by the blue arrow, is referred to as 
“axial drag force vector” Where the ‘side drag force vector”, repre-
sented by the red arrow, is determined by the apparent wind vector. 

Think about this: A rider travelling West at 40km/ per hour is a 
vector. Vector addition is necessary to derive total drag. Most manu-
facturers exclusively quote bike axis drag. However in the real world 
a rider is experiencing both axial drag and side force drag, thus the 
rider holistically experiences the total drag force of  an environment, 
or Vector 1+ Vector 2.
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Independent Case Study: 
 “A Comparative Aerodynamic Study of 
 Commercial Bicycle Wheels using CFD”

A Comparative Aerodynamic Study of
Commercial Bicycle Wheels using CFD

Matthew N. Godo1
Intelligent Light, RutherFord, NJ, 07070

David Corson2
ACUSIM Software, Inc., Clifton Park, NY 12065

and
Steve M. Legensky3

Intelligent Light, RutherFord, NJ, 07070

Abstract: 

“A CFD methodology is used to study the performance of  several commercial bicycle wheels over a range of  speeds and yaw angles. The wheels 
studied in this work include the Rolf  Sestriere, HED H3 TriSpoke, the Zipp 404, 808 and 1080 deep rim wheels and the Zipp Sub9 disc wheel. Wheels 
are modeled at speeds of  20mph and 30mph, in contact with the ground, using Reynolds-Averaged Navier Stokes (RANS). Drag, vertical and side 
(or lift) forces are reported for each wheel. Turning moments are also calculated using the resolved side forces to examine aspects of  stability and 
maneuverability. Drag and side forces over the range of  yaw angles studied compare favorably to experimental wind tunnel results. The previously 
reported unique transition from downward to upward acting vertical force on the Zipp 404 wheel for increasing yaw angles is observed for all deep 
rim wheels and the disc wheel studied here. Wheels were also modeled at a critical yaw angle of  10 degrees using Delayed Detached Eddy Simulation 
(DDES) to examine the transient aspects of  flows around moving bicycle wheels. It is hoped that a more complete comprehension of  these results will 
lead to improvements in performance, safety and control of  bicycle racing wheels used by amateur and professional cyclists and triathletes.”
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Figure 7 FP Analysis of Case Study: Figure 7 looks solely at axial drag force, the following trend occurs: as the yaw angle 
increases the axial drag decreases, specifically with reference to the disc wheel. When solely monitoring axial drag force, the disc ‘ap-
pears’ to be the best choice as it shows the lowest axial drag forces.  However, this is disregarding a significant real world factor that 
all cyclists and triathletes experience, side force drag vectors.

“Figure 7: Total, Pressure and Viscous Drag Forces 
for all wheels as a function of Yaw Angle”
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Figure 8 FP Analysis of Case Study: In contrast looking at side force drag, as in Figure 8, demonstrates that as the yaw angle 
increases so does the side force drag. Therefore as a result of  total drag being the sum of  the axial drag force vector and the side 
force drag vector, the total drag of  the disc wheel also increases as the yaw angle increases. 

Neglecting the fact that the wheel is now experiencing a significant side force drag is removing a meaningful real world factor.   
Thus creating an unrealistic evaluation of  how a wheel will react in the real world.   

“Figure 8:Total Side Forces for All Wheels as a 
function of Yaw Angle”
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Model YAW 5 degrees YAW 10 degrees YAW 15 degrees YAW 20 degrees

 Axial 
Drag

Side 
force 
drag

Total 
drag 
N

Total
drag 
grams

Axial 
Drag

Side 
force 
drag

Total 
drag 
N

Total
drag 
grams

Axial 
Drag

Side 
force 
drag

Total 
drag 
N

Total
drag 
grams

Axial 
Drag

Side 
force 
drag

Total 
drag 
N

Total
drag 
grams

Zipp 404 1 2.5 1.22 124.4 0.95 4.5 1.74 177.9 1.25 5.2 2.64 269.7 1.4 7.5 4.13 421.4

Zipp 808 0.9 3 1.16 118.6 0.85 7 2.08 212.7 1.25 9 3.66 373.6 1.45 11.75 5.73 584.4

Zipp 1080 1 5.5 1.48 151.1 0.5 11 2.44 248.9 1.05 14.25 4.87 496.8 1.15 16.5 7.16 730.2

Zipp Sub9 0.55 6 1.07 109.7 0.25 12.5 2.45 250.4 0.05 19 5.14 524.6 0.05 22.75 8.33 850.0

Hed 
Trispoke

1.05 2 1.22 125.0 1.01 4.55 1.81 184.9 0.95 7 2.06 210.1 0.85 9.5 4.31 439.6

Rolf 
Sestriere

1 1 1.09 111.0 1.01 1.5 1.27 130.1 1.25 2.5 1.92 195.9 1.2 3 2.29 233.9

 
Still Not sure if Axial Side Force Drag is important?

Think about this: A cyclist riding a time trial bike at 30 mph of  apparent wind, sees an excess of  20 Newton’s above 10 degree of  YAW. That 
is 2039 grams = 2.039 kilograms = 4.49 pounds of  side force acting on the athlete plus bike and equipment. Therefore there is a 4.49lb’s of  
side force hitting the athletes, thus the athlete is using crucial energy in order to keep the bike upright and overcome the side drag force. 

Noticing the chart above, a disc wheel experiences up to 52% greater total force drag at 10 degrees than the lowest profile alternative. 

(Note: the above table is representative of  wheel only testing.)

Aerodynamic Drag Summary of Results from: 
“A Comparative Aerodynamic Study of Commercial Bicycle Wheels 
using CFD” with additional analysis from Falcon Pursuit to illustrate total drag.
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Falcon Pursuit Myth Busting
Conclusion 

If  the axial drag was the only force taken into consideration, a disc wheel may be characterized with less drag with 
increasing yaw angles. However, all cyclists experience both axial and side force drag. Therefore, as the case study  
concluded, the total drag force experienced by an athlete will increase as the yaw angles increase. 

Thus as the yaw angle increases so does the required energy to move the wheel forward. 

      This myth is Friction
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Contact Us for your own 
Race Day simulation and Performance Analytics

info@dontbeadrag.com


