
Wheel Performance 

Three factors define wheel performance:  1) mass/ inertia, 2) mechanical efficiency, 

and  3) aerodynamic drag.  Unlike the mass of components like the bicycle frame, 

forks, handlebars, the mass of a wheel contributes to bicycle performance in two ways. 

Wheel mass contributes directly to the overall mass of the system in the same way 

that other components contribute. While mass value of most components is static, 

the dynamic nature of a wheel creates an additional performance aspect known as 

angular acceleration or inertia.

 

Inertia 
Unlike components such as frames, forks, and handlebars, whose performance 
is evaluated on a static basis, a wheel is evaluated based on inertia. Low inertia 
significantly and directly affects the power (watts) required to accelerate the bicycle. 
The contribution of wheel inertia is significant; it is approximately 3.2 times the effect 
of the mass of a static component, such as the frame.  

The effect of inertia is continuous because a bicycle is constantly accelerating 
and decelerating.  Due to the nature of cycling, a bicycle does not accelerate or 
decelerate only when a rider consciously decides to increase velocity, or slow velocity.  
Acceleration and deceleration are continuous through every rotation of the pedal 
stroke.  Therefore, wheel inertia is always a significant factor in bicycle performance.  
In a comparison test the lowest weight wheel typically results in the lowest inertia. 
However, it is possible for a wheel of slightly higher overall mass with lower perimeter 
mass (low rim mass) to produce lower inertia than a wheel that has lower overall mass, 
lower center mass (hub mass), but higher perimeter mass.  Of course, lowest overall 
mass, and lowest perimeter mass is the best combination of all.

The following article is excerpted from a white paper authored by Paul Lew. The article 

is presented to provide context and background for the new RZR 46 all-carbon wheel.  

Reynolds Composites Studio engineers, headed by Paul Lew, introduces the new RZR, an 

innovative carbon fiber & boron wheel set, representing nothing less than a new paradigm in 

bicycle wheel design.  The result is RZR 46T: at 875 grams per pair, seven patents pending, 

and a host of design innovations, it’s The World’s Lightest Wheel.
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Wheel performance as a component of 
system performance
Portions of the following section of “Wheel performance as 
a component of system performance” have been reprinted or 
adapted from High Tech Cycling by Edmund R. Burke, PhD.

When a bicycle moves in a straight line, the resistance forces 
retarding motion are balanced by the thrust components 
developed by the rear wheel. Resistance forces are  
of five types:

1. Aerodynamic forces caused by wind and the bicycle’s 
motion through the air

2. Gravity forces when the road is not level

3. Inertial forces experienced when the bicycle is accelerating 
or decelerating

4. Tire rolling resistance forces

5. Bearing friction

The following equation serves for analysis of the relative 
importance of the resistance forces and the benefits of 
equipment modification:

m(dv/dt)  =  T – [WSin(ArctanG) + WCrr1Cos(ArctanG) + 
NCrr2V + ½CdAρ(V + Vw)2]

m = mass of the bicycle + rider

dv/dt = acceleration rate

T = propulsive thrust at the tire contact patch

W = wheel weight

Crr1 =  rolling resistance coefficient

G = fractional slope (rise/ horizontal distance)

N = number of wheels (bicycle = 2, tricycle = 3)

Crr2  =  coefficient defining rolling resistance variation based 
upon velocity (0.0505N*s/m based upon empirical data from 
General Motors test drum)

V = velocity of the bicycle system (bicycle and rider)

Cd = aerodynamic drag coefficient

A = frontal area

 ρ= air density (1.2 kg/m3 or 0.00233 slugs/ ft3 are reasonable 
values)

Vw = headwind or tailwind velocity headwind value is +, 
tailwind value is -

CONTINUED ON NEXT PAGE

The first term = inertial force due to acceleration

The second term = rider generated net thrust after the losses 
through the chain, gears, and rear wheel

The third term = force component of gravity (ascending or 
descending)

The fourth term = rolling resistance of the tires + bearings

The fifth term = velocity dependant drag from wheel bearings + 
tires + wind

The sixth term = aerodynamic drag of the bicycle system 
(bicycle + rider)

Forces of inertia play an important role in the overall time 
required for a rider to cover a given distance.  Newton’s 
second law of motion states, F = ma

F = force (thrusts)

m = mass

a = acceleration

 
 
The way to improve acceleration (a) is to increase force (F) or 
decrease mass (m).  Therefore, when comparing two riders 
of equal ability a 1 kg difference in the equipment weight will 
make a significant difference.  If bicycle system (bicycle and 
rider) #1 weighs 80 kg and can accelerate from a stop to 
cover 100 m in 10 seconds, then bicycle system #2 weighing 
81 kg will lose about 0.06 seconds in 100 m.  This represents 
a gap of approximately 0.8 m against an equal opponent of 
the lighter bicycle.  The effect of mass/ inertia in the wheels 
has approximately triple the effect of the frame, fork, and 
handlebars.  Therefore, a similar outcome will result comparing 
two wheel sets with a mass difference of approximately  
312.5 grams.

Most courses are up and down, and race pace is never 
constant, so acceleration and deceleration is a constant 
process.  Although many people think that light weight 
equipment is not important on a flat course such as a time trial, 
this is evidence to the contrary.  Lighter equipment is faster.
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Wheel Inertia Table: See Appendix A
Wheel inertia data other than the Reynolds 46T is used 
courtesy of www.rouesartisanales.com

Aerodynamic Testing
The purpose of aerodynamic testing of a bicycle wheel is to 
determine its drag value, or to determine the amount of drag 
reduction it contributes to the bicycle system.  A complete 
bicycle system, which is composed of a cyclist and a bicycle, 
is a complex combination of structural and mechanical 
components designed to function in an efficient, reliable 
manner.  Characterization of efficiency can be described 
as, optimization of the bicycle system to reduce the amount 
of effort required by the rider to move it forward.  Many 
components of the bicycle system can be defined scientifically.  
One such component is the wheel.  

Typical aerodynamic wheel testing protocol has been based 
upon relative comparison of drag data of individual wheels 
using identical fixtures and tires for every wheel in an attempt 
to maintain consistency of variables.  There are many reasons 
this type of test protocol will yield results of little to no value.  

Testing a wheel in a fixture independent of the bicycle system 
is similar to expecting to achieve valid structural bicycle frame 
data independent of a load.  No engineer would ever construct 
a frame and claim that it has been structurally validated without 
applying a load simulating the dynamic load of a cyclist riding 
the bicycle.  Why then test a wheel independent of factors that 
interact with it and ultimately define its performance?  When 
was the last time a bicycle wheel raced without a  
frame or a rider?  

All Reynolds wheels are designed to work as the lowest drag, 
lowest mass, and lowest inertia wheels for the best real-world 
performance, not to perform as an individual wheel.

CONTINUED ON NEXT PAGE
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Complete system testing is the best predictor of real-world  
performance.  Individual wheel testing is not a valid test  
method for predicting real-world performance.  

The test data indicates that Reynolds wheels offer the best 
performance.  The best performing wheel does not mean only 
the lowest aerodynamic drag value, but the wheel inertia must 
be considered.  Because all competition does not occur at 
30 MPH, and because climbing and acceleration are factors 
in bicycle racing, wheel inertia becomes an important factor 
in wheel performance.  The combination of aerodynamic 
performance and low inertia results in an overall  
performance value. 



Rim designers have used an “ovoid” shaped rim section combined with a 21 – 23 mm tire to closely adhere to the 33% chord line 
guideline.  See Illustration 2.0. Another method for creating the widest part of the airfoil at the 33% chord line mark is shown in 
Illustration 2.1. 33% Chord line mark is shown in Illustration 2.1 using the Reynolds Swirld Lip Generator.
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Rim Design 
The leading edge of the wheel is very important.  The leading 
edge of a bicycle wheel shares some common characteristics 
with the leading edge of an aircraft wing.  Because low drag is 
the goal, not high lift (the higher the lift, the higher the drag), the 
widest part of the wheel should not be at the leading edge.   
Low drag airfoil design typically places the thickest portion of the 
airfoil at about 33% of the chord line, or approximately 1/3 of the 
distance from the leading edge to the trailing edge.  Most low 
drag airfoil designs adhere closely to the 33% chord line rule.  
Tire selection plays an important role in achieving an airfoil shape 
that closely adheres to the 33% chord line rule so it is possible to 
choose a tire that is compatible with the rim for optimal low drag 
performance.  The most common mistake is choosing a tire that is 
too wide for the rim which will move the widest part of the airfoil 
shape too far toward the leading edge as opposed to  
33%  of the chord line.  

Swirl Lip Generator



The rim design shown in Illustration 2.1 embodies the 
Reynolds RZR 46, a more efficient solution for low drag 
than the rim design shown in Illustration 2.0 for the following 
reasons:

1. The rim is a shorter section, 44-46 mm vs. 58 – 60 mm.  
The benefit of a shorter rim section is lower mass, especially 
lower mass at the rim, which results in lower inertia.

2. The rim section is narrower.  In a time-trial or triathlon a 
narrow rim and smaller diameter tire results in: 

 a. Lower frontal area.  Frontal area is decreased by 1.0 mm

 b. Less aerodynamic interference with the fork and frame.    
 The rim shown in Illustration 2.0 reduces the interference   
 distance by approximately 0.5 mm.

 c. The overall result is approximately 20% lower drag when  
 tested as a component of the system  
 (mounted on the bicycle)

3. The SWIRL LIP GENERATOR contributes by effectively 
moving the widest part of the airfoil to the 33% chord line 
distance by widening the rim near the spoke face, but at the 
same time helping the separated air re-attach, and minimize 
pressure drag. The swirl lip generator also creates turbulence 
which encourages the airflow to reattach, thus reducing the 
size of the pressure drag from the separation.  In simple 
terms, it makes the air want to “stick” to the rim.  The swirl 
lip generator also decreases the side-force acting on the 
rim in a cross-wind smoothing the turbulence and pressure 
drag generated on the low-pressure side of the rim.  This is 
validated by the side force data showing that the cross-wind 
force is greatly reduced as a result of the swirl lip generator.  
The swirl-lip generator is effective at reducing the steering 
force required to keep the bicycle wheel in line with the 
bicycle in a cross-wind.

Selecting A Tire
A tire that is equal in width to the rim produces good values, 
but for optimal performance, select a tire that is more narrow 
than the rim width.  Decreasing the width of the tire to a size 
more narrow than the rim width will always result in lowering 
aerodynamic drag as compared to a tire that is equal in width 
to the rim or wider than the rim.  A narrow rim, therefore 
will be the best choice for a narrow low rolling resistance 
tire.  Additionally, a narrow rim also presents low frontal area 
which reduces the turbulence between the wheel and frame 
components by increasing the separation distance.

Spoke-Rim Interface
The spoke rim interface plays an important role in drag 
reduction. A low drag, NACA 0033 airfoil shaped spoke 
(Reynolds RZR 46) will minimize the turbulence generated.  It 
is well accepted that round spokes create turbulence.  A round 
spoke; as compared to an airfoil shaped spoke of the same 
width generates approximately ten times the aerodynamic drag 
(See illustrations below).

 

 
 
 
 
 
A Reynolds RZR Carbon spoke NACA 0033 airfoil cross-
section at rim-spoke interface.   Coefficient of Drag, Cd = 0.12

 
 
 
 
 
 
 
A Metal bladed spoke cross-section at rim-spoke interface. 
Coefficient of Drag, Cd = 1.2, 10 x the aerodynamic drag of 
the RZR 46T spoke at the rim interface

Bladed metal spoke wheels change to a round spoke at the 
spoke-rim interface which increases turbulence and drag at 
the fastest portion of the rotating wheel.  The airfoil shape of 
the spokes of the RZR 46 wheels at the spoke rim interface 
reduces the drag of the wheel by 15% over a 16 metal bladed 
spoke wheel.
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Model Energy (J)
*1

Weight 
(g) Extra power (W) *2

    

RZR 46T  77  899  0.00 
    
Tune Skyline Reynolds KOM 79  885  0.80  

Lightweight Ventoux Obermayer 2006  81  933  1.00 

Lightweight Obermayer G1 2005 20/20  84  1065  1.30  

Lightweight Obermayer G3 2008 16/20  84  990  1.30  
Reynolds KOM 2008  85  1037  1.40  

Lightweight Standard G3 2008 16/20  86  1090  1.50  

Roval Alpiniste SL Carbon 2008  86  1039  1.50  

Lightweight Ventoux DT 2008  86  1039  1.50  
Lightweight Standard G3 2008 20/20  87  1103  1.60  

Speedcomposites Sinus 2007 24/28  87  1073  1.60  

Tune Olympic Gold 2005  88  1075  1.70  

Zipp 202 2008  89  1075  1.80  
Reynolds DV UL 46 2008  93  1164  2.10  

Topolino VX 4.0 2008  93  1169  2.10 

Mavic Cosmic Carbone Ultimate 2007  94  1205  2.30 

Shimano WH-7850 C24 TU 2008  96  1245  2.50 
Campagnolo Hyperon 2006/2008  97  1255  2.60 

Ritchey WCS Carbon 2005  97  1295  2.60 

Corima - Tune - Aerolite 2007  98  1245  2.70 

Shimano WH-7801 Carbon 2006  98  1305  2.70 
Easton EC90 SLX 2008  98  1256  2.70 

Zipp 404 2008  99  1274  2.80 

Sat Lite 5.8 2008  100  1328  2.90  

Bontrager Race XXX Lite 2008  100  1296  2.90 
Corima Aero 2007  101  1455  3.00 

Easton Tempest II Carbon 2005/EC90 Aero 2008  101  1380  3.00 

Fulcrum Racing Speed 2006/2008  102  1350  3.10 

FSA K-Force RD480 2008  102  1354  3.10 
Campagnolo Bora G3 2005/2008  103  1400  3.10 

Xentis Mark 1 2005  103  1455  3.10 

Bontrager Race X Lite Carbon Aero 2005  105  1420  3.40 

FRM FL-R 23 SD Aerolight 2006  105  1335  3.40 
Mavic R-SYS 2007  105  1374  3.40 

Zipp 808 2007  107  1455  3.60 

Appendix A: Wheel Inertia Table

CONTINUED ON NEXT PAGE
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Fulcrum Racing Light 2008  107  1401  3.60 

Vuelta Carbon Pro WR 2006  108  1510  3.70 

Shimano WH-7850 C50 TU 2008  109  1489  3.80 
Shimano WH-7801 Carbon 50 2006  110  1540  3.90 

Sonic Hyper 50mm 2008  110  1436  3.90 

Corima Turbospoke 2006  111  1645  4.00 

Xentis Mark 1 TT 2007  111  1594  4.00 
Citec 6000 Cx Carbon 2007  112  1504  4.10 

Pro RC50 2008  112  1596  4.10 

Ambrosio X-Carbo 2005  114  1655  4.30 

CKT Splendor 2005  115  1565  4.40 
Bontrager Aeolus 5.0 2008  118  1545  4.70 

American Classic 420 2007  119  1553  4.80 

Mavic Ksyrium ES 2006  120  1545  4.90 

Xtreme Light Wheels 2007  120  1609  4.90 
A-Class ALX 440 SL 2007  121  1616  5.00 

Campagnolo Eurus 2006  123  1590  5.20  

FSA RD-600 2006  124  1650  5.30 

Spinergy Stealth Full Carbon C 2008  125  1698  5.40  
Citec 3000S Aero 16 rayons 2006  127  1625  5.60 

Citec 3000S Aero 2005  129  1695  5.80 

HED 3 2006  129  1940  5.80 

Shimano WH-R561 2007  129  1804  5.80  
Shimano WH-R550 2007  130  1824  5.90  

Easton Vista SL 2007  131  1775  6.00 

Specialized Roval Rapid Star Carbon 2007  131  1847  6.00  

Shimano WH-R560 2006  132  1840  6.10 
Mavic Cosmic Carbone SL Premium 2008  132  1849  6.10 

Mavic Ksyrium Equipe 2007  133  1856  6.20 

Fulcrum Racing 7 2007  134  1873  6.30  

Ritchey Pro 2007  135  1876  6.40 
Campagnolo Scirocco 2007  136  1869  6.50 

Fulcrum Racing 5 Evolution 2007  137  1888  6.60 

Campagnolo Vento 2007  139  1883  6.80 

Mavic Aksium race 2007  141  1973               7.00 
Mavic Aksium race 2006  143  1965  7.20  

Mavic Cosmic Carbone SL 2005  143  1985  7.20  

Ambrosio XXL 2008  145  2108  7.40 

Gipiemme Carbon 5-5 2005  148  2040  7.70 
Rose Aerospoke 2006  165  2450  9.40 

*1Energy required to accelerate from 0 to 30km/h (J). It includes both the rotationnal and 
translational energy.
*2Extra power (W) required to accelerate from 0 to 30km/h in 10s from the best wheels. It 
includes the 70kg rider weight and its 4,1kg bike (without wheels and so 5kg bike with the lightest 
wheels).

Vocabulary

Kinetic energy : In Joules, is the energy required to change the speed of an object from A to B. 
Kinetic energy increases with the square of the speed. 
Inertia : Inertia represents the resistance of an object to remain at rest or keep its momentum. 
The inertia is a bit like kinetic energy at a given speed. 
Inertia momentum : Identical to the simple inertia but for a spinning motion. 
Second moment of inertia: It is a property of a shape which is used to predict its resistance to 
bending and deflection (such as a spoke).
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bending and deflection (such as a spoke).

A publication of the Reynolds Composites Studio ©2009 All Rights Reserved

Light Up Your Ride.™

Appendix A: Wheel Inertia Table Continued
rotational and


