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Gold Medal Keirin Rio







Distance to Finish



difference with silver

• 0.033 sec.

• James was riding 4 km/h faster

• If the finish would have been 16 meter 
further, Elis would have lost the Gold 
Medal



Go!



Sprint for Bronze against Katy Marchant
difference: 1.58 m



1.85 m
90 kg



1.71 m
67 kg





Teun Mulder
1000 m



1 km timetrial



1 km timetrial: RPM



1 km timetrial: power



factors
• air resistance (CdA)

• rolling resistance

•mass rider + bike

• track (3D)

• power delivered

• power - rpm function

• gear 

• temperature

• air pressure 



energy intake body reserve anaerobic aerobic

power output
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factors
• air resistance (CdA)

• rolling resistance

•mass rider + bike

• track (3D)

• power delivered

• power - rpm function

• gear 

• temperature

• air pressure 



Frontal area (m^2) = 0.0293 x height (m) x mass (kg)^0.425 + 0.0604

Bassett et al. (Med Sci Sports Exerc 1999; 31:1665-1676)
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m=25L2



m=25L2



m=25L2

m=14.2L3



m=25L2

m=14.2L3(3400 zoogdieren)







87 kg 0.346 1400 1.21 m

87 kg 0.346 1384 0.50 m

mass (kg) power (W) difference at finish

250 m with start 50 km/h
1.85 m 90 kg P=1400 W CdA=0.35

CdA



87 kg 0.346 1400 0.63 m

87 kg 0.346 1384 0.11 m

250 m with start 64 km/h
1.85 m 90 kg P=1400 W CdA=0.35

mass (kg) power (W) difference at finishCdA



Air Resistance



2 x velocity
2 x more collisions per second
2 x more impulse per collision
4 x more air resistance
8 x more power needed = force x velocity



2x as tall
4x as strong
8x mass
8x power

available



2x as tall
4x air

resistance
8x power

needed



Jean Robic (1.61 m)



Johan Vansummeren (1.97 m)



1.05

0.80

0.50

0.47

0.42

0.04

dynamical coefficient
of air resistance

0.7



Graeme Obree



velocity (m/sec)

tijd (sec)

tailwind

headwind



Reynolds Number

• Re = V * rho * l / mu

• V: velocity

• rho: air density

• l: length of the object

• mu: viscosity of the medium



reynolds numbers at 60 km/h

upperarm lowerarm

trunk

head







Navier Stokes Equations and Continuity Equation



Navier Stokes Equation and Continuity Equation

acceleration pressure viscosity
density



For OS X or Linux
Open Source



CFD modelling is computer simulation of air or 
fluid movements using Computational Fluid 

Dynamics (CFD)











§



Elis Ligtlee
in her

BMX time

!







0.336 1400 1.60 m

CdA(m^2) power (W) difference at finish

250 m with start 50 km/h
1.85 m 90 kg P=1400 W CdA=0.35



Sprint for Brons against Katy Marchant
difference: 1.58 m
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310 NFa





1.80 m
88 kg



Ergofet, max 1300 N



elbow angle: 120°



massarmposture

gain in meter
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