
Workshop on Sports Aero- and Hydrodynamics 
November 27th, 2020, virtual online meeting 

The impact of skin suit zigzag tape turbulators on speed 
skating performance  

W.A. Timmer and L.M.M. Veldhuis 
Delft University of Technology, Delft, The Netherlands  

w.a.timmer@tudelft.nl 

Abstract 
At present no elite speed skater would compete in a race using a smooth skin suit, as he knows this will give him a big 
disadvantage in terms of aerodynamic drag. A certain amount of roughness helps to suppress laminar separation of the 
flow around the body, resulting in reduced pressure drag. However, in the almost 25 years after the introduction of the 
one-piece skin suit by the Austrian Franz Krienbühl in 1974, the trend was to use increasingly smooth fabrics for skating 
suits, aiming at good cooling characteristics and an optimal fit. A smooth fabric was also used for the skin suits of the 
Dutch elite skating teams until the Nagano Olympic Games in February1998. This is remarkable as Eise Dobbinga, a 
TUDelft aerodynamics professor, already in 1987 measured reductions in drag of around 20% while wind tunnel testing 
the impact of seams and trip wires on the drag of a mannequin leg with a skin suit fabric. These results lay essentially 
dormant for about 10 years until in 1997 wind tunnel measurements at TUDelft were performed on live skaters (in an 
open jet facility) and cylinders (in a close test section), this time using zigzag tape as turbulator (see figure 1), confirming 
Dobbinga’s earlier findings. Total drag area reductions on static male skaters with zigzag tape strips on lower legs and 
cap were found up to 10%.  

 

 
Fig. 1 Left, foam zigzag tape turbulators on a mannequin leg. Right, 0.93 mm thick Teflon zigzag tape on a cylinder to 
determine the position giving the highest drag reduction in a specific Reynolds number range. Tape on the left and right 

from the leading edge. 

The drag results with zigzag tape do not show the typical sharp increase after the dip compared to distributed roughness 
(rough fabrics) due to the good mixing of the boundary layer as a result of the small vortices emanating from the zigs 
and zags. 
The zigzag strips –as they were called- were used by the Dutch at the Nagano Olypics and were a success. Dutchman 
Gianni Romme e.g. beat his own world record on the 5000m set a few months earlier with 8.43 seconds, the second 
largest improvement ever, only topped by Boris Shilkov in 1955 skated at the Medeo magic oval (18.1 seconds) in 
Almaty (Kazachstan). It was measured in the wind tunnel on static skaters, but now undeniably also in practice the 
strips reduced the drag and right after the Games all international elite skaters started to use them. However, until 
recently it has never been clear to what extent the aerodynamics of the suit with the zigzag strips played a role here.  
In an attempt to quantify this contribution the matter was approached from three different angles. 
 
1 
Calculation of the average power Gianni Romme required to skate a world record on the 5000m. in the period around 
the 1998 Olympic Games:  
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𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟 = 1

2
𝜌𝜌𝑉𝑉3𝐶𝐶𝑑𝑑𝐴𝐴 + 𝜇𝜇𝜇𝜇𝜇𝜇𝑉𝑉     (1) 

 
Romme skated three consecutive world records on the 5000m in 3.5 months time at different altitudes: in Heerenveen, 
the Netherlands (Dec.1998, without zigzag strips), in Nagano, Japan (Feb. 1998, with zigzag strips) and Calgary, 
Canada (March 1998, idem). A key parameter in eq. 1 is the density, which is mainly depending on the atmospheric 
pressure and the venue temperature. According to Heine et al. (Heine 2010) and research of later date athlete power 
output decreases with altitude, which means that the maximum power is only available at sea level. Using Romme’s 
calculated power in Heerenveen (sea level conditions) and measured or estimated values for the ice friction coefficient 
µ, the smooth skin suit drag area, his mass and a hall temperature of 13 degrees (official Olympic Games report 1999) 
the drag area’s in Nagano and Calgary have been determined.  
To be able to use the right density this required translation of the local pressure at higher elevation rinks to sea level 
values. Comparison of the drag area’s in the three cases revealed a drag decrease of 4.8% (Nagano) and 6.3% (Calgary). 
 
2 
Comparison of top elite skater performances relative to the winner in Heerenveen, Nagano and Calgary 
Table 1 shows how much seconds international elite 5000m skaters finished behind Romme in the races on the three 
different ice rinks. In Heerenveen and Calgary the conditions for all skaters were equal. In Nagano the Dutch (and Bart 
Veldkamp, competing for Belgium) were the only ones in the top 8 wearing the zigzag strips on the 5000m. 

 
It appears that experienced elite 5000m skaters of 4 different nations were significantly further behind the winner 
Romme in Nagano (average 18 sec.) then they were in the races before (11.1 seconds) and after the Olympic Games 
(9.1 seconds), while the results of the skaters using the zz-strip technology (the top 3 and Bob de Jong) did not show 
this. Relative to the Heerenveen results Romme had an advantage of 0.55 seconds per lap (about 5.5%) in Nagano.  
 
3 
Analysis of historical world record data for 5000m and 1500m 
A detailed analysis of historic 1500m world records shows that in two years time, between March 1996 (no clapskate 
nor turbulators) and March 1998 (both) the 1500m world record improved with 4.18 seconds (1.11 s/lap), of which 3.52 
seconds was realized in just the last year while in the almost 20 years before average laptime improvement was only 
0.20 s/lap. This 4.18 seconds improvement was a combined effect of the introduction of the clap skate and improved 
aerodynamics with zigzag tape. Accounting for the 0.2 seconds per lap improvement per year irrespective of new 
technology, 3.78 seconds improvement can be attributed to both clap skates and zigzag strips. A more detailed analysis 
of the few months before the Nagano Games it appears that at least half of the 3.78 s can be attributed to improved 
aerodynamics. This is 0.5 seconds per lap on the 1500 meters, which is an appriximate 5.3% overall drag reduction. 

Conclusion 
Application of the zigzag strips on the lower legs and cap of a smooth skin suit reduced the drag of elite skaters on 1500 
and 5000 meters with at least 5%. 

Ranking 
Calgary 

 Seconds behind Romme  
Name Country H-veen Nagano Calgary 

1 Gianni Romme NED 0 0 0 
2 Rintje Ritsma NED 5.3 6 4 
3 Bart Veldkamp BEL - 6.1 6.1 
4 Remi Hereide NOR 6.8 17.5 7.4 
5 Bob de Jong NED 3 9.2 8.1 
6 Frank Diettrich GER 7.9 12 8.6 
7 Roberto Sighel ITA 11.1 15.9 9.1 
8 Steven Elm CAN 18.6 26.5 11.3 

 

Table 1: Differences with Romme of a number of elite skaters at 3 consecutive 5000m races 
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