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The influence of the posture and the interval of the following skaters on the reduction
of the aerodynamic drag of a leading skater in speed skating team pursuit events
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Abstract : The purpose of this study was to determine the effects of the distance between the
following skaters and their posture on the aerodynamic drag of a leading skater in the team pursuit
event of speed skating by conducting wind tunnel experiments. Three full-scale human models were
placed in a tandem arrangement, with four different distances (0.8, 0.9, 1.0 and 1.2 m) between the
models. For the first model, the upper torso angle of attack « was always set to 0°. For the two
following models, a was set to three different values (0, 20 and 40° ). Four combinations of posture
conditions (A-D) were used for the three models. For each posture, A: two following skaters had a
of 0°; B: the second and the third had o of 20° ; C: the o of the following skaters the second and the
third were 20° and 40° respectively; D: two following skaters had o of 40°. These combinations
were planned so that the total projection area of the following skaters was larger in the order A<<B
< C<D. The results indicated that the distance between the three athletes, if within 1.2 m, in the
team pursuit formation can reduce the drag of the leading skater. Furthermore, the largest reduction
in drag was observed at 0.8 m, which is the smallest distance between the three skaters in this study,
indicating that the smaller the distance between the skaters, the greater the reduction in drag. It was
also clear that the posture of the following skaters (large upper torso angle of attack) can also reduce
the drag of the leading skater. In addition, it was suggested that even changes in the posture of the

third skater as well as the second skater could affect the aerodynamic drag of the leading skater.

Key words : speed skate team pursuit, wind tunnel experiments, acrodynamic drag, interference
flow regions, vicinity
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Figure 1 An example trial of the wind tunnel experiment of team pursuit formation using the full-scale models. The

angle of attack in trunk is shown as “a”. This is an example of case “C” combination listed in Table 1 at the distance

(L) in 0.8 m between each model.
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Table 1 Combination of the three skater models (A, B,
C and D) which show the angle of attack in trunk (a:
degrees) for each location (First, Second and Third
position)..
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Figure 2 The frontal projected area S (m”) and the maximal height of the model (m) in three positions of the trunk
angles (a). Pictures (a), (b) and (c) show its position with angle of a 0 degree, 20 degrees and 40 degrees

respectively.
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Table 2 Averaged drag area (CpA4) and standard
deviation of single skater model (a=0) for each wind
velocity (U: 12 ~ 16 m/s).

2
Ulm/s] CpAlm?]
Mean SD
12 0.199 + 0.003 A
13 0.192 + 0.002
14 0.190 + 0.001 +
15 0.191 + 0.001
16 0.194 + 0.001

Note: The symbols & and T indicate significant
differences between other groups (p<<.01) and
between 16 m/s condition (p<.05) respectively.
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Figure 3 Comparison of the aerodynamic drag (C,4) of the leading skater in the pursuit formation with a variety of
spacing and posture configurations of the following skaters. (a) The effects of the interval distance of the following
skaters on the C,4 of the leading skater in pursuit formation in whici the following skaters in the same combination
of their postures (A, B, C, D). These combination mean the sets of the angles of attack in trunk (in degrees) for
three skaters (the first, the second and the third) as A (0 0 0), B (0 20 20), C (0 20 40), and D (0 40 40),
respectively. (b) The effects of the combination (A, B, C, D) of the postures of the following skaters on the CpA of
the leading skater in pursuit formation in whici the following skaters in the same interval distance. Statistic
significance of the difference between the groups are listed in Table 3. A single skater is shown as reference value.
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Table 3 List of the significance of the differences in the mean Cp4 of the leading skater model. These comparisons
were made between the groups based on spacing (upper) or posture (lower) differences of the following models,
respectively.

Combination of the three models (A, B, C and D)

A B (el D
U@s) L@m 08 09 10 1.2 08 09 1.0 12 08 09 10 12 0.8 09 1.0 1.2
0.8 — — — — — * ¥k T — ok TS T — TS 1] ke
0.9 = = = - NS e - NS e - NS ok
12 1.0 — el — el — desese — seede
1.2 - = = -
0.8 — — — — — ok ek ook — ek sk ko — ok * sk
) 0.9 — — — — # el — N.S. desese — N.S seede
13 1.0 — ok — ook — ek — sk
12 = = = =
0.8 — — — — — N.S. # el — N.S. € desese — P * seede
0.9 — — — — N.S. ook — N.S. ek — N.S. sk
14 1.0 — sk — P — P — sl
12 = = = =
0.8 — — — — — - Sesese el — e Sesede desese — el et Sesede
0.9 — — — — * ook — N.S. ek — NS sk
15 1.0 — ok — ook — ek — sk
12 - - - -
0.8 — — — — — ek sekok ook — ook sk ek — Holok Aok sk
0.9 — — — _ *ok ook — Ak ek — Ak sk
16 1 O _ ik —_ ok _ dakak _ ki
12 = = = =
Intervals between the models (Z)
0.8m 0.9m 1.0m 1.2m
Uus) Sombiation 5 g c D A B C D A B c D A B c D
A == = = = = = = = * * o — NS. NS N.S.
. B - NS * - NS NS - NS * - NS N.S.
(& - NS - NS - NS = N.S
- _ _ _ _
A = = = = = = = = - Ns§. ok - NS NS N.S
13 B -  Ns§. - NS. NS = i ok - NS NS
(& - i - NS - NS - NS
D _ _ _ _
A = o = = = = = = - NS Ns. e - NS. NS N.S
14 B - NS. Ns. - NS. NS - NS * - NS NS
(& - NS - NS = * = NS
D = Z _ =
A - - - - - - - - - * LALTIE L - NS. NS NS
15 B - NS o - NS * = * o - NS NS
C — * — * — * — N S
D _ _ _ _
A — — — — — — — — — Aok ook ek — N.S * *
16 B — * Hedfeafe — N S * — * Aekeak — N S N S
C — ek — # — Heskeok — N.S
D _ _ _ =

Note. Upper: The symbols of the asterisks indicate significant difference on the averaged Cp,4 between the groups
about the interval of the models (L) with same combination of the three models (A-D). These combination mean
the sets of the angles of attack in trunk (in degrees) for three skaters (the first, the second and the third) as A (0 0
0), B (020 20), C (020 40), and D (0 40 40), respectively. Lower: The symbols of the asterisks indicate
significant difference on the averaged Cp, 4 between the groups about each combination (A-D) of the posture of the
three models with same interval of the models (0.8-1.2 m). “N. S.” means no significant difference were found in
comparisons between intersecting groups. The upper and the lower tables correspond to Figures 3 (a) and 3 (b)
respectively. (*p<C.05, * *p<<.001, ***p<.0001)
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Figure 4 An example which shows the largest athlete
is placed as the second skater in the team pursuit
formation.

*This image was edited by the author after filmed by
the Japan Skating Federation.
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