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Fabric selection for speed skating suits based
on the atmospheric conditions and the athletes morphology :
Focusing on the relationship between micro-surface shape
changes and aerodynamics of grooved knit fabrics
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Koshi Suzuki"? , Kaoru Yamanobel), Akira Maeda”

Abstract : Aerodynamic drag in speed skating is also reduced by equipment. Among them, many
studies have been reported on the reduction of aerodynamic drag by suits. However, the relationship
between the aerodynamic properties of grooved knit fabrics and the change in their micro-surface
shape has not been clarified. Therefore, this study conducted the circular cylinder model wind tunnel
experiments on two types of grooved knit fabrics (Type A and Type B) with different micro-surface
shapes. In addition, a full-scale model of a skater wind tunnel experiments were conducted on two
types of one-piece suits (Suit A and Suit B) with different grooved knit fabrics used near the thighs.
In the circular cylinder model experiment, the onset of criticality for Type A was in the lower speed
range than for Type B. In a full-scale model of a skater experiment, the onset of criticality was slower
in Suit A than in Suit B. Groove depth (Type A>Type B) may have affected the criticality. In addition,
it is necessary to consider the environment of the competition venue, the physique of the athlete, and
the speed of the skater when choosing between grooved knit fabrics. Suit A and Suit B use for 0.45
m (height 1.58 m)=L=0.53 m (height 1.84 m) at Heerenveen (elevation 0 m) was as follows. The
Male 500 m was Suit B at any L, the Male 1000 m to 1500 m and Female 500 m to 1000 m events
required the use of Suit A and Suit B depending on L, and the Male 5000 m and above and Female
1500 m and above were Suit A at any L.
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Figure 1. Grooved knitted fabric
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Figure 3. A full-scale model of a skater ( Z [Shoulder width]: 0.5 m , Height: 1.75 m)
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Table 1. Ice rinks and Wind tunnel test’s Environment variable

t h P*
[°C] [m] [hPa]
Wind tunnel test (JISS)** 17.6 - 1021
Heerenveen*** 13.0 0 1013
Nagano*** 13.0 342 973
Calgary*** 13.0 1034 897
Salt Lake City*** 13.0 1423 857

* Jce rink atmospheric pressure (P) is estimated from Equation(6).

**Measured values in wind tunnel tests.

##% [ce rink elevations(/) and temperatures(s) were taken from Timmer'®.
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Table 2. Fabric surface roughness and surface characteristics

Circumference/

Sa Groove width Groove depth
one cycle length
Type A 0.10 mm 2.87 mm 0.28 mm 33.4
Type B 0.09 mm 2.93 mm 0.26 mm 34.3
d* -6.1 % 19 % -9.0 % 2.6 %
* The rate of change (d) is calculated from equation (3).
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Figure 4. Results of aerodynamic measurements using the cylindrical model
(Height: 1000 mm, Diameter: 150 mm)

32



BIERMHM A LB LAY — FA7 — b A—Y D4 H#ER

3. AR % & Bz 22 )l

NI % & B\ 72227730058 D R % Figure 5
IZ7R$ o SuitA Tlx U<l4m/s, SuitB Tl U<I15
m/s TUDWRIZE S WS, DD BALND
s GL4EI T3 - 720 Suit A TlL U>14 m/s . Suit
BTIXU>15m/s TUDHRE & HIZS, KL,
ZTNZABER R EIBIZE L 72 S, 13U =145
m/s T Suit A<Suit B, U>14.5 m/s T Suit A > Suit
B Tho7,

4. BHESLGOREEB L OETFORKIZX D22

D5

Figure 5 D #3725 Suit A, Suit BIZBIT 5 S,
DEF U=145m/s (Re=49 x 10°) %, Hf&
BiOBREDS L UBEFOMRMK 2 ZRE L 7iiERE V
[m/s] & LCHEm L7z (Table 3), EFia¥ D%
BOBARIZE S v VIZR L7,

2021 4 2 H |2 Heerenveen T Jf] #ft & #1772 ISU
World Championships @ £ H _FA7 8 4 O F- 33
FEMEEY [m/s] % Table 4 12785 . Vi 121 m/s =7
=160m/s THY, FrEHITHHOHBEOBEAR
&L BT L7zs Heerenveen (2B 522 ) %%
EL7ZHBOA (V=y)&B (V<p) Offivgy
\J% Table 5 127890 B 500m & DL [m] |2

BWTH B THo7z H+1000m, FF 1500 m,
2T 500 m, LT 1000m i LIZX->TAEBIZ
ATV 7ze J7-5000m PLE, %7 1500 m DL
FOFEHIZEDLIZBWTH ATHo72,

V. ZE

1. AMOFKEIZIK & 2271 OB R

R 92812 BT Figure 4 TR L7 YD . FRA
FHISE Type A 25 Type B & WK #IS TH > 720 A
TF2ERIZ B\ T Figure 5 T/R L7230 . Suit A &
Suit B & & (2 [ FLE I & BRI AR S h
720 NEFEERTIZ U=10m/s T3 CTIZfERHEEE T
BHolb oo, WFE &R o8 R
Suit A 2% Suit B X ) K Td 1), Suit A 2% Suit B
£V SRS T o 7o L R SN i
WA " o & AR S X OBUERT 2 5.
IR SR E L % 513 R AME N Re FHIK
IR, FER (RO MEE/ —BE)
DR E 7% 513 EFR AR Re FIRIHE 5
EIRE L7z AREFZEICIB T Table 2 T/ L 7zl
. RS Type A>Type B TH Y. HEEK/—
JAHE I Type A<Type B TH - 720 Thid, FEH
FEHMOBE Z BHENHBHE LD ) L9 RET
HbHo L LA [%] 1FHEES (d=-9.0%) .

0.22
021

£ 020 }

Q

wvy
0.19 ~ -- -- SuitA

—s—suitp %

0‘18 1 1 1 1

10 11 12 13 14 15 16 17 18

Ulm/s]

34 37 41 44 47 50 54 58 61 x10° Re[-]

Figure 5. Results of aerodynamic measurements using a full-scale model of a skater
(L [Shoulder width] : 0.5 m , Height: 1.75 m)
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Table 3. Assumed speed (V' [m/s]), Taking into account the location and the physique of the players

Athlete's Physique

Ratio [%] 105 100* 95 90
L** [m] 0.53 0.50 0.48 0.45
Height [m] 1.84 1.75 1.66 1.58

V [m/s] V [m/s] V [m/s] V [m/s]

Heerenveen

o~ (0% 13.5 14.2 14.9 15.7
c ™
£ g
o Nagano
= 14.0 14.7 15.5 16.4
s O (342***)
S o Calgary
g w 15.2 16.0 16.8 17.8
o (1034%***)
—
Salt Lake City
15.9 16.7 17.6 18.6

(1423***)

* Ratio 100% means the same size of a full-scale model of a skater.
** [, is shoulder width.
*** Joe rink elevations(h) were taken from Timmer'?.

Table 4. Averaged speed (V7 [m/s]) of the top 8 skaters in each discipline at the ISU World Championships in
Heerenveen in February 2021

vV [m/s]
Mean SD
Male ~ 500m 16.0 = 0.1
1000m 153 = 06
1500m 148 = 0.6
5000m 135 = 03
10000m 130 = 0.3
Female 500m 147 £ 0.1
1000m 140 = 0.6
1500m 134 = 07
3000m 127 = 05
5000m 121 = 03
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Table 5. Criteria for the use of “A” and “B” in different disciplines for aerodynamic considerations in Heerenveen

Athlete's Physique

Ratio [%] 105 100* 95 90
L** [m] 0.53 0.50 0.48 0.45
Height [m] 1.84 1.75 1.66 1.58
Male 500 m B B B B
1000 m B B B A
1500 m B B A A
5000 m A A A A
10000 m A A A A
Female 500 m B B A A
1000 m B A A A
1500 m A A A A
3000 m A A A A
5000 m A A A A

A is expected to reduce drag by using Suit A rather than Suit B.
B is expected to reduce drag by using Suit B rather than Suit A.

* Ratio 100% is a full-scale model of a skater.

** [ is shoulder width.
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