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The aerodynamics of moving 3D skater models is numerically studied by the cumulant-collision LBM
using Adaptive Mesh Refinement method. We focus on the team pursuit of speed skating with 3 skaters.
The second and third skaters are subject to the wake of the forward skaters. It is found that the drag force

of the second skater is 40% smaller than that of the first, and there is not large difference between the
second and third. It is confirmed that the distance between skaters is important.

Key Words : Lattice Boltzman method, Immersed-boundary method, Karman vortex, Pressure coefficient,

© —MHHEABAGEIZS

Drag force, Speed skating

1. #%8

PeD LNTHEREE ENET RS BEITE DN EH D A
A= (B EHit, BiH, A — KA — ML) T,
AREHETHBET S0, BiFNLOERIC L DB
W BB DI DN ELELET S, TRLHD L)
RAR=Y T, BETE ACYIEOER HIZE D £+
X, ZTPNENSILTDHEVIERPZHEIND. Z
OHGIY, RHETBEHTIMERORIS CEKEM L O
7247, MMEROB IR CREN TN 0 BRI TN 5
72, AV T A=A EMEINLM XY v TR K
—AFAR—V T TR, LVEERE—F — AR —
VIRETHRICREEREIEL, Bk ELATH L
LD, ZOX D, BikICER ) EETBEIT 2k L
WMALDY I 2 b—ra U iU, BB oEis
FOT 2R RNHICER Y, AR —Y Oegkm EoMRE
DB WELBL O BTN,

B TOBHELELTHAR—Y, FHIAE— K2R
r— N TRV Z R TR ML E L, B ofifir<e
FEBRAHE AT TWBRI LinL 2 b O3
BTNV EXRITITON, F7FhE DN HEMIEETOER
R BN TV, DAy — 2 —ORERFIET V% H
WG S 2 L— 3 T, BEL EMEoRIESe
BN ARG D T2 OB W TRGE O BR 2 &,
ZOHFEOEMS R EOHATINE TE LI TONRT
ot

AHF5E C 3 Direct-forcingHll 1A Z 55 UL 1R L
v EERAWT, BEARRIZICIWA TIEET HAE—
KRR — NIk L, A7 —% —OREB N2 % 2 & 24

T HERIIIRET V& ISR T L, A r—
HZ—DEE LEBOWKEOMEEREZWH LTS 2
EEBMET D, HEFRICIILBM Y L S—% 9 5.
WRLIE R IO F 2851 T, 125 TR
% #1< 4% Adaptive Mesh Refinement (AMR) 5738 A &
MTWBEL 2RISR Y, AR R RS B A BRI
FEIRIE G T2 ED DL ENTE, EAE V1D
ERNRICEHREZITHI Z LN TE S,

2. FEFE

(1) Adaptive Mesh Refinementj%

80 UV T AR AR B S B AR SEIR I IR RIS T H Y,
FHE IR U TR E DR 2 HI D M THEEREIT
FEEHTHD. AMRIEZEAT2Z LIk, FHHE X
T UNEDTER S, FHREN BN S,

AFaTIE, RUIRT LD BRAEET LT Y ZAIZHED
AMRIEZAEMT 5. TR E 12, 1/4, 1/8, - & Fm#Y
WHEIT 22 LY, [EEORITZEMIEE Ot
BEEZED Y TEH., WERHENIMTOILLDIIREDY —
7 LRI DR C, SRILOBAITIFL oD Y — 7 iTxt
GBS END 8O0 Y — T NEKEND
INGIKROT —Z gD, T2, BEEDOGPUTRIR L
SEHEEAT S 70w, ZEMFEM#R 2 W CEHR R Z 1R
FTXEMIC~ Yy B 7 L, KGPUTHET S Y — 7R
FREEZ 70D X5 a2 U4 5 2 & T, 3RSTIIZETESE
WA EIL TN D.

- D-08-03 -



© —MHHEABAGEIZS

D-08-03

Fig. 1 Computational domain with implementation of tree-

based AMR method.
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Table 1 Physical quantities of a speed skater.

Height (when skating) 1.2m
Speed 14.0 m/s
Pitch 1.5556 steps/s
Stride 9.0 m
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Fig.3 Time history of the drag coefficient (C,) for single
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Time series of the pressure distribution on the rear
surfaces of the first and second person.
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Fig. 6 Time history of the drag coefficient (C,) for two
skaters.

X4 Lo, Ar—F2—KEOENZ, Bk, KBE, 472
ERIFIINLE L TW AT E WIEI R 0005 Z & D3
TE, 2 ABZPDDENT 1T ABXEY H/hEL
BRoTWE I ENSND.

AR OMIKO I A0 TR TEKEH Lo
TORIEN TR TERY, TOLAT TEKIDOMMMBREEL,
JA Y OEZMIER E BRI T R E AT XoT,
2 NHOWEZIZ 1 ABDOW|EZTOEBLAIZNDTZD, 1
NBBFTOBRROEELZ T TENMEL RoTnD &
Ezohb.

LT, MeL VW HIREERD &, 2 N B OFL/1MREIX
INBOPFIBEE L VIELS o TWBZ EBXSN5. LA

F28METETHHEERR

H, 2ABDC,I3Zn2h0.756, 0.501TH Y 2/31E L/ &
{TgoTNDHZ RGN, Fi, 2AD A —H—Dff
MIZFE T ThH 2720, HLIREO Y —27 O HIZIEH
CE7ZzoTW5.

2ANICRY, BEWEFEDOZ T 2PN EL 25 &
Boyhrofe. WL, A7 —2—DHROMHE LS5
2T, HERRICED LS RBEMBEL DT S,
Pt & A — 2 —HRE 2 STz & X OHIREDE
WA ZNENKTIZRT.

1.1

T
First Cd
Second Cd

1

09

08

07

Cd

06 -

05

0af

03

02

0 0‘5 ; 1‘5 2I 2!5 i; 35
Time [s]

(a) The phase of the second person is 1/4 cycle behind

the first, and the distance between the two 1s 1.3 m.
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(b) The first and second person are in the same phase,
spacing 5.0 m.

Fig. 7 Comparison of drag coefficients for varying skater

phase and spacing.
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Fig. 9 Pressure coefficient in front of skater when skater

spacing is 1.3 m.
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Fig. 10  Comparison of drag coefficients for varying skater

distance.
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Fig.8 The vortex structure when three skaters are skating at 14.0 m/s.
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