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Effect of postural change on characteristics of the fluid during early flight
phase in ski jumping
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In this study, we aimed to clarify the airflow characteristics of the early
flight phase of ski jumping. A 3D CG model of a ski jumper including skis were produced. The time
history of joint angles of the body from the approach to the early fight in actual ski jumping was
measured, and the CG amination was produced. The fluid characteristics around the jumper were
obtained by numerical fluid analysis. The relationship between flight distance and fluid
characteristics was investigated for 15 subjects. Based on the flight distance results, they were
divided into 3 groups (5 each) and compared. The differences in streamlines around the body and
lift-drag ratios were observed among the groups. It was observed that the better the flight

distance, the less the airflow separation around the head and the back, and the higher the lift-drag
ratio in the approach posture.

CFD



B X C—19, F—-19—-1, Z—19, CK—19 (@)

1. WFEBAES IO 5

AX—T X VT DONAF AT =7 AGHTCIE, —EHOBEMEZBIE, B, FIHIRIT, LER
17, BHMERB OGSO 6 RmicaEIND, 2095, BT +—~  ZADOREHy &k
ET 2 DIIRATRE CTh 50, RidELAITESZ KT 572 012id, BY~F-ARATICEIT 5
FENEETHD Z EIFEAMOERETH S, BEUIEEICRIT 5 =210 BrE, TR % i)z
SHETCHLELEASEDLZ L L] & THEHLIAIFY OAESEZESEIEDLZ L) L3NLD
(Schwameder, 2008), AWFFEIZBIE S 5 EATE CTlE, AF—V ¥y o 72t Lzt DT
I% Virmavirta et al. (2001, 2011)O#HE23H 5, # O IFEIFAEERSENTH R « BESIFICBT
% BKEIEER OO N A2, EONEOEENGELK I EHR L Tn5, LarL, ZOF
ETIREBEAITAE ) B OBGEFEZA ST 5 2 LT TER Y, FETEa v Ea—X
DEPERELIC L - T AR —VEMER S & L - RN I3 B R A f#br (LLF. CFD
Computer Fluid Dynamics) 232 < VBTV 5, FRABREHT R Al K 727Kk <0 B 5 BB
t, CFD 23 H S dv, BARERD OB EDO ST N T T 5,

2. MFHEDOE™W

ARFFETIL, AF— v T OMMAITRIEORGEEEZH SN TH 2 L2 HE L, %
T, QO HORN D72 DT L—LU—7 OREET 5. RIS, QFEEOY ¥ TEEDO T 4
MBgpELEIZ, 3L CG T=A—varzilfEL, MELLT7 L—2L0T =27 Z HO Tk
Mraito.

3. WIgED ik
D) —HOFATDT-OD T L— LT — 7 DRESR

CFD =W CTZEHRMRE L OO L2 EEbT 5720, RO 4 SDOEETREEZFITL
2o DFEV, 1) WIRITREORBEFHN (8 KTEMESHT), 2) AF—T ¥ T HAX
—WRORREBIRT —Z DEfE, 3) CG 7=A— a3 0fifE, 49 WHRITRmO CFD. %
B OFAITCIE, P 3 RotEESHTEEE = VT, EEOT ¥ =R, hL—=7
TIT 9 T A 7 F 7 HEEEh @ EEHI 21TV, BFIAECAF —ROAELZRDZ. Vv
THA—=YRA—T ), T—VEER LIEAFZF =V o —DRAIRT — % L 2% —Ty
THOAX—ROFR@MGIRT —F LA DLET, ZAF—T v 0 8—F%0D CG EFLZHWEL
2. 2O CG T MZEMEF NS EONT-MBEEAET —% (A4 7—fA) 2AHLT, 3K
gt CG 7=A—LarvxiEfEL UUTF
3RITET IV, K1), ABFZE Tl <5t
ot ORIk L, R B ES T
LIRS 2 L AARE L, BEiAED
2 WA ET — 4% (BIRAERY) %
AWT 3%t CG 7=A—> 3 (LLF,
2 WonkEAETT V) EHIEL, 3 Kot
BTN LR LT, BT A—2 1, JE
J153A5, FEsAm, ik, 22715 (577,
OB XOER) &L

X1 ST OGIES NI AT =T o N—
D3WTECGT =A== a

CFD OFEFIEICOWT, FEEMMRA ZBE Uiz ikt O & Navier-
Stokes FFREA & L7z, # TR OME TIL, B 1A EiFE (Building Cube Method, PAF,
BCM) & 7=, BB OFARMNT 21T 9 720, ABFZETIL, BEERATELZRD AT,
BEIBE AR T A EEFFE TR E LT, BEmOBERSLMI2IT Euler Tk & Lagrange 1)

FIEDIRKETH D Lagrangian-Eulerian

12m Interpolation % v 7=, FHEMEE A X 210R

I/ R 6.0mm & L 72 3 A E I
23.23 m/s 1T — L 7= BRI A% 2.0 X 10-5s,
fE BT e IE 0.51s & L= GHE Bt D
0.167s MIFFHA IR DO ZELD T2, LA
(L ZAT ORI o T2 HH IS IUN R A
DA—/N—a B a—4% TITO] #=HHW\i-.
KRBT T LT 4.16% 10725 OFFHIET 20
m fEFome A i, ZOMOERBIIHIK DT

TIVOEBNLHIEAMRE S 5.

8m
4m

B2 FHEEEE

Q) FEBEOV v o TEED T A MG & b LT LT RN



KEOY v VTEMEO BT AMUR Z FEIC, R LT 7 L — LT — 7 & O TR 2170,
TR & FRERREERGRE & OBENEIC DWW TR AT o 72, EV v S TOBYIEIED v 7 4k
I, BO/RY Y U THESG TITON B T, BREAAGSEHEI L. REHSM
HEFE 45 DO L, IEBERENENTZ BAT 5 £ L, TRUSORTFNDS T o AR &S
7210 £ DEF 15 X H a8 & Lz, 22 TlE, 2 WTEWESHT & B 4 B o i fif 4
R, 3T CG ETNMIAET —ZE AN LT3IRTET=A—var&HlfELZ. Lo
CFD ®7 L— AT — 7 % HWT, KN 21T 7=, REEEERGE DN & EALN S 5 AT
TN—r' 7 (FhFH LONG, MIDDLE, SHORT) L, 3 Z/L— 7Oyl bl L
7. 7ok, AN, BEEIEMET ORI K& < EBE KT T LB 2 b ARl (t-AOA;
trunk Angle Of Attack) (ZF H L7=. WiEFEE LT, Hhitk, BUES B L OVEERIC DWW T
TN—T7 T L7z,

4. WFFERR

D) —HOMFT DD DT L— LT — 7 DS

2 FHEOAET — X bENENE I LT RBAELT — Z 2OV TEARTIRENT L 72 fE R D
AT 9 AT, 3IRICET V&, 2IRICHEAEET AN EMITRERZ R~ X 3 123
PO Z R, 3 IRTCET L TIEY ¥ v/ 3—% BB D AT DS, 2 e AEET L
DZFIIZH LT, D ULEHATND Z ENBIEIN. 2L, 3RILET /AT, &Ko
MICZEMRH Y, BoTZBRN Y v o =B KRE S BIVAATE D, WP LA &5
ZHND LT, 2R EAEETT LTI, BiE Mmooz D2, Hnzi#s7-72
DI, FRDO B~ HNTEL ODMOKTEE R CiEE 728 > 7272012, HFE Y RS IMAl~
o FEhhot-i-bbtEZ NI,

); b

3 WREROMEL. £ 3WITET I, A 2R AEET IV

ZENFFED HEIZ DN T, Bt OREFE L Z K 4 1277, KF, 0.2s FTIEX3RILET
N OGHIC IR & 2R IRIE S BN 7223, R BARE CIIEHib 2 Mk 2 [ 3~ B[ <0 D
RO N LS ITWD Z ERbns. RIFETIE, TOFEELELT, Uy THOERD
AT THRLND 2 WITHEGND BRELEZHRT LI EHEEL, Uy =074 7 478

VEZ# BB RGN T T 572D
| D TU— AU =7 EHE L E
. o 7o, EORSMETHERT D0
2, BE—va ¥y 7y

(1A S A S SR i R

DF—2 % 2 WILIHFHICHE &
|| | URAEEBEOT—5 %
al -‘J". Al AEL, ThZhoT =405
ﬂ$$;waxmw¢wN TA I T7EE BB LE
P W SL e A U BB AR %
of ' 1 AT o 2. Z OFE R & iR AT,
JEF155A0, Wb, 225
o+ € & & € A4 A | <imlrros wEleo
3 ‘ . o L— AU — 7 O R

W S

Timels]

4 B ORERIZ. o 3IRICET L, R QTR AEET L

v

Q) FEBEOV v o TEED T A MG & b LT LT RN

3 71— (LONG, MIDDLE,SHORT) 2>\ T, &7 L—7 b 1 AEFLT, B
(/D) & iR (t-AOA) DEFRIZEL AKX 51TRT. 75 73 0.3 BLIKEOBH L OHER
X 87 N—7L Bl - TV DA, FHEBIAARE (time=0s) TR E 20 HE S 7. LONG (X
FREBABEOEHIN 1.5 ERERMETHY, 0.2 BFE TOHPIEL 1.5 I THERE L T



% MIDDLE [3E 5 BIGIE OB 1.0 TH Y, 0.2 BE TOHH L 1.0 2 L LONG
b/ hEnZ Enbid. —J, SHORT 1ZHEBMBE O 056 THY, kL LT
LU 1.0 2825 Z L3 o T RICEEIMAIZER T2 &, Repligs 20 iz
1hD 25 REB(ARAFIE Tl & B3 0 OB & EFRT DN ENEN TS . MIDDLE, LONG &

X B30 ORI 0.15 B THLHDIZK L, SHORT I3 X EA3 0 ORERAY 0.08 F & fill 2
TN—TL0 B nol=. oMb, BEEDZ A I T REWE SRR/ E L,

+AOAldeg)

tmels)

(a) LONG (91.0m)

8 8
tAOA(deg)

timels)

(b) MIDDLE(84.0m)

time{s]

() SHORT(68.5m)

FA I TR E EERREHUL R REL 25 LR SN D.

5 1R (t-AOA) & #pitk (/D) oOfREEZE. (a)-(@1XFh <2 LONG, MIDDLE,
SHORT O 7 NV—TF b OREFHE 1L DT 5 7 %51,

BT BRSO TR O O K& SOBLREIT O 2, #HEBHED 0.16s FEETO
aET§+B1TJE®m/F%T?E4[:ﬁ‘é X 6 123y 2/ R—DFHTAERT DO Wi & <. EX (LONG)
DOFHT TS ENI > TV DAY, (MIDDLE) O £K (LONG) 1 E5HEIC
BoTELT, AKX (SHORT) OFRFRIL T BETARE CHIBE L TV 55k ﬁbfﬂﬁmxk
L RVTED LRI HIEEL, %7'375§%L< KT LTHRAODKE L 2D LHIRREICKHY, 5
PLlb b /NS 2D . LR ¢, MNOFHEEDOE SRR E WIE E%Jr%fm,ﬂ;ﬁ@%mm%é <72
D, TREEBENELS 2D 2 ENRE R D.

506 ST OO, 25 Ao 0. 168 W5 C o AE 2 7l
Fh<E LONG (/£), MIDDLE (#), SHORT (#5) Z/Vv—7h5 DREH]

# 1 |2 LONG, MIDDLE, SHORT O{fepilfs O F-H)(WIHILEZRF L 0.30 s FF), (R
A OAIRE DN, B - FLho DN, hiEoHbitt %459, LONG & MIDDLE (25
W, LONG OF R HEOHIERKEND <‘:75>>b75 %.ZH 1X LONG OBl z2 ok L

ATHEEETH 5. LONG DR ZERN LTSaI3fA HEDO KX S MIDDLE kv $
INEL 72508, 0.30 s REfLTOREBRIAOKE ST MILLDE oy kEnwz e, Hihoh



FEIZ 3 r—R L BIFLAEERNR LMW &G, RIEBED =2 AT H RIS 10 fET
Y, AEEORES LT A 7 A T75%E TREROEREAAICHKT 2 EHER SN 5. £ 72, SHORT
OO HFEN LONG, MIDDLE & [h_TKR&EL, &RELTEY KRERHHEZIT T
722 BRI D.

UbXv, 7474 7RIOREEEZMIZTENEE LT, T4 74 7EpE CREAMA 10 &
FEEZMEEFL, T4 7 A 7RI LS %2 T ERRTRESEZT VAHTHDL EEZD.

#= 1 K7 NV—7 DK (t-AOA) & ZE DY

Group t-AOA(deg) | t-AOA(deg) | t-AOA O | H1L 11 @ | £ 11 @ | # #t
A BA AhiRE (BEEIRE) | E DR K | JItE VAL (L/D)
(BhAEEEY i (deg/s) | (N - t) (N - t)
LONG
(n=5) 11.86 39.09 90.80 18.10 16.36 0.90
M%I?:]%%E 9.23 35.26 86.79 18.46 15.08 0.77
SglggT 15.55 38.65 76.99 25.12 15.29 0.61
< 5| FH3CHER >

D Schwameder H. Biomechanics research in ski jumping, 1991-2006. Sports Biomech
2008;7:114-36.

@ Virmavirta M, Kiveka J, Komi P V. Take-off aerodynamics in ski jumping. J Biomech
2001;34:465-70.

@ Virmavirta M, Kivekis J, Komi P. Ski jumping takeoff in a wind tunnel with skis. J
Appl Biomech 2011;27:375-9.

5. ERRERWLE

CdERERm ) (R 8 14F)

D Keizo Yamamoto, Makoto Tsubokura, Keiji Onishi, Denis Vuillemin and Guanghao Wu,
Numerical simulation of airflow around a ski jumper during takeoff, Science and
Skiing VI, &#Hi&H ¥, Vol.6, 2015, 536-542.

@ Keizo Yamamoto, Relationship of Asymmetry between In-run Posture and Takeoff
Motion in Ski Jumping, ALFKZFALHFEEEAR— VWL % —4FEH,, BitdH Y, Vol.6,
2015, 1-6.

@ Yamamoto, Keizo Tsubokura, Makoto Ikeda, Jun Onishi, Keiji Baleriola, Sophie, Effect
of posture on the aerodynamic characteristics during take-off in ski jumping, Journal
of Biomechanics, & #Ht®H 1, Vol.49,2016,3688-3696.

@ Keizo Yamamoto, Yuki Ito, Fukashi Shinkaiya, Biomechanical role of joints of lower
limb during shock absorbing phase in race walking, AtFHARFATEA R — > FHFIEALE,
572 L, Vol.8,2017,1-6.

® WA=, AF—x CFIZET LR NT, NAF AT =0 A5, L,
Vol.21,2017,163-168.

® A=, R B, AX—U ¥ T ORESFNA T AT = AL FREE AR L,
Vol.42(3),2018,159-164.

@ VELER W UTRRME— RSP EMESE, IR W=, EE 2018 NT U LBy JATEFHIRE DA
T AU CEEAIBT DYy M A —OWEREOSHT, AEFIRFACTTEAEA RN —Y 58
T —EER, Euidh D, AR FACTEEE A R — Y iF5Et o Z —4EER, Vol.9,2019,1-6.

VTHMESE, ANRHRE, AWM=, EHE, SHELL, R, SRR RS, 7EEEE,
ITRME—BS, MR, GBS S, AR FACBIT AEPNE AR —Y T 2 Y — ME{bZ
T T 72068, AR FIGTEEEARN -V E ¥ —F@, &t/ L,
Vol.8,2018,75-80.

(K] GF 14 1)

@O Keizo Yamamoto, Makoto Tsubokura, Sophie Baleriola, Keiji Onishi, Unsteady
aerodynamics of a ski jumper during the takeoff motion, European College of Sport
Science([E[E¥:2), 2015.

@ UAE =, BFA k. Sophie Baleriola, KFEA, AF—T %7 « 74 7 7EEFD
Bi VRS OB VRIS, 5 26 A4 T AR — Y BIPHE 7 +— 7 A,2015.



®

6.

Keizo Yamamoto, Tadashi Takeda,Makoto Tsubokura, Sophie Baleriola, Keiji Onishi,
Contribution of body segments to aerodynamic forces during takeoff in ski jumping,
European College of Sport Science([EfE5243),2016.

Keizo Yamamoto, Makoto Tsubokura, Sophie Baleriola, Keiji Onishi, EFFECT OF
POSTURAL CHANGE ON THE AERODYNAMIC CHARACTERISTICS DURING
TAKEOFF IN SKI JUMPING, 34th International Conference on Biomechanics in
Sports(EFE743),2016.

Yuki Ito, Keizo Yamamoto, THE ROLE OF JOINTS OF LOWER LIMB DURING
SHOCK ABSORBING PHASE IN RACE WALKING, The 34th International
Conference on Biomechanics in Sports([E::42),2016.

Fukashi Shinkaiya and Keizo Yamamoto, THE EFFECT OF STANCE WIDTH AND
ANGLE ON THE ROTATIONAL RANGE OF MOTION OF PELVIS AND TRUNK,
The 34th International Conference on Biomechanics in Sports([EfE5%4),2016.

Keizo Yamamoto, Yuki Ito and Fukashi Shinkaiya, EFFECT OF FOOT ROTATION
ANGLE ON THE ROTATIONAL RANGE OF MOTION OF TRUNK AND PELVIS,
The 35th International Society of Biomechanics in Sports([E FE4),2017.

Fukashi Shinkaiya, Yuki Ito and Keizo Yamamoto, EFFECT OF FOOT ROTATION
ANGLE ON TRUNK ROTATIONAL STRENGTH AND PHYSICAL QUANTITY TO
ROTATE THE BODY, The 35th International Society of Biomechanics in Sports(|E
F43),2017.

WA = SA F A= ADPRD D RIZAF =T v T~ A — Ty = DR
IRRESI~, B 28 MIAFAR—YRF T +— 7 AL RV Y L)ARFRER), 2017.

ILIAE =, BFBARIR, SINLRFD A X 2 AT ¥ 7 VMR O (Bl FEEEN I RT3 2%, 5 28 7]
ABAR=YFFT +—T 5,2017.

PrHEMES AR =, SARTR—RR, FERRMERE. ERE R, B, RS, X7
ey oG ARE L v X MY =Yy P AT —B%, 5 28 MIAFEAR—VF
¥ 4 —7 5,2017.

Hiromasa Kajimoto, Shumpei Koyama, Bale Rahul, Jun Ikeda, Keizo Yamamoto and
Makoto Tsubokura, DEVELOPMENT OF AERODYNAMICS SIMULATION
FRAMEWORK FOR SKI-JUMPING,The 36th International Society of Biomechanics
in Sports([EFE4%4),2018.

HHEE S, S e, IUA =, DI Ly O — R A X — Ty o TEREIEMEIC RE T
5 25 [B| A AR A A R =7 A4 K4%,2018.

Takeda T, Yamamoto K, and Watanabe S, Research for the development of the sit ski
for the cross country ski events in PyeongChang 2018 Paralympic Winter Games, 4th
Asia-Pacific Conference on Coaching([HFE%5243),2018.

I ik

(DAFSE 3 03

WFZEHE R4 - PR Gk

1 —~ K4 : Tsubokura Makoto
Bl YoIE v R A iR NE vNE 2 17
R4 v AT MEEREE

W4« Hi%

WrE# S (8471) : 40313366

MR X ARFIRIE. IO EE EETICBWCET A LD TT, F0O7=b, FEnE
Fi-CHFTE RS DAFT NI DN TR, HOEFFEIZHE S O TIER L, ZOMEMREICET S
RSP EAL L, FEE AR S E T,



