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A Study on Wing Sections for the Switch-Back Motion of Very Large Mobile Offshore Structure

by Ken Takagi, Member

Yuichiro Yoshitake, Student Member

Summary

A concept of sailing type Very Large Mobile Offshore Structure for the wind-power generation, which is abbreviated to VLMOS,
is presently being studied in Japan. VLMOS keeps its position with the switch-back motion in which strut wings play an important
roll to counter the drag force acting on wind turbines. The sectional shape of the strut wing should be symmetrical in cord direction
and should have sharp edges at both ends because of the switch-back motion with which VLMOS advance against the wind. We
mainly focus on the flow separation around the strut wing in this paper, since the flow separation is key-information for conceptual
design of the strut wing. Three types of strut wing are tested to know the effect of wing thickness on the flow separation around the
strut wing. Measurements of the lift and drag forces have been carried out as well as the flow visualization. In addition, the effect of
a turbulent stimulator on the measured results is investigated to know the performance of full scale strut wing. From these results we
find that thick wing brings large flow separation occurring at the rear of the wing, and it is not suitable for the strut wing of VLMOS.
A relatively thin wing section whose flow separation is negligibly small is recommended from results of the measurement without
turbulent stimulator. The measurement with turbulent stimulator confirms that this wing section has enough performance for the full

scale strut wing of VLMOS.
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Fig.1 Schematic view of VLMOS drawn by

National Institute for Environmental Studies.
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Fig.2 Trajectory of the switchback motion
of the floating wind power plant by Tanaka etal® .
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Fig.3 Models of strut for the measurement

of the lift and the drag.
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Fig.5 Pictures of the flow around the strut.

3.4 BA- AR
BRI & HUOMRB O FHIRE RIE, &30k O 1B L
TWNAHDT, 2 ZTIEHE A ORI OV T DA Fig.6 12



30 H A T

R, BIIEREOMEIT, BIE ORER A 2 KR U720 5

KHTED, RATRIND,
_ l 2 v BOFERE (3.4.1)
< _L/[zpv Sj S: BiFAK
BRI 638 V) 0 BAMTHEE (2O TAT o 7o, iR 1T S 0

DY I ab—va U fERES LICT 00— FEBRRIGT S
K@D, 70— REOHEIPHIL 0.09~032 TH D | FEFED
2.3~7.5 knt (ZxHET 5, KR OMGRIT, B 3w mEE s
fRE LT OB L R/ U7 AT b ORI OV T I
FmE O TRIEHFE 21T R o iR Th D, RS T — 4

Fig.6 Lift coefficient of Strut A.

RALORE RN D, B A [TEFOED L 5 I IREN
NP LN 2 ERTRENDD, ZOKTH
ETNBHLNTH D, —J7. B C IEIRRIITIEZ D D)
DEHISN D2, W@ERFOR D SIRER CEAELNT
BV, B CRERECEIHORTHIE, iRl y VEFF
OHIEIFETH e L TORBEARI-T 2 L mhoT,
TR DV T B AR ORE RS S AT,

4. BAYORNORIEHE

AR K 51 RIEE TR EZRHEEZ LS TN D H 2 &

Gty LnL, Z QWP A iR L <. EREo3m
ARG DBRICH A2 BRI 2 fET e 1T i%%ﬁ#oto
Flo. EEREORGTIIZ L ORE ﬁﬁﬁ@@ﬁ@¢ﬁ . PER
DS DA BT 63 BT Z LIS ER AT
LDFITIEV e, 2T, BEEEIC L o T, FEBRTH
DINTHM ZHEE CTE RN ERARED Z LT LTz,
BAEFHFEE LCE, CED Ik »TiTazid, 8% 56<
FEOBEWENEFLNE THA 0, ZEFOBRNDIE, K
FENL DL TH RSN < T2 < &b PERE
PR CE A LONRLEE LV, £ 2T, MERMOBERE
WCHESCHEZTRY Z iUz, W7 a s o Ad, W
A8 BA—L =Y ETHRIZAR LTS b0 % v,
4.1 HEHR

Fig.7 12, HBEHIEENE Z » TV 5 AT, Ml

INEA i g
o 2007 46 H
1
x/c 777777”%:\':::'"":>%>< |
- | —& sectionA.
: — — = sectionB | |
A -
:\‘\ ~ - sectionC
: . ~ —< sectionD [ |
) \\
06 7 \\\\\
0.5
0 2 4 6 8 10 12 a(deg) 14

Fig.7 Separation points estimated by
Yamaguchi’s code. (Rn= 1.5 X 10°)

L —&— sectionA

~#- sectionB

>

—&— sectionC

—><- sectionD

10 15

o(deg.)

Fig.8 Lift coefficient estimated by
Yamaguchi’s code.( Rn= 1.5 X 10°)

.
0
o
Le
.
o

4.0 + upper surface

= Jlower surface

6.0
80
-10.0
Fig.9 Pressure distribution of Strut C
by Yamaguchi’s code. ( Rn= 1.5 X 10°)
2.0
Cp

lﬁ" '™
00 [ — " Smnaaasssiosssssiossssyyppsypsneed

PRSI S

0 0;2....”(14"’”06 08 e L

20 ¢

4.0 + upper surface

= Jower surface

-6.0

Fig.10  Pressure distribution of Strut D
by Yamaguchi’s code. ( Rn=1.5X10°)

o TERTIESNTEY., xc=l DEANERE —ET 5,
HWHEE A~D 12OV T, BRERFRELELTHRD L,
FHRBRIIEOEMERS KL TND ENZ D,

Fig.8 (I3 B iRHcA 7", 3B BRAOEH IR 572
EOFEM 7 —BUIERR Ch 508 RO KR & S DIEFEFIC
BAL CIEERTHEOLNENEZER L TN D, 246 DRI
L0, ZOFEFEI, MR RESL Z LITEHTHD



BRI E AW EEREE ) DAL T /Ry 7 — a0 U7 W 2B 9 AR 31

W BRI OWRTE B Tz - TEE R EERME R % 15 5 12T+
REEETHD Z LR TE,

Fig.9,10 {23 C & 3 D OB K w1 541 OF HMAERZ R~ T
(a=8[deg.]). RN R-7-3 C 1L, # D ITHAFIFR T T
KERATENELT T D REOFRIAITIL . Z OAJENEIE
T O THEENEL Z o728 LTHZOMBIT/NENnEH
2B,

B A TG OEWREHIC L > TAEL D HET T
—MkD7=, =y Dy E D LD THEAZIT /> T-D T,
TDORENNS N EEMERT D20 CRIDED T v VU
U2 R=2mm O JLx % DT T AR DWW T EER AT - THhT,
FOFER. Kol v UEFOR C Lk LT SRk,
PUMREERITIZ L A EER RN LRS- T-, LT3 - T,
FEETIETAEORMBEREMS AR LT =y U (5
FEHUE T R=100mm) ZHONTH, AKOROMERARRFT
hHEZXLND,

5. ELFE{RHE

R O FERAE FIL AT LA VB 5X10°~1.5X10°
DOFPATH Y | REHE TR DELFI~ & BT DM 70
BERITR LT D, & 2T, E & RO ELITR R 2 A5
L2 OELMRIE A 1T I2 o725 2 T, ) - B OFH KDY
AL FEBR AT BB OFEGR A LA/ )V AR S
W kAT,

5.1 Fhorfik

BRIAY OWND LA NV ABEE L SRR X D
DEAZ RS 2 720 | BRI TR O AL 21T 78 -
7o BERRISERITIKYE LTIREE T, i A 3K RS RE 7 |2
LT %, 32 fii & FEERIC, 3 LIZIFR RO EoRh
Wk L, Bm-PHE I OB T & A ERR WA R LEE Y
O ZRITHTRIN A B Lz, 728, %O WBIERN D
FEEALIALIEIZ D Y | AU BT S 2 TV7R,

ZALDHEGR LT, BB JE Y Ot ok T+2—fil L L

(b) Rn=8.6 X 10*

(a) Rn=2.9x 10"

(¢) Rn=2.9 X 10* (with turbulent stimulator)

Fig.11 Pictures of the flow around the strut B (a=0[deg.]).

T Fig. 11 12739 (0=0[deg.]), SLIRIEHEIL R Y v B 7D A
YA HW T TR 570, VA P —WimOEAIL 1.2mm T,
IO AHTALEIZ, WTIOR S LR SO 10%0E & 30%
P& Ulz, BLTeE % Uizt BB O RIEE S0 k4
% &S SLIREE SR OREN L O D o FLTEE A2 L 72
BTH. LA V2D EOIRTED) TIERRIBESIZ LA /v
REHMR VIR (2) £ 0 RRHIBL TR Y . WAL ELIRICE
BLOOHDHZ LMD,

5.2 #&A-HmhoFEl

B, #C, ®DIZHOWTELWMEEE L= 2T, B
DFHNEIT R 5T,

5.2.1 BABRI~OEE

Fig.121Z, Zhzhnoi EifeE L - Hv) o8io
HiR8 273, 3 B ICHOWTIE, SLRIREEIT R - 254
DOEFRFNO ST LZE L T A0 B EEZ LT
Lt EFERIC, RERFBEEROFENEZ 5, — 5, & C
TIVELRREE R 92 Z LI K 0 il B RIERSIDG 5T
BYO EEAT— L TIIRBEROZEL LR LR TH X0
NN D, B DIICoOWTIE, ALieEHY - AL TE
FEEBIT R oo Tz,

300 300
[ef] [ef]
200 200

~Rn=4.3E+4
I - Rn=8.6E+4
100 - Rn=8.6E+4 100 1

B I N

0 L 0 — \
0 5 t(sec) 10 0 5 t(sec) 10
(a) Strut B (b) Strut B (turbulent stimulator)
300 300
[ef] P [ef]
~Rn=75E+ ~Rn=75E+4
200 ~Rn=1.5E+5 200 ~Rn=1.5E+5
100 boooo | 100 F
0 ‘ 0
0 5 t(sec) 10 0 5 t(sec) 10
(c) Strut C (d) Strut C (turbulent stimulator)
300 300
(&f] ~Rn=7.5E+4 L&f) ~Rn=75E+4
200 - Rn=1.5E+5 200 ~Rn=15E+5
100 100
0 5 t(sec) 10 0 5 t(sec) 10
(e) Strut D (f) Strut D (turbulent stimulator)

Fig.12 Time histories of the measured lift force
with and without the turbulent stimulator (0=8.0[deg.]).

5.2.2 BHRYE

Fig.13~15 {2, /DX %773, 3 B IOV TEELHT
EEZAT>Th, HEEZ L DMORETIRE < @HOED
L OB EAIZIE L,
—Ji. RCIZonTid, WRRETHLHED L0 LT
FREDS/ NSV AT L TR D 3 L LT oM
EREZLTVWDENVZD,



\
32 H AR 5
08 -
—— Rn=2.9E+4 Cy o7 .
— = Rn=4.3E+4 -6 =
—+ Rn=5.8E+4 s
| - Rn=72E+4 | g4 ad
= Rn=8.6E+4 L7 —
| e Rn=10BsS | - e
--CAL. ’ &
-10
0.4
Fig.13  Lift coefficient of Strut B
(with turbulent stimulator).
0.8
—~-Rn=5.0E+4 | C_
— = Rn=75E+4 —66
—+ Rn=1.0E+5
— —Rn=1.2E+5 04
= Rn=1.5E+5
L] = Rn=17E+5 |__g»
- - CAL =
-10 M 5 10 g(deg) 15
02
0.4
Fig.14 Lift coefficient of Strut C
(with turbulent stimulator).
0.8
—+Rn=5.0E+4 | Cu
— -= Rn=7.5E+4 [—6:6
—+ Rn=1.0E+5
 ——Rn=1.2E+5 04
= Rn=1.5E+5
| = Rn=1.7E+5 o2
-—CAL. =
‘ 06 ‘
-10 / 5 10 o(deg) 15
02
0.4
Fig.15 Lift coefficient of Strut D
(with turbulent stimulator).
0.25
«+Rn=29E+ |
D
= Rn=43E+4 | ...
™ UZU
- Rn=5.8E+4
~ Rn=7.2E+4
7| = Rn=8.6E+4
- Rn=1.0E+5
—
660
-10 -5 5 10 o(deg) 15
0.0
Fig.16 Drag coefficient of Strut B
(with turbulent stimulator).
0.25
+Rn=5.0E+4 | Cp
—{ = Rn=7.5E+4 H
-+ Rn=1.0E+5
L = Rn=12E+5 | g4s
= Rn=1.5E+5
| e Ro=LTEHS | g4
6:00
-10 -5 5 10 g(deg) 15

Fig.17 _wDJrag coefficient of Strut C

(with turbulent stimulator).

M H b5 2007 6 H

0
«+Rn=5.0E+4 | Cp
| = Rn=7.5E+4 6-
-+ Rn=1.0E+5
- Rn=12E+5
= Rn=1.5E+5
= Rn=1.7E+5

a(deg.) 15

Fig.18 _ Drag coefficient of Strut D

(with turbulent stimulator).

5.2.3 JAGRH

Fig. 16~ 18 ICHL MR DK % 1”3, B B IZ DWW Tk, #A
HIZBAET DO I GBEOR D X5 1THH D 3Rk
WHBI L CTHIIN L2V, B C EE D ICO W THIREFR U
Lo TnD,

5.2.4 BARBOBBAERETE
FETIEIA RN T v PEAKAZHEBL TWVWDHDOT, ¥ C &
B DIZHOWT, BHRERHEZELM, Fig19,20 (2, i
ZFNORIZHOWT, #ilihz 71— R L L, 1574850 4
THRLZME (CYo) Z27my hLizbD&RT, BORTHER
}5753%7}%%&0)1 WCHELTWDLZ LN n05, £72. HHE
RMPEBIIE C OFNBEETH D, Zhid, BAifgOKRKx
TRBEERSY DK NTET e DM, F DFELEN 7 )V— R
FoTEMTD2ZENEHELTWND EEXDBND,

0.04
Ci/a(deg.) O 8deg
0.03 @ 12deg [—
v A 2 16deg
0.02 - = & s 4 2
o
0.01
0
0 0.1 0.2 03 Fn 04
Fig.19 Lift coefficient of Strut C
versus Froude number.
0.04
C/a(deg.
o(deg.) o 8deg
0.03 ) + 12deg
3 s 2 A
5 ; g & é a 2 16deg
0.02 -
0.01 -
0
0 0.1 0.2 03 Fn 04

Fig.20 Lift coefficient of Strut D

versus Froude number.



R B AHFERE N DA F 3y 7T —a Al LR

6. #%

KRB RMEREED DAL v F Ny 7 E—va v

i U7 ATtE R FRRIZ DWW TR ERR 2 1T 78 o 7o, Z ORER,
LNTfma L TICE LD D,

(1) EEEIZHB T 2RO FFED TR T 5
IZOWTKRENCTIED DI T L ENTEI,

(2) AIEXITRETH ., BEIICKE 2HEER L2 VR E
ot o ThHIUL EE L TOMRE =T Z LR gholz,
T, EOREOREL 5 BV D)7 & O I e 5F
HTHoNnbsZEbamol,

(3) Ttk & mIAR O ELFTIR BB A B3 5 7o o0 O ELF e %

T720, ZRBEG IR RIF TR Z R Uiz, £/, fiLik
REZ AT 72 > TN WS & REZREWV NN D & AR

L7z,

4) AIEXITHETYH, BHRE
o b o THIVUL, ELTTRELIC
LAER NIRRT,

(5) (N~ @) DFEFRDN D EC®Aﬁ21%:%Lt$:V
T N THERINDOMRERER T DI LN 0ol 1272,

T BT RSO B DO PR AR AN DN TEFA R TV eV
T, ORI DT T 55N Eos
HiLd 5,

6) B C T LR L THARWVA, 2oL T
—RHY 7R BT AR D & D L ARIE S u%ﬁ%i&%#ﬁ%
BLiedZENaholc, Thbb, BiExHETHIRELL
DUNE LT, REB AR RBER tED W IEE 1T, — 22 o
PEREHEEIE N CTE D B2 b b, 2L, HiRmE
B DN TR 2N E D O T, B R OF BRI 58
SRBIET AT LA DA NT y NEOLAEITIEREN
WETH D,

(NN A L VAT E oY ANAY: A=)
BWTARIBEIZ A S IREh 23X

# #

AWFFEL Of) ESZEBREETZERT > & O FEI B & 52 1T THT
BRONTWET, AFRICEL, Z<OHERIERZHY
FLEMMELEZ I LD LTEIARTm Y= FD A N —
DERRICHEEZRLET,

2E XK

1) FESASE 5 BRI 3EE 2 R U 7ok SR RSB %8,

FELRAFEE T +—7 &, LML ETERT, 2004
2) KT, moARME, SFRM. EEE - B, /J\fr*ﬂﬁit
BRI, ST, RESASE . PNILEBGL, TTE

3)

5)

6)

7

8)

(2B HhF5E 33

B, PEHERL, MRS R BREAM O/ S W kT L

F—& LT@fPfLiE*'J/iL%E B, AT L

SR, %1, 2005, pp.43-53.

e, JFRE— (DEEE, BHREE. KA TR, mA

B, SFRAR VORRIERE, MASF5 R, TEHR R WILIBOLA,

T GASE « WLAET KBRS S E > A T b ORET,

Techno-Ocean'06/19th JASNAOE Ocean Engineering

Symposium, Kobe, 2006.

il 21X, Abbott, LH. and Doenhoff, A.E. Theory of Wing

Sections, Dover Pub. Inc, NY, 1959.

BlZE, B, BB AN, =44 : CFD

(2 & % A RIS BRI O R AT S O HERE, BE P i

EFSCEE. H 236 5, 2001, pp.137-143.

Takagi, K. and Yoshitake Y. :Symmetric Wing Sections for

the Switchback Motion of the Very Large Mobile Offshore

Structure, OCEANS '06 IEEE Asia Pacific, Singapore, 2006.
) [ESTEBEERIZEAT - SERR 17 ﬁ:f”ﬁéj:ﬂj?%ﬂ‘éfﬁ%:ﬂ

U 7R RS BT RIS T At R Wi . 2005.

Yamaguchi, H, “Prof. Yamaguchi’s Page,”

http://www.fluidlab.naoe.t.u-tokyo.ac.jp/%7Eyama/




