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Study of Weather Adapted Duct (WAD)

by

Hideki KAWASHIMA, Kenichi KUME and Nobuaki SAKAMOTO

Abstract

National Maritime Research Institute (NMRI) has developed Weather Adapted Duct (WAD)V
which is a stern duct type energy-saving device. WAD consists of a propeller with special pitch
distributions and a front duct placed very close to the propeller. Small size 1is key feature of
WAD. The diameter of WAD at outlet is less than half diameter of the propeller. WAD is so small
that harmful cavitation hardly occurs. WAD improves self-propulsion factors of ship, and reduces
required power from 3% to 7%.

NMRI has also developed the design method of WAD. To investigate relation of duct
circumferential elements and self-propulsion factors, self-propulsion tests were carried out using a
tanker model with 1/3 partial duct. The results indicate upper region of WAD improves 1-t, and
right region improves 1-W and 7 r. In order to analyze the scale effect in hydrodynamic
characteristics and self-propulsion factors, viscous CFD simulations are carried out using bulk
carrier with/without WAD using in-house CFD solver “SURF?” with overset grid assembler
“UPGRID®” in model and full scales.

Cavitation tests were performed in order to clarify the influence of WAD on the pressure
fluctuation induced by the propeller cavitation. The results show that WAD has little effects on
the cavitation and reduces the level of pressure fluctuation in the case of high-loading conditions
of propeller instead.

At the moment, 21 ships are planned to build with WAD.
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Principal Dimension MODEL |ACTUAL

Length Between Perpendiculars m 7.63 222

Length on Designed Load Water Line m 7.73 225

Bredth m 1.11 32.26
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Chord Length at 0.7R _ [[m] 0.0696
Number of Blades 4 4 —
Turning Direction Right Hand | Right Hand —
Shaft C.L. Height m) 0.1203 3.500 29.1
Position from A.P. m 0.1203 3.500 29.1
Position from C.L. m) 0.0 0.0 —

WAD

Wing Section NMRI

Diameter of Duct Outlet |Ddo/Dp 0.45

Length of Duct Ld/Dp 0.375

Duct Open Angle a(degree) 11

AR BB T 2B AR R R KA (400m k)
THEM L. WAD fE L 0 HIiER., WAD A Y Ok
Pk, WAD & L o B, WAD A9 @ B il
AR 2 JE U7 RUBRIR B I E T IR EE TR B,

PRI O 2 X —7 (2R, PR
REET 5 L. AMROEEIL. WAD Of 4
WX DRI OEWVWA R 5, WAD 59 08
BAOERPBREN/NEL 2o TWND,

BB R D> WAD A2 X 5 HMEHED
A& e Uje, B MR 2 7 2 B OB .
WAD E L 0BG R L2 > A L. WAD A
D OIPURER AL T AL D 56 O il O &2 4T
Stz fRITEOE I E D HEAREADFE 1t TR e
LHRER L e ode, ZhuX, HENOEAFEEZHET S
B o AR IE OB A, WAD AV OFEEN D
HEET D E/NEL D720, Bt EHE DR
WINSLK 206 THDH, WAD OF#EIZ K D H

MEZOE %X —8 12777, WAD L oK%
FEME L U BAT 0% HEJIEA I, WAD @
HEIZEDVIZEAETL LAV, iR 1-W &
Wi 7o TR g r Y WAD ORI RICE VK
FBLTWD I ENHS,

Mark Energy Saving Device
—©— ---- without WAD
—®— —— with WAD

5.00

4.90

4.80

4.70

4.60

4.50

4.40 A
430 .\\

410 e - 4 e

400 |

cI'M

3.90

3.80

3.70

3.60

3.5{) i i I
007 008 009 0.10 011 012 0.13 0.14 0.15 0.16 0.17 0.18
Fr

H—7 WD DEEICILIEERFEHROEL

= . s L Bk
(FHE B R
Mark Resistance Self-Propulsion
- wihtout WAD without WAD
—a— with WAD with WAD
ces without WAD with WAD
110
1.05
o
s 100
0.95
0.90
0135 0140 0145 0150 0155 0160 0165 0170
0.90
0.85
- ® » . - - |
~ 080
0.75
0.70
0.135 0.140 0.145 0.150 0.155 0.160 0.165 0170
0.60
0.55 .
=
7 0.50 = 2
-
0.45
0.40
0.135 0.140 0.145 0.150 0.155 0.160 0.165 0.170

Fr

M-8 WAD FEEICLH2BEMERNDEL
(Bt B i &K R



T L Bl 22 T E T s

B HHEE X, WAD A0 Pkl & WAD A9
OHEMRBREH DA L. WAD L O
e WAD A0 o HEfis A H W25 60 2 o
FUETHEM LTz, AKAIZIT WAD A Y oI
Bk R & WAD 9 o BB R 2 HNTED
HWEEZTHZERNET LWV EEZONDD, L
B> WAD O R allirss, K2 iz L v |
WAD A Y OB % Eii T 2 WIGA I,
WAD L o HiaBfE R & WAD A9 @ Bt
B R A S T AT O MERH D, TO®D
2D FEE T HZ & & L=, WAD &L
O PP R & H ) A ENTE TIL. WAD o
TaXT k- IROHEER & & 2 WAD £ @ P.O.C.
(Propeller open characteristics)& V25 Z & %
B2 LD H, WAD B RO §iR T W REPE 23 b
AAIZK L TETH DD, AAE L2 D
=T ur—F -—HKBEOEEI»PLHELND
WAD f}® P.O.C.2%, fRriziZI 1T D 1FEREE & 40
MREDEDEBZZLND I LG, BEOT 1
NTHEMTO PO.CEHWDZ L E LT,

Ei o EHP &, IRPIEBRAER» 5 3 koo
ETHEMB UL, BMEBEROMITICB W T,
WAD M HENIGE O R E EREIL, RIGETF v —
FrbRD BN DMEIC 095 2R ET-HDE N
7. WAD 19 OEMOLERHE 1-Ws X, WAD
KD EWRIAG O 2N RERE L < T3, EMIC
BOWTHERMERASEEE X, LTFORXIIHE-> T
KT,

1-W, =g, x(1=W,y)— Aw (3.1)
e=0-wy)l-w,) (3.2)
Aw=(1-W,o)-(L1-W,) (3.3)

W, : WAD # LR O F1 Fi 4% K

W, : WAD A7 1 K78 O FE AR K

Aw : WAD |2 L 2 FEifR e~ 2

¢ o : WAD #E L IRHE T o HEIRAE IEFR 5K

2FEDMENT FIEIC L D NHEMEEZK—9 12,

RELE ST BT D WAD O H|Z X B EMPERED
At & F —2 12T, WAD AV OIERPIEBRAE R 2
FOCTHENT L7255 6013 6%, WAD 2 o HU BB
BTN L5 A1 5%0 8 8 &2
bDEHESI NI,

B4k H2m KD (k26 F5E) i 23

Mark Resistance  Self-Propulsion
—_ withoutWAD withoufWAD
_— with WAD  with WAD
_ withoutWAD with WAD
13,000 104 - 150 _
b
12,500 1.02 4 140 2
12,000 100 | 130 7
11,500 098 -+ 120
11.000 + /% { 096 110
10,500 4 / t 094 4 100
10,000 + 092 + 90
9.500 + / 0.90 -+ 80
9,000 / 088 + 70
— 8500 0.86 + 60
E
Z
= 8,000 084 + 50
s
2 7500 082 + 40
7.000 + f 080 + 30
6.500 + f 078 + 20
6.000 + 0.76 + 10
5,500 + £ 074 +0
T
T
5,000 072 + -10
4,500 et 0.70 + -20
—
4,000 T4 068 + -30
=
3,500 51066 + -40
3,000 : : : 0.64 L -50
125 130 135 140 145 150 155 160
Vi [knot]

B—9 WADBEERICLAHFHBENDEIL
(FtEmEIREE)

K—2 REENIZHETHWAD OFEICKDEM

PRED T 1L
Condition Designed Full
Vs(knot) 14.2
Rudder Mariner
Resistance |without WAD| with WAD [without WAD|
Energy Saving Device - - " -
Self-Propulsion |without WAD| with WAD with WAD
Fr 0.156
EHP(kW) 5,419 5,299 5,419
nR 0.985 0.999 0.999
1t 0.824 0.814 0.825
1-Wr 0.542 0.497 0.497
(1-Wy) / (1-Wr) 1.117 1.129 1.129
1-Ws 0.605 0.561 0.561
nH 1.362 1.45 1.471
nos 0.516 0.497 0.496
n 0.692 0.72 0.728
nr 1/1.03
BHP(kW) 7,911 7,434 7,514
N®RPM) 113.4 110.5 110.9
BHP with WAD / BHP without WAD 1 0.94 0.95

JIEXBHEHICHITHWDDEI IR

FUHIH TD WAD OB =2 REMET D720
TI7Iw I AR — DR VT, R
WX VAR T LR EE R L AN &2 &
B L7z D, BRBRICH WA &R e X T o
HHAEZFR-3 12, TaXTEEEHE—E T, MHEz
BAL S H - AMRBROERE X —10 (2R 7, il
BT L7 a<T M EENmVIRE T, @ ok
BIZHRT, B2 RPN EEDL LR H D,

(93)



24

x®—-3 HEAEEMSLIUVERITIORSOER
Afra_Max Tanker
Scale 1/47.1
Principal Dimension MODEL |ACTUAL
Length Between Perpendiculars m 4.86] 229
Bredth m 0.89 42
Draft (Design) m 0.259 12.19
PROPELLER MODEL ACTUAL |ACTUAL/MODEL
Diameter [m] 0.149 7.000 47.1
Pitch Ratio 0.670 0.670 1
Boss Ratio 0.159 0.159 1
Expanded Area Ratio 0.450 0.450 1
Number of Blades 4 4 —
Turning Direction Right Hand [ Right Hand —
11
HEEN .
105 - A
#6% M £ | \
* \ /
. up
0.95 .
- ]
£ 0.9
f=y
-, n
0.85
#98%h=FEMm L = without Duct
0.8 .
+ with Duct
0.75
0.7
0.7 0.8 0.9 1 11
V'm/Vm
—10 FRPOMEETE WAD DR

4. WAD 55tk

4.1 WAD 5 5 5% 5t 3%

WAD D %h 31170 5% 3t & Al dEIC T 2 72, WAD
DGR FHEER R LT,

ANZ WAD D%/ T A — & Z Ao TR
A ATV, AlE EREE VR T S, 3 BT
B 2B AR Lz 82BC BN AL T o I E 0 1
A A X — 11 1R,

16000
—Aft profile

— Duct end limit

14000 —SCH
—DCH
—80sS

~——Zinner(U)

Zouter(U)

—Zinner{t)

Zouter(L)

12000
N
8000
6000

4000

2000

T

2000 4000 6000 8000 10000 12000 14000

B—11 M 5REETO WA MERE

o
-4000  —2000 0

XEH L7z WAD O RLE N A RIE RV 2 &

(94)

ZHERLEZ%., BEORBRE R 22 %1C., WAD
DESLd, &M a, OO Ddo 2A#EY) TH
LRt 5, BEORBRERNSIT, R&E2E
<L, B&EAzREL, HHoo&Rz/hs<T5
EHERROWEDENRES LS RPN H DL L
Do TWD, FIEMEOSELMBEIFELD
WEIZIE, EOMERHDLZ L H->TWND,

— 5. HEDWAD R EREE L RN
ET D LWEBRNEATIZEHAN DD, 2D,
A L7 WAD OH#E D RN &0 X5 il im %
HONERTHILELRH D, £ 2T WAD & LR
e T CFD (RRpit CldiEEmF TB% L7~ CFD
22— N NEPTUNE® Z{EH) (2 X 2 B ik H
DT — & 2 AT, HEED IOV THEE
T 5, AR, ZEBAERENLE SRS, FLRET
/L2 Modified Spalart-Allmaras model % V>,
TaNTETOFERER 2T LA X
HiX 9.074 X106, FHEAK TIIAMEERK T TR TV
¥ 93 Tk (F#E) G, ], k=(208, 56, 80), fx/h
¥ E B 1.6 X 10-6 TIT o 72, WAD (Z X % # /)3
DHROEL, WAD LTIy, MEDE
NN EAT A L ICRIAT A5 & . WAD
HENEAETLZHEAIC L VR T DS Th DA,
MG RIETIZ., BEOLIZOVWTHRFT S, K
—12 1%, 82BC @ WAD Hifx TD 7 a7 #ij jj [\
WZxF T A AA B OE GRS TH S, Bl
0° M Em& ., 90° NAMMT, EMND /T,
BEEtEI D icmENEA TV, K—13 1% WAD Fif
& C oA ORI s A B — 14 X E 5y A
(i & o) %3, B —15 1% WAD O % JEJ
BT 30 D 5 R & PR B, N R
HUnXick vk b s WAD OHE SR D5y
fiThsd, 827 BC T H WAD o4, &I
BWT WAD W EnEL 25 kit L= 2
A, WAD % 5%iE U736 OHE D I3E
WETHERESZ (F—22 R, WAD 4 Lkhe
OB OFE R Z M > TN L7Z5E), 728,
i 5 R FHETH WD WAD HE o J8 J5 1 45 A 14
WAD O EVVIREE CofiNYg &= v Tuwn b, WAD
D NTREETIL, WAD OFRAT A1EBRICLE S
W OEAL DTS WA WA T L
COHEHRELEOTANELS, —J, WAD ®
He SR8 & KA FEBR COHE DA EoBiX, B
M RBMRICH D7D, ZOTHNEZELRND
FET IRV, (WAD A9 O34 o WAD H#: 5
DB F AN HONTIT 4 ZETHFAT 5,)

Cyr = Cp XV,

inf low

’ SIn(ﬂ) + C‘D X I/inflowz Cos(ﬂ) (4 1)

C, : WAD R D) %5



g B Ee i e T FE T

WAD 2 W i1 o 171 £5 %4

a
S

@
D

a
5 D

——Flow angle to x—axis

PN
g e e e s
anl o TN
-180 —1;6 -120 %0 -60 -30 30 60 90 120 \o 180
ITVHETA[deg]
K—12 WADEIZETHOIORSEABICHT S5
ABORAESf

(82 Z4BC-WAD#E L CFD BEMEtERREM SHE)

@
L

t
——Attack angle

a

5 O ©

E

Attack angle [deg]
q

e \\

80 —150/150'/70 60 -30, 30 60 90\'770\10 180

I";'HETA[deg]
H—13 WADRiZECTOHLADEAAES A
(82 E1BC-WAD #E L CFD BEMETEHEMN D HETE)

> © &

—=Vinflow/U

© @
> 4
E=3r-}

I S

Vinflow/U
i)

=
LR EEEI L

™~

Pod
oy

N
|

\

b d

N

<

v

—"

PP SE

>

-180 -150 -120 -90 -60 -30 60 90 120 150 180

THET?\[deg]30
K—14 WAD B[ CORAREDEF @S
(82 & BC - WAD #& CFD BMiEt RN o HE)

0:50
0.40
—~CWTR
o loag. A
=
: il
0:201
/ o:c\/ R
" <
./4/ .00 \ e
0:00
-180 150 -120 -90 -60 -30 30 60 90 120 150 180

THETA[deg]
B—15 WAD i T WAD #hRBORBEAARAD f
(82 24 BC - WAD % CFD Bfiat H#ERAM S H#EE)

4.2 WAD B7aRSDFEE

WAD LHAEDLETHEHT L7 a7,
WAD IZ L9 S b 7 e X7 3 RE T
Vo FERBMSE S~ WADE< 72 5 5
THEHEyTFEELIELZ LK, By TFof
O ELEK>TWD, WAD HoOo 7 e X7 Ok
iR ETEE O FIEICENT BT BEE L.

T4 F2H RS (P26 4%) iR 25

FOTuXTOyF oM EERT S, K—1612
WHE 77 WAD 707Dt v F Dy
TR E i N I

0.20
0.80
0.70
0.60 b
a 050
S
T 040
0.30
0.20 —4—Nomal Propeller
0.10 ~#-Propeller for WAD |
0.00 } 1 } }
000 0.10 0.20 030 040 0.50 060 0.70 0.80 080 1.00
r/R
M—16 WAD A 7RARSEBETORSDEY
FHhAMDLE

A3WAD DEFRESTDEMER~ADELE

JERA DA, MEBD 7 a LT fiFO Lk
WICHEMER L DI >TBY, X7 MNEJHICE
WTHEABRELHEAA TR 20 . WAD 2349
L35, LTI Rvw, 2T, WAD @
N 1/3 (Pl 120° ) O D280 - 7B O
1/3 #8%r WAD #%8! (K—17 2, L oBERIC
o TWDHE Ny Z 7 FTHlisga 7 4 VI2 &
DETELTWD, FIHDOU »ZIROES 2 B
DB EMDICOSE TRET D) Z2HNT, H
FHiafriE (WAD #RiEfMf y) 2ZEE L THBAR
ATV, WAD o\ & BHLESR ORRIC
DOWTHAE LT Y,

B—17 1/3 &85> WAD =%

PRI AE L 72 IR R AR AR & 7" a ~ T R oD B2
Hx&—4 2T, 2E507=H, CFD =2— K
SURFIZ LV AMGFHR 2% L7z, 5%, =
f B L 2 XIS, ELE B 7 v I Modified
Spalart-Allmaras model # i\, 70 T E5F 1
T, EREH ST LA VXL 8.035X
108, FRHE FIXIEME SRS - TR BV
151,7 &+ (W) . /s HBE 1.6 X10-6 T
Tolz, FHEEERNG . WAD miffiEIZHIT 5
WAD ~DiANf (x8ih: v M & 2T AE) %

(95)



26

RO HLOEK—18 1[ZRT, Riflo 0° N,
EFTIEmAANRKE L,
M TIEHBAANNESD, ZOHEERENS, &

90° DA TH DM,
I b ~OFWANANEFEICET D ENHD,

®—4 HEBEEMEIUVEEITORSOER

SHIP
Length Between Perpendiculars m 6.55
Length on Designed Load Water Line m 6.66
Bredth m. 1.06
Draft (Designed Full) m 0.38
PROPELLER
Diameter [m] 0.239
Pitch Ratio 0.679
Boss Ratio 0.179
Expanded Area Ratio 0.61
Number of Blades 5
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ald 14 0.538 0.411 0.255
Fin — — — —

AR W2 1/3 #5 WAD 13, A YD OAlE
D&%TDA7EtiD%B%kLT\EéLd
% 25.5%Dp ICEHEBAEM%E 5 2D 14° £ T,
3° M CTA LS ET=, EBIZH 7 b EMEICE
ET D007 4 b AMEBERITHELZ LG 2T
HEBZ. XU MG ERELE Y 0 VHEEOR
Brob FE L7, BRBRIE S E S AN 0 R BR oK A
(400m 7K#l) THEMmL, RBEEH T, 71— K
$0.18 lCxhGd 28 & Lz, WAD D K5
T, 7T aEE OB & B HET D s
DEBENPOT WD, FaXTREE L2 LS

(96)

HFCHBREITW, a—R7 777 —0n1L7k5L
Z A (Wb D ship point) O HMIE % NHHIC
rokwnrz T, YuXTREEDEEL PR
L7, WAD BLU7 4 VOREA v IX. HEM
MHEAHT, HEE 0° &L, ARERIVICAHEZED
7o X2 T 1 2HFLIEA, 0° | 3 HFALE A 90° |
6 MELE A 180° . 9MAIEZS 270° L7225 (X
—19 M), KERABRICIHIT D 1/3 #4r WAD 4
D P EAR I E X —20 1277,

IK:K“ fﬁaﬂ
S )
y =0° vy =90°

7 ﬂxxl

I.

“\&:fff

v =270°

vy =180°

M—19 1/3 &5 WAD &REZZEH v

(MEFLYERS)

—20 1/3 #B45> WAD #=BUZH & KR

KB OFEREONT-AMBERZHNTE N
HeE 24TV, 45 13 #5r WAD B LUV 7 ¢ v H{K
DEBJBEBATOBHIWOEEFRE L, HEAE
AL SR 13 #4 WAD & 7 4 v Ok EM & E
THMEWER O BfR %2 X —21 1ZRT,



g B Ee i e T FE T

4.0%

3.5% #>- — ——a5
£ e \\ —4—a8
8 sy R R\
£ =
£20% X ——all
3 Lo N
g \\ ——al4
5 % NN

0.5% \*\\\ ——Fin

0.0% ; ]

60 -30 0 30 60 90 120 150 180 210 240 270 300
Duct set angle y
B—21 1/38% WAD RES & B HIEME

BRE M2 57 ORHX, RiEM 0° TOWEIIKHE
EBRRHARE L, REM 180° . EHiEFEM 2700 T
F B EAEBINRBRIRNES o TWD, £
DO OBIEfAD 1/3 %7 FTlk, %EA 90° O
ANERLBEEREANRBELZRLCEY, REA
0° NENITHES 23, REM 180° IZBWVWTH, 1
~2%FEFE DR N R EN TV D, ULV 5 iE A
270° IZHB W TIE, BAOEERITIZE A EEN L
SEoTRW. (774 OLTHBREMA 0 L 90°
180° 12 2OWTIE, 2%FEE O & RS A TN
TWDH N, &EM 270° TlE, 1T & A EE KR
BFEBE, MO EMICEWNTYH, BAEM
I, 0° & 90° I THETH DL Z &3 -
7=

SSNWT, BIE M 11° @ 1/3 #4y WAD D% E
A AMBEROMBRER —22(0, REA & ENK
k= OB % X — 23 12”7,

1.05

| 3

1.00
0.95

0.20

0.85 =

——1-t
0.80

== 1-WT
0.75

=d—nR

0.70

0.65 7****‘.7*1 -F ___—T ——f””
0.60 T T T t
-60 =30 0 30 B0 90 120 150 180 210 240 270 300
Duct set angle y

BM—22 1/3&5 WADREALBMERDOER
(BA=m11° )

REAEAMBEROMGRE LD E 1t 13, HE
B-15° ~0° fHE TRk KERD, HEA 757 ~
90° TH/INERD, o 1-Wrik, REMA 75° ~
90° ThohE720 | BRiEMA 2707 i CTRK & 722
. nRiT, REM 75° ~90° THRAKLALL, #
Efh 270° ~-15° Tle/hépoTnb, 2EVH
MEZORGLEVWOBELLT D E, 1t Lo

T4 F2H RS (P26 4%) iR 27

TOOHAMEFRE 1-Wr &£ R IZ, WHEE RS T
W5,

a0% il . ~

i

25%

20% T
& H i R

o 1 | n o

N

05% ! ! ! \

; MR

b d

0.0%

-60 -30 O 30 60 90 120 150 180 210 240 270 300
Duct set angle y

M—23 1/3&72 WADRERB & FEHEREDE
R (FAEA11°)

BMEBEN B2 EA1T 07 £ 90° 057
IRICRSTWVD, ZORBROMEMITAR Y T
aXTThHN, TOLRE, FEEMA 00 OfEI
HHWE, 1t & 1-Wrid k&< 220, nRIT/NHEL
72b, WAy MR TS LT 90° (K
i) ONBEICHDEE, 1-t & 1-Weld/hEL 20,
NnRIZIKELS D, ZNHLOHERKRAEINT,
0° PLiEd 50T 90° MLiEDE =322 ERE < 7
> 77,

4.4 ETIRRD L D0, R 7 — L & G A
TV TIIMETORND B2 5728, WAD ~
DIMAA SRR DD LR 505, AAOE TN
PEEI3 9 2 AL OMEEITEE L T D72, 1t
DOEIE, BA & A TIXE RIS R 2R % aTRE
R DN, BT AMEE ORBRIZ O T,
PloEmzrdtE3xonb,

4.4 CFD # F (L 1= WAD o s 5

WAD %3 L= oM RIS & £ 0 e
MFl L. & 512 WAD i iisthic i+ 5 R 8
AT L7720, CFD #HE %% L7- 6, WAD
O XD RMESIME Y OB E EMECHET S
I, MIROBERIE Mg TR, mEA
I S D E R B ot Uy 2 iR 1 % B
OTEAERTOILERND D, TOHITIE, M
KIE D LR E O & BNk AR E 4T
W, ENH 0K EES S D FIEEAK L)
DL TWDZ b, AFETHETIEEZER
Uiz, #HECIE, AP CRl% L-EAK 0%
W HETLEE 7 = 75 4 UPGRID® & 35 L ONE £ i
THEZED TWDLEAK TxHIE CFD a7/ 7
LYV AA—SURF & HW /=, HExBiT <
ARSI X U T E L, A (original,
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28

CB=0.84) #tiliEZIEx SHEKEZ KX <
L 72 (full, CB=0.85) & e A& Sk
JE Z /N & < L7 # (thin, CB=0.83) # {ERk L 7=,
S ZENZENOMALZ SOV TR Z 77— (L
A JVAEE 6.21X108) EEATr— LA )L
¥ 1.31X10% @ CFD & % %Efi L., WAD @
HENZ LD BRI R r— )L & EW A r— LT
EDXICET I ERE L, FHRExSmE
FrRSOEHR %% —612, UPGRID TER L 7=
HAEKTEX —24 1T T/ T A —F 2R —-TIIR
T, HEKTIITmMAr—AVIETH D, . B
HFEEOFEMCOWTITI L )R EI iz,

£—6 FHEXEFHRILVTORS (EH)DOE
B
Hull Propeller
Lypp[m] 217 Dplm] 7.1
Blm] 32.26 H/D, 0.8
d[m] 12.2 ak 0.5
Cs 0.84 7 4

Local refinement

Duct]

X —24 UPGRID TH ik L 7= WAD {4 = 4K @ CFD
HTEREART
x—1 EXRBOHELILHE
Hull (1,j,k)=(160,176,80)=2,252,800
Stern tube (i,j,k)=(64,80,76)=389,120
Duct (i,j,k)=(80,120,56)=537,600
Local refinement | (i,j,k)=(64,60,48)=184,320
Total 3,363,840 cells (both sides)
Smallest spacing | 2X 107

X - 2512 WAD O F #(2 X 5 TR 2R 5 1+k
DOEALERT, EENMER E L TiE, R oE
W& WAD O F MBI X 2B o BEfRIE, AR 7
—NVEERAT =N T L TWDEN, ERAT
—L D 1+k 1%, BRI R 7 — L kD 8%FEE K& <
o TWD, 1+k OEINEZIZIE, WAD NMIAETH
WCER T 2EDIRBLOEMIZL b0 T, EMA
=L TR Z 77— LD 14 fERREIC > TV
%,
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555 - 1+k, w/w.o0. duct (Model scale 4iL5

mmbarenull ||
mmwith duct
e Rioisare oty 100

135 { =
E
e =
& 120 - - 050 5
3
115 1 Loo0
110 1 I -n.50
full original thin
o 1+k, w/w.0. duct (Full scale) ——
m bare hull
_!_"im duct
135 == A\(vbare hull)| 325
=

+ 130 - 250

—

125 | L 175
1.20 1.00
full original thin

K—25 WD DEEICLDIBKRFZERBOE L

(BBR7—JLEEMRT—ILOLE)

B —26 |2 WAD OFHIZ L 5HE DA E 1t D
ALz T, 1t © WAD O F 12 L 528 ki,
W2 Ar— L b BN A — LT, W/ 2o,

5 - 1-t, w/w.o. duct (Model scale) 168

mmbare hull

0.84 ith duct | as0

Biachace hull) =
3

0.33 L oo0 £
i g
= 0.82 + =0.50 g

5
081 -1.00
0.0 . . 150
full original thin

i 1-t, w/w.o. duct (Full scale) £

0.86

0.85
5

0.84

0.83

0.82

full original thin

K—26 WADDEEICLIHABLEDEIL

(BRRT—)LEEMAT—ILDLE)

B — 27 12 WAD i f& AL C O Fie A4 O J& J5 10 5y
fizmd, MEBAr— L EERAT— VT, i
AANKELL BT BZ ENnn5d, K—28
W2 WAD (218 < AR 71 0 J8 D5 181 oy A ae ok 97, AR

A% bare hull)

A(% bare hull)



g B Ee i e T FE T

A= )L L FEM A — L TiE, WAD (28 < iRk
TINHET) & 72 BTy, P E BN RE KR
o TWNWD I ENGND, Tk, X7 —v
EEMAT =NV THERAADELLLTNDL Z EiICik
RLTHEY, ELLT It EMr—1 L
FEWAS— L TR EZ NS, KRN
5. WAD O¥EiIc X % 1t DZEALIC W T, 14
WS — )L & YA — IV DENE+ 5 EET D
MBENHDHZ EERLTWVD,

Bk Hewm FES P26 45 EHm 29

WAD OEEfHIZE D 1-W R EwE L TWD T L A4
M5, KM—3012, FH o WAD FEDIREET D
HATRIEIC R T D e &2, AU A & — 1 & 5
WA — LV TmRd, MBI —)L EATr—v
&I WAD M LIRAEIC Eb X WAD A& v RTE Tl
WAD Al 350(10 B —2 HEo g k) Ciih 5 1) 0
EXEMNMETUTEY, 2k I-WaR%k#EL T
WwWnhkEZLND,

771, w/w.o. duct (Model scale)

150

Model scale: Rn=6.21E+06 8 s
— 30 [Self-prop. condition =
o 1.30 =
ﬁ m‘% ﬂ@@\\ %\ g
5o T ""‘“;i\“ = 120 ;
= A i S il BGIR - 2
g . =0° TEESIIT :\ 3
= " o= full, bare hull |\~ 110
© ong, bare hull
= -30 \' thin, bare hull
lg full, with duct 1.00

ong, with duct s i
© o thin with duct full original thin
S0 9[deg.]18° 270 3

Full scale: Rn=1.31E+09 150 5.00
— 30 [s¢ifprop. condition
% 140 4.00
k] -m-4(%bare hull)| =
.5 S PP i L R i e RN - %
= ELad ~
= full, bare hull _ 1 0
e} L orig, bare hull == R
= %0 thin, bare hull - =1
s} full, with duct ;
= orig, with duct

| | thin, with duct
600 O pideq ™ 270 360
- origina in
- - N full | th
B—27 WAD ~DRAADEAMDH

(BRRT—I)LEEMAT—ILDLE)

4E-07

E—-29 WADDEEIZXDHFEREDEL
(BRRT—ILEEMRAT—ILDLE)

:\ Model scale: Rn=6.21E+06|

resistance

full, resist.

full, self-prop.
original, resist.
original, self-prop.
thin, resist.

thin, self-prop.

80

0[deg.]'®

:\ Full scale: Rn=1.31E+09]

resistance s

----------------- full, resist. \w l
............ e
G — ::iginal:_s?w_p-r o, (/I\\‘\' thrust
Ih::: ;slfp-rop. \J
“4E-07 CR— T80 270 360
[deg ] 002 0 0.02 002 0 0.02
H—28 WADEFDERFRHOBAARSH K—30 WDODEEIZKSTARSHIZEITS

(BRRT—ILEEMRAT—ILDLE)

X - 29 (& WAD OF I L DR 1-W OF
{bZ7+., WAD O F#2 L5 1-W o2&k,
W2 e — )L & EMAr— L & TRIBEOMEm 2R L.

BMREIZETA2HERBOEL
(BRRT—ILEERRAT—ILDLE)

B —31 (2., WAD DA MIZ & 2 %R nr
DEACE RS, REFERIRTIE, WAD O %412
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30

F0 qriEEE L0 L IEHE FEMLT HER
ZRLTWS, LML, ZHETICIT> TEK
MBS B Tix. nr 12 WAD O L v 0
1% 2% ELFET D LR DhoTnD, o T,
R OFERBEICIIREMHORMRH S Z &N

o,

105 - 0.00

= bare hull
. with duct
A(%bare hull)

1.00 - -0.25

095 - -0.50
090 + + 075
0.85 -1.00

full original thin
N W/w.0. duct (Full scale)
109 ! Embarenul | 00
. with duct
100 -+ ~&-Al%bare hull)f -0.25

£095 -0.50
090 + 0.75
085 - -1.00

full original thin

K—31 WADDEEICLIMEMFRLEDOEIL

(BRRT—I)LEEMAT—ILDLE)

EAMK 1% H 7= CFD I & % WAD £ 4K &
D OWEIRNTE EME L, LT ORRESTZ,

1) 14k 220 T, B2 — L LR T —
LTI, R O[ER E R TN, O AL FEm A
=V DFFREL IR TCWND, o TEMAT—
LTliE, WAD O3 ic K 5 FEk T o BB M
BN SR 2R WTTEEE N & B,
2) 1-tlZOWTIX BRI Z o — L L E A — L
T, WAD (Zxt T 2 A OB BRI 5720,
27 MBS E b MR s — v L R AT
— L& TRIBEICELR D, ZOREN 1t IZHAT
<BHZ b, WAD O#1fiFIc L5 1-t OZEAbIE,
BRI Z e — )L R A — L DENEEET D
BN D,

3) 1-WIZ oW T, AAUIREIZE T 2GS
XN 1-Wickl4 %5 WAD D28 Rl 2 77— )1
EEMAT— AV TRETHDI Z E D, AR r
— )L THETE L7= WAD O ENEMAr—1iz b
HWHARETHDLIEEZOLND,

4)  MRICOWTIX, ARIEHE L7 GRS R e
K DOAGRERAE R A BT 5 2 E K TE LT,
FOWEREIITLFEORMNE D 5,

(100)

A(% bare hull)

(% bare hull)

5. FYET—Ya UMEOER

WAD %34 L72fifia D % v © 7 — v 3 Ve
ERHET L0, WHEMFRKE Sy ET—2 g VR
Rk O T8 2 3T I2BWT, — &7 IRK
MR OEE 5.5m OB A HWT, ¥ v
T—vari®pEiToz 8, BT o7 3 E
SNDHZEHRTaXTOEHITEWNS O &R - R
TELEboZMEALTBY ., ELZ 0.1753m.
0.7R (& TO L EITHK 0.045m, ET 4, A
A THD, Fry T —a VRBRITHER
DAEBY SIS WD R R I & e L 7t o ¢
KIET HHENH LN, Fv BT — 3 a kX
HHAMOERAE CHLT-D, TOEETIET 4
T a—WPHRICIVMBRABIEET A0,
I fr@Bic 7 —o4F Y&2FBESTLLICLY,
TN DOREA LR A DOEIE 2 FEH L=, HH
R & 72 B oA i, AR TR O A
PR A AR - MR OFE I E D ERLEZD
DEHNZ, g - B OB L HEE Lo
WA K —32 IR T, ¥ BT —3 a3 VKA
70— 4 F &2 MO THEBL S IR & X
—33 1T T, BRI BT D EF A O FHIT
HEHETHLHN, FrET— a3 URELFELRY
TN e T ARSI T A O JE a2l
FITHEYTH D EHBI L, ZOERSMICIENT
XY v Tr—vari®EerEiTToL L,

M—32 #E-BHPDOAEITIVEESNIER
MR 7r—ILTORRDR



T L Bl 22 T E T s

Bottom
M—-33 Fy¥EF—IzrkiERIZEVNTIO—
SAFICKYBRINZHERSH
Fr v —va rBRoORBREMIT, BlikE
U7 LKA TP - AMERBRE RS DHEE L
TEBRENB LIRS a XTI ESERE L

7o RBEMo—ERXREE-8IZTRT, B, Kr
TAT A MREL, onlIF ¥ ET—2 3 v ETERN
ZNGDRLIOG2)RNTET, onlZ7 a7 I
75 0.8R L& D KEIZE W THEE L, A
KT DS D BTG L7,

K, =T/(pn*D}) (5. 1)
o, =(P,—P,)/(05m’D}) (5.2)
7277 L. TixAF 2 MINL, pldAko s [kg/m3],

n 17 v 7 s [rps]. Dp 1327 e 2T E & m],
P.i3#/E[Pal. PviZ/KkoAEKE[PalTH S,
case-7,-8. B X case-17,-18 1T 7 1 X7 & faf
WEAZEE L, TN EI cased 38 L W case 14 D
Krz 1.25f% & 1.50 f5IC LIIRETH 5.

£—8 FrET—La U HBRKE

Bk Hom FHES

Case Engine
Number WAD Ou%put Draft Kr On
1 MCR Ballast | 0.154 | 1.957
5 / 0.150
7 W0 | NOR Full [0.187 | 2.978
8 0.224
9 MCR Ballast | 0.162 | 1.984
14 ‘th 0.156
17 WIth | \OR | Full [0.195 | 2.987
18 0.234
51T WADAFrvET—I 30 5—16?/.5
WAD N¥ v BT —3 g VI KITT LN

AL F Y ETF—S g v\ E— kLT,
SEOK AT RE AR E S 02 o C BB G L v S

(CFpk 26 1) Faamse 31

T % case'l £-9 DHAZ X —34 1T T, 72k,
X & o3 A7 E [degl 1T B EAY 0ldeg] THREFHAIY 12
EOfEEZ LD, 7uXT0O LA VAT Dp
~N— 2T RnD=6.7x105 Th D, FAKRFEHEEL

TIRRETIE WAD OFMIZ LB 32— DFETIF
&h&ﬁ<\%kb7 va UMEREICHEE W D

LMRHERTE T,

0 =350deg O 10
(. WAD £ case-1. F WAD fi case-9)

B—34 WADAEICEDFrYET—Pavng
— VDL (FKRPHMTIKE)

InicTueXTEmERE (1.5 %0 Kr) %/F
HLL7- case-8 £-18 Oth#k&# [ —35 [T, =
DEAIT WAD AV REED ST TRy ET— 3
FAHBENRD LW DLEFR 05, AfICE
LBIENDIE, FYET A OEBELES LT D
RPN ALNZ, COLEDEHEAK—36 1277,

2ddd
cECE

/= 350deg
(= WAD & case-8\ T WAD H case-18)
K—35 WADAEEICELDFXFVYET—L32/\4
—UDLE (EREIKRE)
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(L WAD #& case-8. T WAD & case-18)
K—36 WADEHEICLEBAFrYET—Y a4
—VOLBREE (SREKE

52 WAD AMEZEIEAHICEZ 558

WAD DR EBENICHE 2 2 EETAET S
7. MBEAEEHM AT >, EHFHER —
3T WRT L7 axT EHomikEmic+5
WICHDIAALT,

Pressure sensorg

ANV RN

| |
 dd
S n

-

T O
ropel for 4/

o
o
N

Starboard)

Y \\J t

0.125Dp

|
s

M—-37 EAFFORER

0.125Dp

IRV EIE T case-9 DEST A K OER
FEOEBE I AT =¥ —38 & —39 IT/RT,

(102)

AT MARRTICE DO 7o3 R 1 k0D 3
WA £ CRER L, 77 7 OftIEEMR L
MBS AKRTETH S, MXEADET
ERDELEBEHNOE =137 0T E BB
FF~% 0.25Dp OIERF LRSI THY . o
—ATHZOEMITED ST,

2.5 ‘
[ | —e— 1st
= 21— 2nd
& 15 —--4— 3rd
gl o™ ™S
T 1
b
éosi .,/ e~
p al Pt B i e N |
S ol , . , , , , , , , ,
& .05 -04 -03 -02 -01 00 01 02 03 04 05 06
x/Dp
H—-38 MEZEBEOSH
(WAD & case-9, fa&A M. y/DP=0.125)

2.5 — . .

2 ; —e— st
T L —--a—- 2nd
S5~ ~
c
5 L
R e
E 05 | S SES. 2= \
2 0. o Ea =
A R
3 o , , , , , , ; "
& 05 -04 -03 -02 -01 00 01 02 03 04 05 06

y/Dp
H—-39 MEZEBHETOSH
(WAD & case-9. ffAl AR . x/DP=0.125)

casel B LW caser9 OZEWIETTD 1 N5 3K
RO — 7 HE LS 0 %K—40 1257,
7T 7 ORMEMNITFEM LSV Sz IR ool
T D, WAD Z 80 L7286 1 1 R pR 5y A
EIRAITIERE & WO FRERNG L, Z o6
case-5 &-14.case 7 L-17T DL THREBETH -
7o 72720, IOMEENE case-8 £-18 Db
BT, M—411ZR T L 212, LRI 721F Tl
< 2 WD bERLAETHYVTH/RLE ST,
COREREN -3 Oy BT — g XK —
TRERLNEELLEMENHD, WAD ¥y T
— v a OME EENICERTMBREEE O
BFIZEBRLTWD BN,

w

N
«

B case—1(w/0 WAD) |—
O case—9(with WAD) |

N

o
o

Press. fluctuation [kPa]
o « &

N =

st 2nd 3rd

BM—40 WAD HEEICLSIMEEHEIOE—VE
D (FKPHMITINE)



i LEA L EpTE 14 H2 5 RS (CEpl2e ) IR 33

w

=—9 WAD AW BRANDERBICE

EZS M case-8w/o WAD) |[—
5 2 O case—18(with WAD) [—
E 15 ML Rz : Z/(pgSCta)
< 0.5 0.228
: ° | .—\ | “ 0.7 0.421
1st ond 3rd 0.8 0.677
E—41 WAD AHRIC & BMEEMENDE—2 {8 25 T
DHE (BRERE) 0.95 0.927
1 0.826
1
6. BERFIZEWLTWAD [2hMBFIEA £ R
—~ 0.7
S ~ DI IZ % 7 > T 1k WAD 1R 0 £ 13 5> g 06
DHRELEETHS, £ THRFICBNTY 7 S0 a
WCHAET BN & HEET BT, BB % =03
W RIR PR AT 72 9, REBEIZMEO 1 0E— mﬁ
RRBRICHET S FiECEME L7, WAD 122D 0
UL L TR L7 & 0 RN E I 2 5 - 7 0 0z 04 06 08 1 12
LHERTHY FF5 2Lk, A E, ML
WAD (281 < & 2 L7 ([—42 B 08). X —43 WAD IZh M B5RAEHDREKREIEE
FBRIT IS T Sm F S 00 TE H 4B R T
ﬁWT@%EﬁT%%%LtFrow5e&5ﬁ Z=pgSR.¢, (6.1)
N TBERIEICH N T o7, BT — 4 % i
L& MMUJ@H&%W/E@%% 9 L[¥—43 VA CF 7 MDA (BRI
R, ZORRNL6.DRERNT, ¥ R R A (NF: 33
KA %SO HET 2 HIEERELE, Rk S H MKFE B ER
o7 D% Cb 7% 0.8 BOIEKMTH 223, EK R, 7 MEDDDRKT) O RKOTE
TeAb U7= B H AV L L 72 i T do i, AT 5 3 g, RN

FEREMWT, #7 FORET DI & HEE
THILRARETH D,
1. £&BH

FEWHE T RTF AL 2D 1FEE LT, FriT
—RRIE T R TNA 2 WAD ORI ET -T2,

WAD O4 = 3 Fix. A3 5 mBIc ik F 3
% W HCIREE T 8% 20> 5% FE EE O [ S KN 7R T
&%, FIEMEETOWRIR P AER T A2 L7
A EAREE IR, BB LY B IE REE S K
=D,

WAD 7% 34 L 72 A28 oo sk Fl sk Bt o & 1
WAD i Sk sk & AR Lz, z.:ﬁ“ézhfakiﬁ%f&t
BfE R 5 WAD #3513 2 M5 B R o MERE
WAD O OB L 202722 0 . WAD #45 fi
& D 72 AR BRI K D WAD O & 5 [\ O 45356
DINEMBRICG X DEENH - TEZ, IHIC
EAMTHEOE ALY, WAD &5 o CFD
V3o b—varOfEESHELEMER M
T25X91ChoTETEY, BAMLEEHOR
K—42 WAD 1@< S AhDEBIC R T A JERBIZ DWW T H A HRE & 72 o T X Tz,
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Xy ETF—a UMEREIC OV T, B RS
DHITRENR RN AR S, EAEIRET
X, L ULAMRENKET D &t -,

BE, WAD BEMBHO 7 = — X2l x TE
. 3 21 E~DIEfNRE > TV D,

@O

ARAFTEIE, AR EMR SR, RS th4 A i

METE . b B AEMKASHEBROZ K2 T &
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On the Development of the Technology for Boundary Layer Control
applied for a Twinskeg Ship

by
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Abstract

ZEUS project) was launched for the reduction of CO2 emission from a ship in National Maritime
Research Institute, and various technologies for the purpose have been studied. The study in this
paper was begun as part of the ZEUS project. The ZEUS project introduces a twinskeg ship to
realize the increase of the load cargo by enlargement of a ship’s breadth. A twinskeg ship enables
the more increase of the cargo by positioning a rise of bottom of tunnel incline between skegs
towards aft. However, there should be a risk for the increase of viscous pressure resistance due to
the drastic change of the bottom flow.

In this paper, the technology for boundary layer suction of absorbing a small amount of flow
from the bottom of tunnel and blowing in front of propellers is examined for the purpose, for
example, the reduction of hull resistance, the improvement of propulsive efficiency. By tank tests,
relation between the effect of the boundary layer suction and the related parameters such as a
suction point, an amount of absorbing flow was investigated.

Along with the ZEUS project, the attempt to improve the performance of the simple boxy ship by
the introduction of fluids control technologies has been made. The application of boundary layer
suction to the attempt was examined.
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