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Maneuvering Hydrodynamic Forces Calculated Using
Circulation Retension Characteristics

By Akinori YUMURO (Member)

Assumig that a ship hull can be replaced by a rectangular flat wing, a simplified method is examined
for calculating the maneuvering hydrodynamic forces and shedding angles of the trailing vortices in shallow
water. This method is based on the INOUE’s method using infinite images with respect to water bottom.

This study takes into account bound vortices retained at the wing tip in shallow water condition. If the
fluid behaves ideally, vortices bridging the gap must be distributed over the tip-clearance. In this report,
influence of the vortices remaining in the gap on predicting the hydrodynamic forces and the shedding angles
is discussed. As a result, it is indicated that the vortices distributed in the gap cause decrease in the shedding
angles and the hydrodynamic forces. However, the change in the hydrodynamic forces is slight compared with
that in the shedding angles. It may be concluded that taking account of the vortices in the gap is useful for
obtaining better agreement between calculated values and experimental values for both the hydrodynamic
forces and the shedding angles.
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Fig. 2 Modeling of vortex distribution for

wing system

Fig 20 \ETNVIX, EER L ZOHEEIP LR IER
DEEOEIZFORL ISR LR A M/NEDIRKIER
YELZEEBERLTVWS., o TERT X TEHITIX
—ROFBRPHFAETHERZTILRRY, yE#OM
BNZHERR IS 7-—D DR A EET A LI b, K
HMRORBHFHOEMASPERBE o TEEL2 S H
TWADT, TOEFVTIREHBIZERIIB 5
BICOARBND Z L2k B, CHEL6) Tk 2 RITCE D3
SLENTVEY, MEFNVE L CREIXEEBEED
ZRZIIETVTNVE,

3. RENBLUVEHBREADEFEES

Fig WA & 91, —HRiEEL V, HAE8TE
by, B2»rL0BHHBIIEREESI T—ENAES
TRNEL DO ET D, LT TIEE =2/(c/2) DERT
ERERAVD.

BHBOHGHAONKSEZOLNATVAELETRHE, 0
CEXOBEWPBLBICBIT A AHNOFEHE I LA D
IHlcEbEINS,

w = wo+22wm (1)
m=1

wo, = f1+ f2
Wm = g1+ 92 + 93

f o= ,2A/ 7(61) 1 de,
T T e - a)? a2
cos®

_(-EA
27 /7(51)(5 £1)2sin%20 + A2
x{l+ (¢ — §1) cos® }dsl
V(€ —£€1)% + A2
o = /ﬂ&{ 14 2mA
£ L (e - €1)2 + A2(1 + 2m))2
1 - 2mA

+ ¢
\/(€ 61)2+A2(1~2m1\)2} 1

o = m/ a){ 2mA — 1
F8 L e - a2 + A2(2ma - 1)?
(—=2m+2)A -1 }d
\/(6 - 61)2 + A2((=2m + 2)x — 1)2

(1 - kA ({f )[ (1 4+ 2mA) cos®
4w _ ! (€ ~ £€1)2sin20 4 A2(1 + 2m))2
(6 ~ §1)cos®
1+
X{ Vﬂ£~sn2+A%1+2mAP}
(1 - 2mA)cos@
(€ — £1)?sin2@ + A2(1 — 2mA)?
(€ — §1)cos®
x4 1+ a¢
{ v%—&ﬂ+ﬁu—mwﬁil

g3 = -

+

T TA = bfc(HEMELL), A= H/(b/2)(KEE - Bk Ib)
Thsb. ARPD @IS E0WmED T LTHL LA
FIZoNETHY, BET X CEET IS
LREEEDLLTNAS

RS E LT

1-¢ (2)

v = Va(§) T

DRERET 5 &, FHREHKX

Vsinfg+w=20 (3)
I a(6) ERET BEMAHERASEBENS. a(6) 5

kwons s, BENRRY' BLUE— 2> MMEK
N'@EHHLED D), FLHC

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

2L, WFL, fIZFENENREE, BHEIIEDL

v = coss [ ater [l bOEEDT. SICTAHL MR S hE %
) oV ES @ AT
;oL L-¢ $7:, REFBY 5 o HAOFEAEEIRAO &
N' = cosB | a(¢) £d¢
2 - L+¢ IEbEND.

WKEhEHE SN,
—7, (&) VBN A & HEBOWHBAILEMIC
DFoZeikowons, 3, BEICBI 58I T

u = Uy ug (6)

D FEOFEEEITRAD LS CED SN, -l
_ € | k()
up = ) + n
w = wb+Wf (5) uy = —wf~tan®

Wy =?1 +72 +73
wy =g + g2

2L, wpPRFNIEBITHE2HIH LIS h

Nl ' 72HDTH A, up DERARRICBVWTC, & 2idk=0
. DEXIFTTEIIITWPFLEL ZVIREL RD 5.
f1=w£/7@> ! a6 FEAC 3 RIERD I BT B B ()/1 & 5 %
g‘&VG—mLHM . 3hk=10k X2 RTHRORESEDT I,
. /7@J{ L+ Hep 2 2 RIERI B B BHHER(€)/2 £ 52 5.
g -6 \/(g £1)2 + 4A2(1 4+ mA)2 KB HEDOBRYIT D AFE LW, Wy, T, Us
N 1= mA }d£ ' TRbLY L, HZLROOMEIZIEBEIIC
! Vsing + @, + @y
Js €12 +402(1 - mA)? o=t JUE T AT )
7, = 2/ 7(61) { mA
f-8 L fle— )2 +4A2(m))? WEyRdoNE, Z0O% AWV THIERD (1) ~(4)
(=m + 1)A—1 X oy(8) BLOMKNBRBFTRESI NS, K&, 2
* \/(g —€1)2 +4A2((—m + 1)A — 1)2 DFEEHRYET. UECBT 2EMESTEOEREICD
+ (=m + )X VTR 2) ICER S
V(€ = €)% +4A2((=m + 1)A)?2 4. HESRbLUER
: ViE-& );ni 4A12('m>\ -1)2 }d& SR FERO EE % Table LIRTY. &
_ (1 —k)A cos® o . .
91 = T/ (51)(5 £1)2 Sin?© + 4A2 Table 1 Principal dimension of model
—¢1) cos® L(m 1.200
X{l+ m} ‘@ B((m)) 0.0120
_aomm | ot
2 2/7(61) 2d/L | 0.120
(1 + mA)cos®
[(f £1)25in20@ + 4A2(1 + mA)?
{1+ (¢ — §1) cos® } MoK H/d=12, 1. 5@%11%:&0)7}({* BwT,
V(€ = €102 +4A2(1 £ mAY? TEBRIRIFE % b = 0~0.6 V)éE’..’C;ﬁﬁEB’J CELE R
+ (1 — mX)cos® EEDHHBREAOOFTHEER T Fig.3lR 7. [F
(¢ - €1)%sin%@ +4A2(1 — mA)? Mk, BT ETOBROMBLEH LS EZ0HE
@+ (€~ &) cos® }P& VOEREHELTHELTVA, ’F, gp=F, =0
V(€ = €1)% + 482(1 — mA)? YERLTVEON, COMERERLZBEOERE

KL, g2#0, fo#0 LM LTVEOPER LGS
DIERETT. BT X TOROYELEEET L t

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

40r
H/d=1.2
O Exp.
| —— Cal(k=0)
53 —— cal(k=0.2)
g — Ca:.(§=0.4)
3 —-- Cal(k=0.6) —
201 ge=f3=0 ,///i:,”’
///./- -~7°
G
10 -7 0o
///
//
O0 1b 20
30 B (deg)
gzx0
fax0
-
’\20' _—
8 "%
) L
@ /'/ -
101 -
=
//
2
0 . .
0 10 20
B (deg)
Fig. 3 {(a) Circulation retension effect on

shedding angle of free vortex (H/d = 1.2)
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Fig. 3 (b) Circulation retension effect on

shedding angle of free vortex (H/d = 1.5)

L, kORI 2HEDOEOBEZ L /S L
BOZ EIZHFESLTWA,
RICEHBmEA L LTEIEL A58 00K
HOFEFBEROBEF Fig6llmd. SI0HEIBW
T, EREICHIRT 5 E XD EDEIZ0.2~0.4 D F
WKhHHIEERLTWAY, BT X FHOMELZE
BLTOZOERICIIRELEEIREZ V.
TEIROPRLEET LD, LEVWHIIEDLT
ONEZ —E LT HE, LBRORBEIDORLDOERE
LT, O ICE 2 0idBstash, BEICBT
LBEEREBIIEILDDODDARELR D, T EDSH,
WHEHBLO 2200 RO S H, OOV IEH T
HAHILEBVMALAILNTEXS.
PDiECRLZBHAIEUMICERICBIT 5 FHER
FErRAVWTELNERETHL. LELEYES, &1
ELCREBICEREVSHFLET S, BE» O8N 2L
BUBIHEICL 2 LERD L. S 50OHEDTIIE
REGUZZELLZVWHAEOINLL OBV ORRD
HBZRLTWEY, UTTIRIERBREEEZZE L
BADOLBIZOWTRR S,
BREGUEBIUVT X IROBRLZRL-L Z0,
B2 o #EN - COFEREIIARD L H1TED
b,

NI | -El ectronic Library Service



The Japan Soci ety of Naval

2.0r

0.5

H/d=1.2

O  Exp. ///
—— Cal.(k=0) y
—— Cal.(k=0.2) e 7

—-— Cal.(k=0.4)

4
7/
~=-— Cal.(k=0.6) /,/
B L
ga=fs=0 //
7

0 , ,
0 10
B (deg)
92#0 4
15} fax0 //
\& Y ©
4 o
V7
10 /O
. 4
P
4
Z
//
051
y
y
V.
0 . . . o
0 10 20
£ (deg)
Fig. 4 (a) Circulation retension effect on
lateral force (H/d = 1.2)
0.4 =
H/d=1.2 //
N’ O Exp. //
—— Cal(k=0) //
0.3F —— Cal{k=0.2) // 3 /
—-— Cal.(k=0.4) Y /
_ _ /
—--- Cal(k=0.8) 7,
_ ////
0.2F gz=fs=0 ey o ©
/e
/
/ O
S
7
v
Z
Z
0 . . . ,
0 10 20
B (deg)
92#0 //
0.3F  fsx0 //
s
N’ ///
v/
e
0.2} /// 5 ©
7/ o
/{/ o
s
0.1F /7/
Y
b
7
0 . . X ;
0 10 20
B (deg)
Fig. 5 (a) Circulation retension effect on

yaw moment (H/d = 1.2)

Architects and Ccean Engineers

H/d=15

O Exp.
—— Cal.(k=0) /
—— Cal.(k=0.2) Y
—-— Cal.(k=0.4) ey
—-—— Cal.(k=0.6) y4 e

gz:?:s:O

20
B (deg)
15 ¢
, gzx0
Y fox0 ,/
///o
1.0r P
pa (e
.
7
5
057 ///
//
//‘
_
0 X . . .
0 10 20
B (deg)
Fig. 4 (b) Circulation retension effect on
lateral force (H/d = 1.5)
0.4
H/d=15
N O Exp.
| —— Cal(k=0)
0.3 —— Cal.(k=0.2)
—-— Cal.(k=0.4) yd
———— Cal.(k=0.6) e
0.2r ga=fa=0

Fig. 5 (b)

10 4 (deg) 20

Circulation retension effect on
yaw moment (H/d = 1.5)

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

20r
H/d=1.2 .
v 0.4r
O  Exp. H/d=1.2
15l — Cal(ge=fs=0) N O  Exp.
------------ Cal.(g2%0, f3x0) —— Cal.(gz=fs=0)
ko4 o o 0.3r .. Cal.(g2%0,f3x0)
1.0} 0 k=02
0.2f o ©
05}
[e)
01+
% 10 )
B (deg)
0.2}
H/d=1.
" d=15

B (deg)
Fig. 6 (a) Calculated lateral force when Fig. 6 (b) Calculated yaw moment when
" measured shedding angle is used measured shedding angle is used
92 = —G3(£,()sin®
wy = f1+f2+f3 } (8)
wy = d1+92
= fa A 1 1
wo= bthis ) © R Ga) = -
7T ate TV a2+ e —6)? Fan2 42
-z A 1
cele ' Fa(§,¢i61) = — ==

Y(EPL (€, G 61) el g, L4 mA

— )2 X
V€~ ¢1) +(;2‘ {\/(§_€1)2+4A2(1+m~,\)2 +¢2
3 §—¢&1 : 1 —-mA
f /7(61)F2(£ (€1) ety R
’ Z VI(E-€1)% 4+ ¢ \/(£~§1)2+4A2(1—m)\)2 +g2}

/1 TNV E-ar e

, kA 1
- _ §— ¢ F3(¢,(61) = = = ————————
fa = Z/ﬁ‘f(é’l)Fs(& ¢ €1)\/—(;_———de§1 27 Je —¢1)? + ¢2
’ mA
5 . «{
f1 = /’Y(gl)FI(E:(}fl)_‘—dfl \/(6—51)2'1'4/\2(’”/\)2
\/(5_51)2‘*’(2 + (_m+1)x_1
~ — 2 2((_ — 2 2
B = —Z/w(fl)&(ﬁ R VIE- @) a3 (Cm + DA -1 ¢
V(€ —€1)2+¢? {=m +1)X

N \/(E €1)% + 4A2((=m + 1A)2 + (2
fs = / (€1)F3(&, ¢ €1) —m—————di; mA—1

Z - V(€ - 61)2 +¢? +\/(£ T ACERTC T +€2}
71 = Ga(6, () cos0 o c ' |
92 = G2l (Jcos® Gie,0) = -9 k)A/ (&)
g1 = —G1(£,()sin® T -1

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

1 40r¢ H/d=1.5
X {(¢ — €1)5in® — ( cos®}2 + 4A2 ?30 ] O  Exp. - )
: T Cal.(¢ =0
x {1 + (§ ~ 1) cos® + (sin® }d§1 ® cos Cal(%0) ’
V(€ —€1)2 + 442 4 2 200 o
- = 10f - o
G(6,¢) = —(12:)Aj£:j[w@1) e
m=1 % J 10 20
' Ltm) 0,fa%0
X [{(& — £1)8in® — ( cos®}2 + 4A2(1 + mA)2 /g’\ 30r 3_2:52 =
x{1+ (€ — £1) cos® + ( sin® } % o
V45—6ﬂ2+4A%1+4nM2+€2 e .
1 —m\ L e 5
+{(£~£1)sin®—Ccos@}2+4A2(1 - mA)? 0 ] . ) )
— £1) cos sin 0 10 20
x{1+ (§ = §1) cos® 4 (5in® }]%1 . -
\/(g —£1)2 +4A2(1 —mA)2 4 (2 S g2x0,fax0
@ k=04
Beor T
FRL, C=2/(c/2) THB. Fo(&,66) D, TETil | e o
FEBLEZEICEVHFELICNMENHTTH . = —©
%8, (8), )RICBVWTC — +0 DEMEEITHR D &Hi 05 - ' 2
wBDB)XPBOND. _ 300 ga0.fas0
HEH L UREDSBNLEI B b HEAE % I
B4 000 ki % Fig.7IoR$. M9F, (=0 ® | e
ERLTVROPEFICBIT 2B EEEY AL X, or e
(A0 ERLTVEOPFEEILHNMEBEDENE o ~ . . \
vzt E0fEERT. 22T, k#0ORIXERE 0 O e
ﬁ'ﬁ LREBFICT X F (ﬁwiﬂ%%%% L7 aniERs Fig. 7 Influence of value of ¢ on shedding
EbLTWwWAS, BREGEHEZEBTHEODEFDY angle for various retained circulation co-
DIZHEHARE BT 505, FEEEORIRVICHE efficients
SLONENDKE I, DTl rEbN i
WV, 722 L RDEOBINCR, T OEITEEITHNS B, COMBIIMLCIIEST X BoBEI
(2 ERAPRDOOLND. F AN B

BCAODHIRIC X HIH AL, EREE X
BOKE BENEOND. foT, SNE TREER
ZoTERV L DROREFHIRLTFERERT, LB DV, & BEEIEE DR Y
GRISERHTLETD L. BhY, 55 —HOBER L T DO
5. @= WEEICOVCORNDIBECHS .
KGR A DL, CHEEEGD o B EA
sy : 4) )~ gt

FRETE, SROBEVESIZHEE, KLOOT  yrag pimkpRcRBoBEELE T,
AT IE T X BB OV & B BT 0 & ) 45 7
% MBI EEIC OV TR AT ->T 0D, B6h 2 % X W

THERIKWUTOLEBNTH 5. e o \ 7 )
(1) BT 5 2 vBaoRMI By pmmes D P EEH MU SKR EARES 2 8 0B

(3) LEoHm+ZEL L, REA»O#MNE
(ERICHHMBPFET AME) TOFERE LY

MAEEETLE, EAWMABEZLARY TIZER DEFHEIZDWT, FAEEM S A, 5 37 75,1969
X E O BT b b hs, o 2 BEBREABICEY 2 BERERKRORE
BOBREFWT 5L, BARoRAH e amg  DCETOTRE GITRRIELI 5245, B4
AT I LT, L) EHME A w1984 - _ -
S 3) B E IR ARG R B R T IR R

9 A —IRET, BV E M T & 8L, 5 205 53,1987
1) EHEER BRI IR R O EHE
B89 5 — 45T, BT E AT &5k, 85 223 5,1995

(2) HiAE LTERMEZ AV, WEDOBR»5%E
D72 R IERRAFAFIL 0.2~04 BEDOHHFIZDH

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

5) B.Lakshminarayana and J.H.Horlock:Tip Clear-
ance Flow and Losses for an Isolated Compressor
Blade,A.R.C.,R&M,N0.3316,1962

6) LTS, SARKBRCTZEOHLHOBEIH
A, B AWM A5 UE, 55 35 %, 45273 5,1969

at A

—

] (JINEETE (bk)) il Ze

EAKRIBIC BT HBRAEDoERE M L BY
EL7, AMEEZECINTE TOMEICH LEESLE
LE7.

STAMZEORFEIL, BHBEOMBUADOHEEEL
mMEL7zEwny 2 EBWT T,

COREAOHERER LIS, thoEAKBIZBIT S
BAERA D ORE (B1 21X, 2 kB o T #Hian) <
EDL I BREEELOPIIOVTIHRT SV,

[(E%]

CHmEWLLEEEHEL ) TEET.

Ui A O A N LS OB D OREICE
DEIBEEELONIFLTE, BEDEIAEZ
HERATEY $HA. SEIOIEHRV E EHEOMEEIXH
DECAY, 2mEBOTHOMELYEX T T L, 2/
WhHHIBEEFELLRETREFLFhoERBOWE
B SO F BB TEETHI &R
9. EREZOL D ZEIRWSLEE BN E I 2
WHOPTIED D FEAL, BEFINIESERETE
TrwizwEBwnEd,

NI | -El ectronic Library Service



