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Hydrodynamic Forces on Box-shaped
Vessels Towed in Calm Water

Hiroshi Kacemoro

Abstract

With a increasing number of huge offshore works and the construction of huge offshore
structures under planning or going on, towing of large caissons (typical dimension;50-
100m) , which are basic components of the structures, has become inevitable.

The estimation of hydrodynamic forces on the caissons while they are towed is vital for
the estimation of necessary horse-power of towing ships as well as course stability of towed
caissons and thus determines the effectiveness of the construction works and the safety of

the towing operations.

Accordingly the hydrodynamic forces on box-shaped vessels are investigated in this

paper.

Experiments are conducted in a towing tank and in a rotating-arm tank while changing
the water depth, the radius of circulation and the heading angle of models of wide variety

of length, breadth and draft.

As a theoretical model Kirchhoff’'s Dead Water Theory is applied with some success.
Finally experimental formulae are proposed for the use of the estimation of forces,
moments and so-called hydrodynamic derivatives.
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Fig. 2 The resistance vs the breadth (B). (The resistance is measured

while the model is towed with a uniform velocity V in calm water

by a carriage as shown in Fig. 1.
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Fig. 3 The dead water model ( 1 ) for small
water depth (H). (This theoretical
model is used for the calculation of the

resistance shown in the table 1.)

Table 1 Comparisons of the theoretical and the experimental results of the resistance (F) for small water
depth. (The theoretical results are obtained by the Kirchhoff’s dead water theory.)
Resistance coefficients (Resistance/+ pBdV?)
H/d Exp. (L/B = 2.0)
Theory
B/d = 10 B/d =20
1.320 (V=10.134) 1.078 (V=10.137)
1.2 93.07
1.180 (V= 0.274) 1.368 (V=10.271)
1.282 (V=0.135) 1.204 (V=10.134)
15 21.64
1.072 (V=10.274) 1.156 (V= 0.281)
0.952 (V=10.134) 0.754 (V=10.136)
3.0 436
0.868 (V= 0.277) 0.924 (V=0.272)
(V: in m/sec)
80 1.99 0.934 (V=10.333) 0.994 (V=10.333) (upper column : d = 0.0750m)
0.838 (V=10.337) 0.830 (V=10.333) lower column :d = 0.0375m
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Fig.14 An example of measured velocities in a
wake. (4dcm below the undisturbed free
surface. V;the velocity of a carriage.
v; the measured velocity in a wake
obtained by velocity meters fixed to the
carriage.)
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Fig.16 Examples of measured waves.

(The resistance component due to the wave
making is calculated from the measured
waves. The calculated wave-making

resistance is less than 1% of the resistance
component due to the wake.)
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0.5 0.548 10.54 —2.11 0.633 0.052 0.540
0.6 0.811 16.43 —3.29 0.986 0.072 0.777
T T | T
Fx Re=4x10° i B/d=20 B/d=10
7,——7? Bav L/B=20 H/d=80 Exp o e Fy
12— v A A Fx ]
E theory (I)
< —_—
m&v’ theory (I)
“\L \ﬁ AL ’%"‘J
08 - = 5
T~ Fy
04 \
0
0 15 30 45 60 75 9
A(deg.)

Fig.11 Two components of the resistance (F,F,).
(Heading angle (B) #0°, theory ( I ); dead water
theory (8=o0), theory ( II ); dead water theory (d=o0) )
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Fig.19 The dead water model for the theory ( II ).

(2-D (d=o0) plate)
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M—19CRT LI CESDRVESLID 2 RTFR
CHARTTEEV O—KRis b7 2 HBEDMIF
¥, BHEREFEAEFLTEHEST Z L9,

- 1 __2xsin’B
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— 1 _ 2zsinfcosf
C“J%ﬁVZPVV“‘IIEEE‘ 2.7

INEM—19CRET LD, Cx,Cy RS t#
PB4

Cy=Cpcosf—C.sinB (2.8)
Cy = CpsinB+C.cosf (2.9)
s,
Cx=0 (2.10)
_ 2rsinf
Cy—__—4+7rsinb’ (2.11)

thb, TOREEH—201CRT & 5 2R EADE
BHEHT 5 &, fIFOEBTIL, BEBD 2 RTFR
WA/ 2+ THREVO—HHRNH 71 5BE0EHR

5o

Fig.20 The dead water model for the theory ( II ).
(2-D box-shaped vessel.)
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Fig.21 The experimental set-up for the
measurement of the resistance and

the moment in a rotaing arm tank.

97

MEEIEEOIES, € — X > ML, SO EHEALC
ERLZLO LE UEBBEHFER (KR X1.5m, 1&0.75
m) #AWT, YFFOMERIBARE (F#%6.0m, HAK
70.85m) I CTH—21CRT & 5 IS % fel 2 (5
EL, EES®TZOBICERSHA(x), BHH
(VDKFE2 HHRRETEE— X > MNN)2EEIL 72,

EEREEI, BK(4)% B/d TI0R1F200) 2 FE%E, 7K
EIXH/dT1.2, 1.5, 3.0, 8.00 4 BEIZ DWW TITL
> 1ze T DOMIRAL) R UHEEIEE(R) b R E
SRT, MBENHMEREEBRIICKDE I LT,
TR DR (V )1130.32m/s T—E & L7z,

BABR, AKF¥HHFy, Fy, RUEEE—X> +ND
EAEER—21HICRT Al E T 5,

BEEIRE DS, € — A > PIZDWLTHRTEIC TR
rEBmEIA(DCTCHERRA L, BRmeT LD
DERAREHETH > 7D TITR > Tk,

FERNEAROMIE, FTEICHT 28 SOREDEERIC
MY HEEIRIN 2R T LI THEEEZONE D
Dy

HE BT 2 8E0FREIZ
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Fig.22 Velocity components of the points on the
model surface.
( w ; angular frequency of the rotation.)
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B2 . Fig.23(a) The resistance component (F,).
= 0.44%{6&%03,8 . (§w> —6(RwcosB)? (L/B=2.0, H/d=8.0, L/R=1/2)

~yoa)—6Ra)cos,6’(yow)2*2(yow)3} (2.15)
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Lo T ]
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r 1.0 o e Exp —
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IS N2 IR BELNVEEATHD
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ooty

=0.88{ 3% Jsing+2-(32 )sin’

iz s (F = (L)eoss

(2.16)
Cx=(Fx+4Fx)/ 4p(Rw)Bd
o35 B
(3 (§os
- 2( ;}?0[2, >'(%)COSB—%( IJ?}QL )(%)} +%sinﬁ Fig.23(b) The resistance component (F ).
(2.17) (L/B=2.0, H/d=8.0, L/R=1/3)
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LIR=1/3 |

o
o
=30 0 30 Goﬁ(deg,)
¢ / L l [
Fig.24 The resistance component (F).
(L/B=2.0, H/d=8.0, L/R=1/2, 1/3.)
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B/d=20 B/d=10
L/B=20 H/d=80 Exp. © .
Cy <
[ I 74
-05 ;/.mwsjmmaﬂ
7 o
%
/ o
0 .
05 /R

Fig.25 The resistance component (F,)
vs the radius of the circulation (R).
(Heading angle (8) = 0°)

TR RO R X TIIBNE D ARIEE 1 b,
TDOBERIEZOLDL 0 b, RAR), FeE¥E
(R)YDEAL IR T B S (Fy ) DZALEE (it F T BHE )
B3,

(2.16) X %> &,

a—a%l o= 0445 & (2.18)
oCy B
07 B=00— *2'(I> (219)
(r=L/R)

—7i, XRKONCIE, BEMEICH L TRERRMIC K
AMNFREN TV 2,

ﬁg’ poo=1.47d/L (2.10)
%%iﬂﬂpwaL—4%> (2.21)

B—23(a), (b)F1izi3(2.18) K% —AgER T, (2.20)
ROAIL=1/40DBE X SR TR L2, H—259c ik
219AKDEE —SHERT, 2.20RDEEEKETE
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LT, (2.19), Q@ 2DAELCEREEL L -T2
7, #HERQ2.20DHH, BLITUNOBUNZTREN
FHLEBLTED, EBELO—HbL R,
BROBRLDOEDLY DEFEE— AV M(NNZIDWT
2, KEFE2 AN AEOEZ %2 T5 L,

—L/2 1 .
N:j:x ——70(Ra)smb’-i—xa))z-xd'()‘%a’x
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—B/2 1 2
—[y 70(chos,8—yw) vd+0.88dy

+f-yoip(chosB—yw)zyd-0.88dy (2.22)

B2 2

ErD, XY MEKCHIE,

Cv=N/go(Ro)L*d

=0.88{—%sin2,8 L(
x

7
_%(7%;)““3+%(51)2

e (1) - (5

-0l L/B=20 H/d=80 L/R=1/2 ]

B/d=20 B/d=10
L Exp o o

Cal,

\9\31& A (deg))
{

L/R=1/3

I
T
|

Fig.26 The yawing moment (N).
(L/B=2.0, H/d=8.0, L/R=1/2, 1/3)
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Fig.21(a) Examples of the measured resistance
components (F,) for various H/d and

L/R.



D, AOEATORHIILTTOHEERENE—A 2 b
FLTR (B—AYbEEZTOLLHELAORFLD
BEBE (E— AV PLN—) MKELIDHIZ), KELHE
ErkblepdiFond, Lizn-T, EEFEE—A
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CETAEREZDLEND S,
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HEAWT, BADOBEK(I)%EB/dTIORUV200 2 &
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Fig.27(b) Examples of the measured resistance
components (F ,)for various H/d and L/R.
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Fig.27(c) Examples of the measured moment
(N) for various H/d and L/R.
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— A M REECHETERIERARE2D(SIL%
BRI ELT, ¥PREEFoEs], T—x> b2k T
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Table 3 (a) Coefficients (co~c,)for the eiperimental formulae. (equation (2.24) )

B/d

H/d

Cco

Ci1

C2

C3

Cq

Cs

Cs C7

Fx./ 4 pBdV?

Cx=

20

12

1.4784

.9830

7.4090

—.6324 | —.9944

6.6476

—1.3832] —18.4866

15

1.3214

.0532

1962

1.6038 | —.8526

2.9458 | —

4298 | 1.6304

3.0

9248

—.2302 | 2.0110

2.0030 | —.2796

7336 | —

1922 | —4.7760

8.0

8932

—.3680| .2228

1.9322 | —.1448

—.7350 | —

.0340 1 —.9650

10

1.2

1.3472

4814

1.3340

—.2606 | —.9158

5.7768 | —

9694 | —2.2734

1.5

1.2860

—.1044 | 1.9318

1.4430 | —.5756

1.3902 | —

.3350 [—6.3302

3.0

.9560

—.2262 | 2.2462

2.5704 |— .4268

5792 | —

.2412 | —6.0194

8.0

1.0008

—.4342 | .3878

2.4838 | —.2308

—1.2316| —

.0408 [—1.6798

Table 3 (b)

Coefficients (a,~a,) for the experimental formulae.

(equation (2.24) )

B/d

H/d

ao

al

az

as

a4

as

as

1.2

0.0078

3.0638 | 0.9279

0.0677 | 2.9579

—1.1935|—4.0490

20

1.5

0.0039

1.8878 | —0.4458

0.1073 | 0.5256

—0.5216|—1.1820

3.0

—0.0003

0.8667 |—0.9056

0.3989 00.

1735

—0.0117|—0.0591

8.0

0.0066

0.5278 |—0.9057

0.3788 | 0.1881

0.0165

0.3620

Fy./ 4 pLdv?

Cy=

12

0.0040

2.4548 | 0.4406

—0.0316) 1.

4032

—0.9514| —1.9587

1.5

0.0013

2.1813 |—0.4124

0.1433 | 1.

1298

—0.7754{—0.1215

10

3.0

0.0004

0.9759 | —0.9424

0.6010 | 0.6205

—0.0839|—0.1131

8.0

0.0082

0.7218 |—0.9721

0.5806 | 0.2083

—0.0093|—0.1545

Table 3 (c) Coefficients (b,~bs) for the experimental formulae. (equation (2.24) )

B/d H/d bo b1 b2 bs ba4 bs bs
1.2 | 0.0001 | 0.4234 |—0.1428/—0.1158/—0.0120/—0.2723| 0.2862
B 2 1.5 0.0009 | 0.2590 |—0.2200| 0.0008 | 0.2134 |—0.1604| 0.0173
‘3 3.0 | 0.0004 | 0.1563 |—0.2074|—0.0138|—0.0935|— 0.0667| 0.2090
_|§ 8.0 | 0.0013 | 0.0947 |—0.1678} 0.0000 |—0.0422|—0.0435| 0.1653
\2 1.2 {—0.0003} 0.2778 |—0.1068)—0.0679) —0.0237| —0.1581] 0.0575
L”75 1 1.5 {—0.0001| 0.3130 |—0.2266|—0.0191|—0.0144|—0.1844| 0.2413
3.0 0.0000 | 0.1582 [—0.1958| 0.0123 |—0.0635{— 0.0685{ 0.0749
8.0 |—0.0777| 0.1031 | 0.1314 |—0.0060[—0.0638| — 0.0424|—0.5310




Cy=ao+ a8+ a7+ asf*y + aBr*+ asB*+ as7?
Cy=bo+ 018+ boy+ bsB2y + bufy* + bsB+ be?®
(y=L/RB:2Y7) (2.24)
BN2EECTEONIEREDEER—3ITRT,
Q20RLEOLHEDBEATYE NS, BRUNDES
FROLRER, T— XY MEEEC,OY,CVET
5&,
Cx'=cot 12+ cor’+ caBr +ciBy + csB7°
+ceB*+cry*—27sinf
Cy' = aotmB+ azy +asp’r+ a8y’ + asp?

+asy*+2y(B/L) cosf
Cv'=Cwn (2.25)
(2.25) AERAV2 &, BHFORNEDD 2 & THE
&7 B R IREE,
(2.26)
ﬁggL p=00= b1, ag; p=00= b2 (2.27)
80
60t —o— B/d=20
——a—— B/d=10
40t

201

-20
Fig.28(a) Coefficients (co~c;) vs H/d.
(The coefficients are determined by the
least square method so that the
formulae (2.24) are the well
approximation of the experimental
results.)
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Fig.28(b) Coefficients (a,~as) vs H/d.
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Fig.28(c) Coefficients (b,~bs) vs H/d.
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