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Abstract

The flow zone through propeller jets 1s wused in evaluating the
environmental and constructional effects of navigation on the waterways.
Water in this zone can go through the propellers but not all water in this
zone will go through the propellers. It relies on the characteristics of ships
and water depth. A numerical model using the momentum theory of the
propeller and Shield’s diagram was developed In a restricted waterway.
Equations for discharge are presented based on thrust coefficients and
propeller speed and are the most accurate means of defining discharge.
Approximate methods for discharge are developed based on applied ship’s
power. Equations for discharge are as a function of applied power,
propeller diameter, and ship speed. Water depth of the waterway and draft
of the ship are also necessary for the calculation of the grain size of the
initial motion. The velocity distribution of discharge from the propeller was
simulated by the Gaussian normal distribution function. The shear velocity
and shear stress were from the Sternberg’s formula. Case studies to show

the influence of significant factors on sediment movement induced by the



ship’s propeller at the channel bottom are presented. The first case is for
large ships passing through the navigation channel and berthing and
unberthing at container terminal at Kwang Yang harbor.

Eleven ships are considered, including naval ship, tanker and bulk carriers.
The second case is for the commercial moving tow and the barge. The
combined effects of the propeller jet and the wake flow a moving barge

are investigated.
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NOMENCLATURE

Propeller disc area

Sediment dilution

Sediment coefficient

Thrust load coefficient

Water depth, Diameter of particle
Mean diameter of particle
Propeller diameter

Diffusion radius of initial section
Rudder coefficient

Turbulence characteristic function
Force

Gravity acceleration

Water depth

Mass transportation rate of particle
Velocity coefficient
Von Karman constant
Thrust coefficient
Mass

Screw circulation rate
Engine power

Transportation rate
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b

Water quantity

Reynolds number

Energy gradient

Torque

Shear velocity

Bottom velocity

Water velocity at 1m above the bottom

Water velocity at random point

Initial water velocity

Velocity of ship

Distance from propeller to bottom
Dynamic viscosity coefficient
Shear stress

Fluid density( y=og)

Sediment density( y,=p, - g
Critical shear stress

Angle of repose
Sedimentation velocity

Sediment diffusion coefficient
Engine load coefficient
Efficiency

Erosion displacement

Bedload transportation function
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Suspended load transportation function

Total transportation function
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Fig. 2.1 Definition sketch of a ship in a confined waterway
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Fig. 2.6 Characteristics of the normal probability curve
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Incipient Velocity (cm/sec)
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T, o] TN AeEE px o AGEEH g = obdle] Sternberg
(1972) ¥2& o] &3t}

T, — 3X10 p UlOO (34)

U = 5.47x10"% Uy (35)

Table 3.1 Stone size in relation with bed velocity(after Prosser, 1986)

Stone size
Velocity(m/sec)
Mean size(dso) Mean weight(Ws)
1 44mm 0.12kg
2 175mm 7.4kg
3 390mm 84.0kg
4 700mm 473.0kg
5 1.1m 1.8tonnes
6 1.6m 5.4tonnes

Tl BFAW T AHAgA e AGSEHIY o] AYAES ot 9l
o] Shield Diagram< ©] &3} 2™, Shields =Wl A JAAAHE JAF =]

50%7F © 7heAAd AR SYAUREE Fsta ol & ATelAs Ad
ol AFAZE Zh2 A7)u Ajde] vEr] wjEel t9] Egizaroffs 4 (4,
1996)= A8kt
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JMVW =0 69( Dmﬂ) (3.7)
o] 7] A,

A-fEol F48 Hehs ojgdEH: y = thed v (Maynord, 1990).

Vool B )

A7IA, Beam~ VHA 2

1o
ol
el
o
T
Au)
Y
v

Fig. 379 FelddolA S AFoz 3AlE Awe] Swst= 4399

Zow 4 (38)% WA + AUt
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Vid/Vw = 0.69CDEFPTH/DRAFT

Vbd. WV
(e
4.

4

DEFTHADRAFT

Fig. 3.7 Near-bed maximum displacement velocity

%j =0.69(%§§%)_1'21 (3.9)

ol st oQld FHe AW HAEHEE oy 2ol AA gt (Fuehrer,
Romisch & Angelke, 1981).
1% H,\ !
bIr/I;aX :E<5§) (1—V,/nD,) (3.10)



E =A% A=+

H, = ARIA Z2ae S0 A
D, = ZzAee 47
v, = Adel tg Auke] g H=

p - TRAe 27 Jd%E
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o,
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1o,
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i
X
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<o)
O
x
il

Ex Zzadefeld gte] $1A
AAE Faaf ddded dlsl Kort nozzled}t T4 E Wale] AdAS EE

0.58= A&, TYEPLA e kAl AnFej(upx g Lo] TS84 &

’

_ 113 | Thrust (3.11)

Thrust = Propeller thrust per propeller (Toutant, 1982)
Open Wheel Type : EP,=23.57THP""™ —2.3(S)*(HP)"®
Kort Nozzle Type : EPy=31.82HP""" —5.4(9*(HP)"®
D, = ZEIAHAES] 27] A4

= "

ofr

p:
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D V.~ V, D
Vrop, o= ﬁj)ngn( 7 ,ﬁj) (3.12)

1.81
V i, o 025) =078 S ) 7, v (3.13)

Ve, g( max) = Ve, A max)+ V. oot (3.14)

A

Vi = FROFEOIA Q] B f

A7 A FAT He A MFF F5 AHe] FANAEY HArhfaA A
of §JXx3t#] =tk A olth(Verhey, 1983).
Fafse AvAe 7L - M el

A

—

ot
palt
o

Fall Al el Q1A
LBARGES = WA 9] 40|, » = iAo dAgholxe] AR Ao
Hl—/Kg?S

Hp/ =(x— LBARGES— TBL)=0.1°] #1214 A3t}
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Vo (05 WHAAS] Al AR Aol e ERAM v, ()
of ArjAe Eoa}
A9, BAE FREA DAG] Qv FRfEe] A5 e} 2ol 4

o] k.

TEE Bt

rr

O LBARGES<x<I.BARGES+ TBL

Vwake, g(X) = Vm, a(M)LL%EG&S + Va(bott) (315)
@ xy LBARGES+ TBL
V e o0 = Vi, o(100x) (140.0075 25 —0 o075 = LIARCES Yy, - (3.16)

S A e whA B4 oF 133W) HE AA WEFEES} 008 2ddd

ol Aol p,, (0% A (B14), 4 B15)E 47 A

= A

[e]
na H

2
M
)

(3.13)ell thdste] vh5o FAHES A dh

D V..V, D
Vyes.e= Viop, o T Viaio, (%) ZE(ﬁj ) Vy’n(ﬁg , T{j) + Ve, (%) (3.17)

A71M  x=[ (towboat length) + (barge length) + (H,/0.1)]1°1 T+,

N FEE Ao AYd dFe] YeT WAT ol AB0)S FIAF
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Ao, I i e 2

V,~V, D V=V, \(Dp\"
fn( v, "H, ) =1—cfunc a 7 )( Hp) (3.18)

olw, Kort nozzlex cfumc =0.25, Open wheeldll X = cfume =0.5°] T}

M Fupe] gJede tpgo Fuhdw gol F Ao oz o)A
5, ool AN Ao AGAREEREd g AFAS Fee
s Hed, A 1 e AFRA A F Aol ERsF 9FEA 2w g
SIEE T EEEE 2 o

Jo| Aol HAr) BAF &

END OF ZONE 1
FOR Dp/Hp =1

TRNSITION ZONE WHERE
VELOCITY =VELOCITY AT
ZONE2 ‘ END OF ZONE 1
- - RUDDER
‘ TOWBOAT

HULL PROFILE ON PROP AXIS

LOCATION OF MAXIMUM
JET VELOCITY IN ZONE 1

INITIAL 12 DEG JET ANGLE OFF INSIDE OF RUDDRES
I I I I I I I I I I
| 5 0 HULL PROFILE ON
0 SIDE OF VESSEL
Xp/Dp

Fig 3.7 Zone locations for tunnel stern configuration and velocity distribution

@D Zone 1

L) ) 91 (p/ D)) O (3.19)
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@ Zone 2

V(x%mx =1.45 (xb/Dp —0.524 (320)

Fuehrer, Romisch, Engelke(1981)2] =& Ao o]t Ao wmp=1d

B
=

e 5N E mrdy FozRE 279 4l Aol of
A gah xol dAeE Aow YExton o A Asr A=
= R o8 o 127t R, ofe) % wgon wAXA At

A
YA ole)E WFOE 1227 Hrl BALFEo] EWe] =@ A7
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23

Ho A g2 2 A FolM7E obd A FHEmFujel o EA st
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W HUFES ddgEHe 5SS el = d o] 8H 1t (Verhey, 1983).
A FHo AESH ()2 ARFEe] #A= ted 2t (Maynord,

Z.Peak:]-/zlocfs( Vshearcalc)z (321)

7NN, CE mhAAGelE AWATE e FAle] QoA wx Hvh HH
AFRE wesHE Hol ok wp A fAe 9w wed

Wake flow({fift)ol]l e ¢ o 282 ddde] fde ZzAde AE9]

S

Lo
A

S0l EAsA & Wl Atm £4 o AAdn ¢ F 0.02RY 2 #
& &S Aol el o HE&HoAdT A Ao v, S WS
" F27] 3He Ho dw-3H S Garcia. et al.(1988)°1 4 Open wheelell A}
&9 s g2 A&

1) Return Velocityell 93t A™ A 3=

Return Velocity( )2 ¥Wi7F =25 7t24dd 7l &< il 2AsHA o
=, A& Astel] o] F¥ EFo] fl& AFode s 2ol A I
Ao thste] AAZAA HAst= EFol thak WP R ALgT o 7] A
xbl= BAS T2 ARl Agolal, K= 3Dy 0 EAUA] ==
£ UEdit

r=1/2C,0U- (3.22)
o714,
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of A& AHg3th o714 2 0.0118~0.0148<]

e

delXMe] dsiA 2+ v
CERIES

Cyon= C, ( depth] draft) *® (3.26)

t}52] & o]&3H(Garcia et al. ,1998).

1=

2
ro
2
(il
lo
B
=
o
4>
rﬁ
01
rlo

rru(eak) = Cy V2, exp ( Q% ) (3.27)

A7 C=0.9%5~4.8, C=4.46~5.4°IF,

3) AW ZZo e A-ss W
Garcia et al.(1988)] 2J3] FEHo ZE A S8 42 57
e} Aol digh Hor FETgHor A AHE 7HX dFH A=

stojof gt wizme e AWMAANAN =HuEAFE T35

NAE 245

olefj ¢} 7t} (Schlichting, 1968).

=0.37(logR,) ™ (3.28)

oA7IM, R, = &% xbl/v

AR We] @S ¢, Thee] BAA o RRE TR

fad

g =7.89 %" (3.29)
s
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Fig. 4.1 Location map of waterways and berths at Kwang-Yang harbor
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Table 4.1 Characteristics of ships maneuvered in Kwang Yang navigation channel

: ; Draft Speed & RPM | Depth Thruster
Ship Ship Type Weight LOA Be.am | :
Name (DWT) Width| Bow |Stern Waterway Type Dia.

12.0kt RIGHT HANDED

1] SUNWAY | IPG | 489%0ton| 230m| 36.60m| 940m| 9.40m . 3] S FATOED ) 720m
HANSIN ] ] 1450kt _ | rigHT HANDED

2 | qranopgag|CONTAINER]  5075200n| 5930m| 3220m| 905 920m e 25m] S AR g om
HYUNDAI 1370kt _ | rigHT HANDED

3 | pepupic CONTAINER| 3o 30im| 4000m| 830 115m— 25m) S AR 8 m

16.0k _ /] /

4] Yeosu | Naval 1200ton| 884m|  10m| 20m|  8ml L0k 15m| TVINSCREW | o

1.200rpm TYPE(CPP)

5. K OBO | 207874ton| 312m|  50m| 1801m] 1801m— 2 90 5rp| MGHT HANDED |- o |
CAMELLIA 6drpm SINGLE SCREW
GLOBAL | CHEMICAL 10kt RIGHT HANDED

6 4187ton| 99.82m| 164m| 45m| 49m 6.0m 3.45m|
EXPRESS TANKER 135rpm SINGLE SCREW

. 115kt *

71 UNECONTAINER| 16858ton| 1626m| 2280m| 62m| 75m 45| RIGHT HANDED | 5 1
MASTER 100rpm SINGLE SCREW
SINOKOR 119kt

8 CONTAINER| 1199ton| 1375m| 200m| 63m| 49%m 145m| PGHT HANDED | (g
TIANJIN 110rpm SINGLE SCREW

127kt :

9 | H. OSAKA [CONTAINER| 88%9ton|12357m| 1850m| 7.16m| 741m 45| TGHT HANDED ) o

120rpm SINGLE SCREW

10| TEAM 1 paNKER | 48338ton| 1822m| 52.2m| 11.90m] 1190ml— KL 13 1m| FGHT HANDED | 26,
JUPITER T8rpm SINGLE SCREW

OPAL 9.9kt IGHT HANDED

11 TANKER | 99991ton| 2468m| 42.0m| 1227m| 12.27m 205m| 720m

QUEEN B4rpm SINGLE SCREW

2) A} L B

ol Ae] 77] e duel pAw Aue oA el vpg go
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&S Yeded &7 180ImE 2 7] witel ol s AN AV AAH
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z
N
>
o,
ox
=
X
o
il
N
N
R=)
Mo
=2,

=9 olEF2 79 Atk o= E7ol ¢
e A 3ol

2zt g2 Adubel tis HH=ol ofFsts SAAAAL= Fig. 43(b)l A
23 wkel o of 7)ol W= mpe} o] HAE ol FAdAATI= F

_63_



of wel 71t o] Z1E A

7

12D°A A7t =

7] o R x=D~x

5D~x=7DNA =7}38lth7t 1 o]

x:

=

9} Team Jupiter

<

Global Express

)

A,
=
=

%]

SRS

FARAATE HE =

ksl

Aatol A H oy

]

(e}

717

14 9} <)

9|

obg-2] 4179}

HA 2

]

x=12D° 913

ol Aol

ol

KeR
T

CEEREE

-
R

o] &l

AHI AA e kA0l 08 < R/D < 1.0 ¢

b g

Ag S

=13
=

70 A el

Ok
= °

#Abe] ool v

it

R/D>2 <

l

gAY el Aom 7

Fig. 44 ~ Fig. 49 %%
el 3L R/D=0531 =) A ol A]

A2

2

el
ojn

R

gPN F4 2 E

o]

kA, Fig. 410 ~ Fig. 4.15

!

Mo

SR

L=NYe)
o

, Team Jupiters

<

%, Global Express

vlel o] K. Camellia

_64_



Table 4.2 Summary of simulation in terms of maximum velocity and grain size

. Draft Location of Max. Bottom| Max. Bottom | Max. Grain
No. Ship Name Draft . . .
/Depth Velocity Velocity (m/s) size(m)
1 SUNWAY 9.4 0.3133 UNBERTHING | D=12 1.14 0.259
HANSIN
2 9.2 0.3680 BERTHING D=12 0.988 0.193
SHANGHAI
HYUNDAI
3 11.15 0.4460 BERTHING D=10 1.44 0.408
REPUBLIC
4 YEOSUHAM 3.1 0.2067 BERTHING D=12 2.88 1.64
5 K. CAMELLIA 18.01 0.8004 UNBERTHING | D=9,10 3.18 2.01
6 |GLOBAL EXPRESS| 49 0.8167 WATERWAY | D=6,7 0.420 0.349
7 UNI-MASTER 75 0.5172 UNBERTHING | D=12 1.11 0.246
8 |SINOKOR TIANJIN| 4.95 0.3414 UNBERTHING | D=12 0.364 0.0262
9 HEUNGA OSAKA | 741 0.5110 UNBERTHING | D=12 0.77 0.117
10 TEAM JUPITER 11.9 0.9084 UNBERTHING | D=1 6.75 9.01
11 OPAL QUEEN 12.27 0.5453 UNBERTHING | D=12 0.896 0.159
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4 N
CASE 3 (WATERWAYY)
—————6—————— HYUNDAIREPUBLIC (Type : Container, Length : 304m, Draft : 8.30m, D : 8.7m, Weight : 74373DWT)

————FHB————— HANSIN SHANGHAI (Type : Container, Length : 289.50m, Draft : 9.05m, D : 8.0m, Weight : 50792DWT)
—+———— HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.16m, D : 4.30m, Weight : 8889DWT)
——4——————— SINOKOR TIANIJIN (Type : Container, Length : 137.5m, Draft : 6.3m, D : 4.16m, Weight : 11998DWT)
——V————— UNI-MASTER (Type : Container, Length : 162.6m, Draft : 6.2m, D : 5.10m, Weight : 16858DWT)
————O———————— SUNWAY (Type :Tanker, Length : 230m, Draft : 9.40m, D : 7.20m, Weight : 48980DWT)
—B———— GLOBAL EXPRESS (Type :Tanker, Length : 99.82m, Draft : 4.5m, D : 3.45m, Weight : 4187DWT)
——24&——— OPAL QUEEN (Type : Tanker, Length : 246.8m, Draft : 12.27m, D : 7.20m, Weight : 99991DWT)

— X K.CAMELLIA (Type : Bulk, Length : 312m, Draft : 18.01m, D : 8.7m, Weight : 207874DWT)
———————&—————— YEOSUHAM (Type : Battleship, Length : 88.4m, Draft : 2.9m, D : 1.5m, Weight : 1200DT)
\4’7 TEAM JUPITER (Type : Tanker, Length : 182.2m, Draft : 11.90m, D : 5.9m, Weight : 48338DWT) /

(a) Bottom velocity

5
CASE3(WATERWAY)

T 4
=
o
o
=}
|
=
>
=
=}
=
[
=]
&

(b) Bed shear velocity
0.25

o
[}

<
—
(9]

CASE3(WATERWAY)

SHEAR VELOCITY(m/s)
b o
v —_

Fig. 4.2 Bottom flow velocity and bed shear velocity in waterway
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0.06

SHEAR STRESS(N/m?)

GRAIN SIZE(m)

0.04

0.02

w

[\S)

—_

~N
CASE 3 (WATERWAYS)

HYUNDAI REPUBLIC (Type : Container, Length : 304m, Draft : 8.30m, D : 8.7m, Weight : 74373DWT)
HANSIN SHANGHAI (Type : Container, Length : 289.50m, Draft : 9.05m, D : 8.0m, Weight : 50792DWT)
HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.16m, D : 4.30m, Weight : 8889DWT)
SINOKOR TIANJIN (Type : Container, Length : 137.5m, Draft : 6.3m, D : 4.16m, Weight : 11998DWT)
UNI-MASTER (Type : Container, Length : 162.6m, Draft : 6.2m, D : 5.10m, Weight : 16858DWT)
SUNWAY (Type :Tanker, Length : 230m, Draft : 9.40m, D : 7.20m, Weight : 48980DWT)

GLOBAL EXPRESS (Type :Tanker, Length : 99.82m, Draft : 4.5m, D : 3.45m, Weight : 4187DWT)
OPAL QUEEN (Type : Tanker, Length : 246.8m, Draft : 12.27m, D : 7.20m, Weight : 99991DWT)

K. CAMELLIA (Type : Bulk, Length : 312m, Draft : 18.01m, D : 8.7m, Weight : 207874DWT)
YEOSUHAM (Type : Battleship, Length : 88.4m, Draft : 2.9m, D : 1.5m, Weight : 1200DT)

TEAM JUPITER (Type : Tanker, Length : 182.2m, Draft : 11.90m, D : 5.9m, Weight : 48338DWT)

J

(a) Bed shear stress

ASE3(WATERWAY)

4 6 8 10 12

X/D

(b) Critical grain size motion

CASE3(WATERWAY)

4 6 8 10 12

X/D

Fig. 4.3 Bed shear stress and critical grain size of motion

_67_



X/D=1
— — — - X/D=2
— e X/D=3
-— =— =— = X/D=4
X/D=5
— = X/D=6

0.8

0.6

— = e X/D=10
- X/D=11
X/D=12

V/Vo

0.4

1 CASE3(TEAM JUPITER) | |

0.2 \

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

— T T
1 CASE3(HEUNGA. 0) | |
D) X/D=1
A\ — — — - X/D=2
——— - — X/D=3
— — — - X/D=4

0.8 \:

\
\
X/D=5
I \\ —— - xD=6
-~ S _— X/D=7
0.6 = — - x/p=8
Zc [ - \\% - X/D=9
- — N ——— - — Xx/D=10
2. N — |
0. N — x/p=12
\\ \ AN N o~
\ <SS SG-
0 N
’ ~ \s\\
A \ ~ S T

(]

Fig. 44 Relative velocities versus distances from propeller (1)
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1 CASE3(GLOBAL EXP.) | |
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Fig. 4.5 Relative velocities versus distances from propeller (2)
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1 CASE3(HYUNDAIR) | |
o~ NN X/D=1
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Fig. 4.6 Relative velocities versus distances from propeller (3)
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B — —
1 CASE3(SINOKOR) | |
—_—C X/D=1
NN\ — — — - X/ib=2
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Fig. 4.7 Relative velocities versus distances from propeller (4)
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CASE3(OPAL QUEEN)
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Fig. 4.8 Relative velocities versus distances from propeller (5)
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CASE3(YEOSUHAM)
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Fig. 4.10 Velocity distributions sternward of the propellers (1)
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Fig. 4.11 Velocity distributions sternward of the propellers (2)
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Fig. 4.12 Velocity distributions sternward of the propellers (3)
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Fig. 4.13 Velocity distributions sternward of the propellers (4)
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Fig. 4.14 Velocity distributions sternward of the propellers (5)
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Table 4.3 Characteristics of ships maneuvered in Kwang Yang container terminal

Ship T Tonnage LOA Beam Draft Speed Water Propeller
Name e ow) Width | Fore | Ait | RPM | Depth Type Dia.
120kt RIGHT HANDED

| SUNWAY | LRG| 8%80um| 20m| %fm| 0dm| Qim0 ) s sy | 2
HANSIN - 1450kt RIGHT HANDED

2 | g [CONTANER| - 50782n| 2050m| 220m| 90Fm| 920mf— X B oerp s | 0
HYUNDAL T 1370k RIGHT HANDED

3 REPUBLIC CONTAINER| 74373ton|  304m| 40.00m| 830m| 11.15m S0rpm 25m SINGLE SCREW 8Tm

A YeoS Navl 12000n| 84m|  10m| 20m| 31m—L0%L 5| VN SCREW 1

[V n X I . Im m Oom
! ¢ A0 1200rpm TYPE(CPP)

5 . K 07%ton|  302m|  H0m| 180Im| 1801m|—LKL | DGHT HANDED |
caviera | OBO ffton) - olam e ™ SNGLE scew | O
GLOBAL | CHEMICAL 10kt RIGHT HANDED

6| pxpmiss | Taxqm | 5| Bm loin 45 At 600 e ccpgw | BT

71 N JoONTANER| 16858ton| 1626m| 2280m|  62m|  75ml— LKt 45| GHT HANDED | =
MASTER coston) e 2 A o M SINGLE SCREW | >
SINOKOR _ 11.9kt RIGHT HANDED

CONTAINER| 1198ion| 1375m| 200m| 63m| 49%m|—L: 145 416

81 g i M N Orpm "™ SINGLE SCREW m

9 | HA OSAKA |CONTAINER|  88%9ton| 12357m| 1850m| 7.16m| 7Alm|— 20 45| GHT HANDED | -

S Bt A m M SINGLE SCREW |
OPAL 99Kt RIGHT HANDED
TANKER
10 QUEEN 99%1ton| 2468m| 420m| 12.27m| 12.27m 4o 22.5m SINGLE SCREW 7.20m
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CASE 1 (BERTH)

HYUNDAI REPUBLIC (Type : Container, Length : 304m, Draft : 11.15m, D : 8.7m, Weight : 74373DWT)
HANSIN SHANGHAI (Type : Container, Length : 289.50m, Draft : 9.20m, D : 8.0m, Weight : 50792DWT)
HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.41m, D : 4.30m, Weight : 8889DWT)
SINOKOR TIANJIN (Type : Container, Length : 137.5m, Draft : 4.95m, D : 4.16m, Weight : 11998DWT)
UNI-MASTER (Type : Container, Length : 162.6m, Draft : 7.5m, D : 5.10m, Weight : 16858DWT)
SUNWAY (Type :Tanker, Length : 230m, Draft : 9.40m, D : 7.20m, Weight : 48980DWT)

GLOBAL EXPRESS (Type :Tanker, Length : 99.82m, Draft : 4.9m, D : 3.45m, Weight : 4187DWT)

OPAL QUEEN (Type : Tanker, Length : 246.8m, Draft : 12.27m, D : 7.20m, Weight : 99991DWT)

K. CAMELLIA (Type : Bulk, Length : 312m, Draft : 18.01m, D : 8.7m, Weight : 207874DWT)
YEOSUHAM (Type : Battleship, Length : 88.4m, Draft : 3.1m, D : 1.5m, Weight : 1200DT) /

(a) Bottom velocity

5
CASE1(BERTH)
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o
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Q
=]

(b) Bed shear velocity
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Fig. 4.16 Bottom velocity and bed shear velocity at berth(berthing)

CASE1(BERTH)
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4 N\
CASE 1 (BERTH)

——<9——————— HYUNDAIREPUBLIC (Type : Container, Length : 304m, Draft : 11.15m, D : 8.7m, Weight : 74373DWT)
—B————— HANSIN SHANGHAI (Type : Container, Length : 289.50m, Draft : 9.20m, D : 8.0m, Weight : 50792DWT)
—+————— HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.41m, D : 4.30m, Weight : 8889DWT)
—— 49— SINOKOR TIANJIN (Type : Container, Length : 137.5m, Draft : 4.95m, D : 4.16m, Weight : 11998DWT)
———V¥————— UNI-MASTER (Type : Container, Length : 162.6m, Draft : 7.5m, D : 5.10m, Weight : 16858DWT)
—©——— SUNWAY (Type :Tanker, Length : 230m, Draft : 9.40m, D : 7.20m, Weight : 48980DWT)
—M———————— GLOBAL EXPRESS (Type :Tanker, Length : 99.82m, Draft : 4.9m, D : 3.45m, Weight : 4187DWT)
——4A————— OPAL QUEEN (Type : Tanker, Length : 246.8m, Draft : 12.27m, D : 7.20m, Weight : 9999 1DWT)
——X————— K. CAMELLIA (Type : Bulk, Length : 312m, Draft : 18.01m, D : 8.7m, Weight : 207874DWT)
\$ YEOSUHAM (Type : Battleship, Length : 88.4m, Draft : 3.1m, D : 1.5m, Weight : 1200DT) /

(a) Bed shear stress

0.06
CASE1(BERTH)

0.04

0.02

SHEAR STRESS(N/m?)

(b) Critical grain size motion

CASE1(BERTH)

GRAIN SIZE(m)
[ ()

Fig. 4.17 Bed shear stress and critical grain size motion at berth(berthing)
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4 N\
CASE 2 (UNBERTH)

———+—————— HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.41m, D : 4.30m, Weight : 8889DWT)
———4——————— SINOKOR TIANJIN (Type : Container, Length : 137.5m, Draft : 495m, D : 4.16m, Weight : 11998DWT)
——V————— UNI-MASTER (Type : Container, Length : 162.6m, Draft: 7.5m, D : 5.10m, Weight : 16858DWT)
——©—————— SUNWAY (Type :Tanker, Length : 230m, Draft : 9.40m, D : 7.20m, Weight : 48980DWT)
—B———— GLOBAL EXPRESS (Type :Tanker, Length : 99.82m, Draft : 4.9m, D : 3.45m, Weight : 4187DWT)
———&——— OPAL QUEEN (Type : Tanker, Length : 246.8m, Draft : 12.27m, D : 7.20m, Weight : 99991DWT)
——X——— K. CAMELLIA (Type : Bulk, Length : 312m, Draft : 18.01m, D : 8.7m, Weight : 207874DWT)
\$ YEOSUHAM (Type : Battleship, Length : 88.4m, Draft : 3.1m, D : 1.5m, Weight : 1200DT) /

(a) Bottom velocity

CASE2(UNBERTH)

BOTTOM VELOCITY(m/s)

(b) Bed shear velocity

0.25

CASE2(UNBERTH)

(=)
IS — o
—_ (9} [\S}

SHEAR VELOCITY (m/s)
S
P
W

Fig. 4.18 Bottom velocity and bed shear velocity at berth(unberthing)
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CASE 2 (UNBERTH)

———+—————— HEUNGA OSAKA (Type : Container, Length : 123.57m, Draft : 7.41m, D : 4.30m, Weight : 8889DWT)
———4——————— SINOKOR TIANJIN (Type : Container, Length : 137.5m, Draft : 495m, D : 4.16m, Weight : 11998DWT)
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Fig. 4.19 Bed shear stress and critical grain size motion at berth(berthing)
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Fig. 4.20 Relative velocities versus distances from propeller(berthing, 1)
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Fig. 4.21 Relative velocities versus distances from propeller(berthing, 2)
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Fig. 4.22 Relative velocities versus distances from propeller(berthing, 3)
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Fig. 4.24 Relative velocities versus distances from propeller(berthing, 5)
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Fig. 4.26 Relative velocities versus distances from propeller(unberthing, 2)
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Fig. 4.34 Velocity distributions sternward of the propellers(unberthing, 1)
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Fig. 4.35 Velocity distributions sternward of the propellers(unberthing, 2)
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4.2.1 dZA

=
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dugagd o AR FueA £BFA Avte ARz BRan
TRy AFoA= Flume % A¥bs 1:259] %3 & AFE-sES tH(Maynord,
2000). FAEHL AP gAY Fx17] FEIQ! Kort nozzle?}t Open
wheel= i3kl FASIG oY FRFE, &5, A%, 27|7%, thrust 5°
S CEEEE
Table 4.4 Characteristics of towboats and barges
Velocity
Va7 ..
. ) L.O.A |DRAFT Thrust, exiting
Ship Type Ship Name (m/sec)
(m) (m) (newtons) | propeller
Vs, (m/sec)
(KOI“[TEOP;EZ:leAship) 52 55 0.29 351,500 55
. TYPE B . 52 55 0.38 390,000 5.8
Foreign (Kort nozzle ship)
Physical (Korthi};eCShi ) 52 55 0.29 377,000 8.0
Model Ships TYPE D D
(Open wheel ship) 52 55 0.55 360,000 7.8
Test Barge 258 4.6
D-WONHO 32 2.5 0.29 9697 2.80
(Open wheel ship) ) ] '
J.JINHO
Domestic (Open wheel ship) 26.95 2.8 0.29 22,255 1.89
Real Ships S202H0 215 | 25 | 029 9697 2.80
(Open wheel ship)
DB99HO &7 45
(Barge) '
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TYPE A(Physical model)
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Fig. 4.38 Comparison of velocity distribution for physical model and numerical

model(TYPE A-Kort nozzle ship)
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Fig. 4.39 Comparison of bed shear distribution for physical model and
numerical model(TYPE B-Kort nozzle ship)
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Velocity(m/sec)

TYPE D(Open Wheel Towboat)
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= =—— 3.0m from Tow Centerline
——— = — 6.0m from Tow Centerline
=—— = - 9.0m from Tow Centerline
—— =—— 12m from Tow Centerline

U — 15m from Tow Centerline
\ — =— — = 18m from Tow Centerline

(=)

-2
-50 0 50 100 150 200 250 300 350 400 450

Time Relative to bow(secs)

Fig. 4.40 Velocity distribution for time relative to bow by experimental data
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Fig. 4.41 Velocity distribution for time relative to bow by real data
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Fig. 4.42 Velocity distribution for time relative to bow by real data
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Fig. 4.43 Velocity distribution for time relative to bow by real data
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Bed Shear(N/m?)
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Fig. 444 Bed shear distribution for time relative to bow by experimental data
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Fig. 4.45 Bed shear distribution for time relative to bow by experimental data

- 112 -



Bed Shear(N/m?)

Bed Shear(N/m?)

S202HO(Open Wheel Towboat)

40 T T T
0.0m from Tow Centerline
= —— 3.0m from Tow Centerline
——— = — 6.0m from Tow Centerline
= =+ 9.0m from Tow Centerline
30 = = 12m from Tow Centerline
———  15m from Tow Centerline
= = =— = 18m from Tow Centerline
20
10
-50 0 50 100 150 200 250 300 350
Time Relative to bow(secs)
Fig. 4.46 Bed shear distribution for time relative to bow by real data
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Fig. 4.47 Bed shear distribution for time relative to bow by real data
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Fig. 4.48 Bed shear distribution for time relative to bow by real data
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(a) 2200rpm jet with the sediment at 5.74D
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[
T
X=17.2D
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8.2D— 2200rpm depth=4.33D
9.8 C=0.73D
115 Sand No.2(d50=1~2mm) Vxr =0.065m/s

Verit = 0.045m/s
(b) 1800rpm jet with the sediment at 5.74D

-

D= 61mm, 3blades Jet slipstream

Max.scouring

8.2D—  1800rpm depth=3.84D
9.8D C=0.73D _
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(Remark : 1500rpm = 1.691m/s)

Fig. 4.49 Scouring pattern for 3blades propeller jet
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Fig. 450 Scouring pattern for 4blades propeller jet
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Fig. 451 Variation of scouring depth( ¢) in terms of clearance distance( ¢)

with respect to time( £)

- 118 -



5.00 — -
4.00 —
l 3.00 — /> X — 800rpm : € = 21.86[In(t)]**
500 - o — 600rpm : & = 12.28[In(t)]""’
o — 400rpm : £ = 4.99[In(t)]"*!
1.00 — i/
0.00 I I | [ I !
0.00 3.00 6.00 9.00 12.00 15.00
In(t)
(a) sand one (d50 : 0.5~1mm), clearance=0.64D
(Remark : 1000rpm = 2.87m/s)
D = 154mm, 4blades :
5.00 ' -
-
4.00 —
3.00 —
X — 800rpm : & = 22.38[In(t)]**®
2.00 — © — 600rpm: € = 11.0[In(t)]""’
o — 400rpm : € = 4.21[In(t)]"*
1.00 — /
i
0.00 —H. I | [ I !
0.00 3.00 6.00 9.00 12.00 15.00
In(t)

Fig. 452 Variation

(b) sand two (d50 : 1~2mm), clearance=0.64D
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with respect to time( )
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