[ UCI]1804: 24011- 200000234073

20074 23

A

OH
X

oF
ol

oL
ol

E
ol

g
K

=
ol
[0
o0
TS

ol
]



MY NN YRS NS
01

An Experimental Study on the Development
of Appendages for the Improvement of Ice Induced
Resistance in lce Breaking Ship

20078 28 25¢



o0

Ild
Hl

R0
<

ok
ol

X

ol
M0

ofn
Ild
Hl

2006 103

o~
ol

=
ol

d
K

e
ol
[0
o0
o)

ol
g



010

-t

ol

S
E

3
ol

]
Kd

-t

KO
or
ok

w w= 0 A =+

ol

w 1= |gor Shugan

ol
=0

d
Kd

k=

2006

4
ol

E
ol

d
K



AN M~ (o> o))

11
v
Vi
1X

1
2
2
13
14
17
17

.17
19
19
19

.. 20

SRR

R R A ]

(/[

KO 2ok s . | I X0

P Por -

= L A A

o= ia Digr 2 MG o: i iWW
. IR

ol ol 1l ol = ‘%0 0of I MD_MQ __Mi

__oo.moxo

= 3 0k

— AN ™M

(==]
-/
C8 BreaKer) . v e eeeeeeeeeeeeeeeeeearananannns

|

|

|

gt

2

!
e
i
i
i
g
o
d& e
gd...........
FEHSl 2

20

vl
™ XJ
N

_l

1.1 2 (

1
3.1 B8d.............
3.2 Nlgsx...........
3.3 EE§§/d§§....

C W
o
or w0
3

g
H3& U

NOmENC I atUI S . ..ot
ADStract. . .o



H4Z YUHE 24 2O HE s 45
T =D X - 45
4.2 Reamerl HAHl....ccovnininiiiiiie 50
4.3 LUHH A Reamer BE&HEE HE LS
BoIZ2 SISt REAIE............ ... 53
T = e 53
e =~ N = N 55
4.3.3 2EAE B EA e 57
4.4 LAl A0lA Reamer 2XEE HEHds &S
A8t BEANE . ... 58
4.5 YXE 2AAE |ce Separating Blade(ISB)IHE... 59
RIS B .. 63



w0
0

15

AL =L

=2 2-1

21

M

Kk

X

_I

S
=3

X
oK

T
a

H 3-1

21

CHTHAEHOII A

2 3-2.a

22

Zot&E oA M

H 3-2.b

22

(BFRLKW) .

H

b= Hlu

o
o
Ok

ok

U
4dr

H 33

49

Ol JHX g =

T 41

56

BHRH 2 EH Ofl A

2 4-2

56

(SHRAKW)

T 4-3

. 58

E

0kl
IH

= o
D

Jo

M
S

00

o M

LI AER CHH| Reamer =&

T 44

59

L& aHER CHEI 1SB

T 4-5

. 60

E

]
I

D

Jlo

00

4-6

w3



1-1

[=] 2_1

2-?
2-3
2-4

2-6
2-7

= 2-8
= 3-1
g 32
= 3-3
g 34

3-6
3-7
3-8
3-9
3-10
3-11
3-12

g 3-13
= 3-14
g 3-15
= 3-16
= 3-17

3-18
3-19
3-20
3-21
3-22

g 3-23

nus=s
JNESEZY S0 S .
MYMO Yol R
MY MO M A
=200 =80 SHE0 0IXs .
M szt 2eE 2 (angle) 2l &2
M A & A
Aol B0 M2 L/B2 A . ...
A B
O A
Sl Sl
R K
THUED BT NS
BRSH A (Cr) oo
AHAMEH A (CR) e
Sa0tE LB (SRKN) ..o
OHTHALEHOI A THEZEAE (TIKNOT) ..
OFTHAEHOI A T2 EAIE (TIKNOT) .o
OHTHAEHOI A THE ZE A (12KNOT) ..o
OFTHAEHOI A IS 2R AIE (12KNOT) .o
OFTHAEHOI A TS 2PEAIE (18KNOT) .o
OHTHALEHOI A THE ZEAIE (1BKNOT) ..o
ZOAEHOAN ME2AEAME(TKNOT) oL
SOIAEHOIAN MHEZEAE(TIKNOT) .o
SOIAEHOIAM MHEZEAE(12KNOT) .o
ZOAEHIAN ME2AEHAME(12KNOT) oo
SOIAEHOIAM MHEZEAE(13KNOT) .o
ZOAEHOIAN ME2AEAME(IBKNOT) oo
HESTUHM ASTHE .
OHHAEIOIN SEZEAME(E) .
OHHAEHOIM SEZEAE(E) .
OHTHAEHOIA SEZEAIE (S0 .. o
OHTHAEHOIA SEZEAIE (M0 .. o
A0 FRAQ SHEEE .



[=] 4_12

= 4-13

21 4-14

[=] 4_15

Reamer Type 1. .

Beamer TYPe 2. . .

Reamer Type 11}

H
ogr
X

Reamer Type 12 S &¢&t

H
o
x

Reamer Type 2 S &&t

Reamer Type 1 2= Mol DHIHAEHUAS WEH(12=E)..............

Reamer Type 2 2= &9l SHIHAEHUAS M (12=E)..............

Reamer Type 1 2282 &% 3-ENHAMN 85 HEAE &

Reamer Type 1 2&H2 &% S5 ENHAMN 85 HEAE &

ISB =

ot

e

0gr



NOMENCLATURES

(1) HULL GEOMETEY

Lpp Length between perpendiculars (m)

Lyt Length of designed load waterline (m)

B Breadth moulded (m)

D Depth moulded (m)

d Draught moulded (m)

Cz Block coefficient ... Cp=¥/(Lpp-B-d)
Co Prizmatic coefficient... ... Cp=Ch/Cy

Cau Midship section coefficient ... Chy=Ay/B-d

Ay AMS  Area of midship section (m”)
Cw Waterplane coefficient ... Cy=A,/(Lpp-B)
Ay, AWP Area of waterplane (m]]

lch Longitudinal center of buoyancy from midship in percent of Lpp
(for fore from midship(-) and for aft(+))

W Displacement volume I::I':ll;]

Displacement weight (ton)

5 Wetted surface area with all appendages {m‘?“)
(with rudder & bilge keels)
51 Wetted surface area without bilge keels {m:}
(with rudder)
52, AWS Wetted surface area without all appendages (m”)
LEPIM Immersion of shaft center line at AP, (m)
d «=s| 2 BOTTOMZ (upper)
b BOTTOM Z (middle)
i ¢ BOTTOM Z (lower)
=51 = d AFTENDTOAP
~ e FOREENDTOEP

iT " FE



(2) PROPELLEER

3

D D Diameter of propeller (m)

E Fadms of propeller (m)

EAER Expanded area ratio

RESISTANCE AND PROPULSION

W Spead of ship (m's)

Wy Advance speed of propeller (m/'s)

Wy Speed of ship (Enot)

R, Total resistance (kg) C, =R, /% VS

C. 1, Total resistance coefficient r,=R [oViv¥#

Ba Residual resistance (kg) C. = Rtlll-"ll%pi-”ﬂ

Cr.1 Fesidual resistance coefficient r, =R, [pViv¥#

By Wave making resistance (kg) Cu= Rw!.-"} % pis

Cog, Ty Wave making resistance coefficient 1, =R J."p"i.-""-?"-'“

Ry Frictional resistance (kg) C.= R",."f%pvls

Cr. If Frictional resistance coefficient r, =R, /pviv¥

By Viscous resistance (kg C,= R.H./;p‘»'ﬂﬁ

Cy, 1y Vizcous resistance coefficient r, =R, /pViv¥

K Form factor 1+k=C,/C,

ACy,DCEF  Foughness allowance coefficient for schoenherr friction line in general

p Density of water (kg-sec™/m™)....... Salt  104.61(15%C),
Fresh 101.87(157C)

v Coefficient of kinematic viscosity........ Salt 1.1883*E-6(13°C)
Fresh  1.1390*E-6(15°C)

g Acceleration due to gravity (m/sec?)

Fn Froude number based on Ly ... Fn= "i.-'J."I Ly-g

BEn Peymelds munber bazed on Ly ... Bn=(L,, Vv

Fn Froude mumber based on Lpp......_.. Fn=V//Ippz

En Feynelds muuber based on Lpp.......... En=(Lpp-Vifv

- vii -



n Eate of revolution per second

EPM Eate of revelution per mimute

T Advance coefficient of propeller.......... I=V,_ /in-D.}

Q Torgue (kg m)

Eg Torque coafficient. ..o K, =0Q/(p’D;)

T Thrust (kg)

Er Thrust coefficient ....ooooovovveeeeee K, =T/(en’D;)

t Thrust deduction coefficien:

Wt Wake fraction of large model

Ws Estimated wake fraction of actual ship 1- W, = C1.C2-C3-(1-W,,)
Cl1 Scale correction factor (by YAZAKT s chart)

c2 Correction factor due to the difference of propeller diameter
C3 Cormrection factor of scale comrection factor C1

ne, ETA R Eelative rotative efficiency
T Transnussion efficiency
e Special gear efficiency

ne, ETAF  Propeller efficiency of actual ship (from MAU propeller chart)

n. ETA Propulsion efficiency.............. N=", Mg MMy l;t

. ' 1-W,
EHP Effactive horse power
DHP Delrverad horse power
EHF Brake horse power. ..o BHP =EHF/n
Cadm Admiralty constant ... Cadm = (A" . V] |/BHP
S5G Specific ZavIty .o Fresh 1000

Salt  1.025
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ABSTRACT

An Experimental Study on the Development
of Appendages for the Improvement of lce Induced
Resistance in lce Breaking Ship

An Jung-Sun

Advisor : Prof. Lee, Kwi-Joo, Ph.D.
Department of Naval Architecture
& Ocean Engineering,

Graduate School of Chosun University

In this thesis, a study on the appendages for the reduction of ice induced
resistance in ice breaking ship has been carried out and G/T 6950ton class
ice breaking ship has been selected as subjective vessel.

The research scope includes hull form including appendage design and model
tests for the bare hull and appended hull. Appended hull with selected
appendage shows 8% resistance increase in normal sea condition and 12%
decrease in ice sea operation condition compare with bare hull condition.
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H2-1 AAHS F=QME

T = o+ 5} AL EN 4 SHArE)
LPP (m) 95.00 95.00
LWL (m) 102.00 102.0
BEAM (m) 19.20 19.20
DRAFT (TF) (m) 6.80 4.83
DRAFT (TA) (m) 6.80 5.83
CB 0.611 0.54
CM 0.90 0.88
LCB (% of LPP) -1.10 -0.84
W. S. A ,
, (m?) 2335 1964.9

(Without Appendage Area)
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e

— =< — =
S TERY AFER A sHAEY
— - =
A 2y il 2y
LPP (m) 95.00 1.500 95.00 1.500
LWL (m) 102.00 1.611 102.00 1.611
BEAM (m) 19.20 0.303 19.20 0.303
DRAFT (TF) (m) 6.80 0.107 4.83 0.076
DRAFT (TA) (m) 6.80 0.107 5.83 0.92
CB 0.611 0.611 0.54 0.542
CM 0.90 0.900 0.88 0.88
LCB (% of LPP) -1.10 -1.100 -0.84 -0.84
W. S. A )
) (m°) 2350 0.586 1964.9 0.4890
(Without Appendage Area)
*(+)  AMSLUM A28, (-) @ SNSL0HA S01Ls
H 3-2.a SHHAEIHAN MEAIE 24
K= 0.315
No. | Vim/s) Rtolgr) Rn*10°  Ct#10° CF¥10°  Cr10° rex10° Fn re10° | No.
i 0.9937 2354 14.503 8.064 4331 3.733 11.383 0.2503 7204] 1
2 0.8731 157.6 12.743 6.993 4450 2543 7.755 0.2199 3480 2
3 0.9326 187.6 13.612 7.296 4.389 2.907 8.866 0.2349 4650 3
4 0.7530 1125 10.990 B.711 4593 2119 6.460 0.1896 2049| 4
5 0.8169 1362 11.923 6.904 4513 2.390 7.289 0.2057 2954 5
6 06387 79.0 9.322 6.551 4760 1791 5.461 0.1609 0889 6
7 0.6954 94.3 10.150 6.596 4672 1.924 5.866 0.1751 1378 7
8 05175 515 7.553 6.505 4.987 1518 4.629 0.1303 -0.161] 8
9 0.5766 63.9 8.416 6.501 4868 1,633 4.980 0.1452 0304 9
10 0.3964 305 5786 B.566 5.298 1.267 3.865 0.0998 -1225] 10
1" 0.4562 40.1 6.658 6.518 5.131 1.387 4.229 0.1149 -0699 11
12 0.3396 226 4.957 6.629 5.493 1.136 3.464 0.0855 -1812| 12
13 0.0000 -03 0.000 0.000 0.000 0.000 0.000 0.0000 0000| 13
14 0.3394 226 4.954 6.636 5.494 1.143 3.485 0.0855 -1791| 14
15 0.3991 31.0 5.825 6.583 5,290 1.293 3.944 0.1005 -1.138| 15
18 0.4551 39.9 6.642 6.516 5.133 1.383 4217 0.1146 -0713| 18
17 0.5180 51.6 7.560 6.505 4.986 1519 4.633 0.1305 -0.156| 17
18 0.5766 64.0 8.416 6512 4.868 1,643 5011 0.1452 0335 18
19 0.7546 113.1 {1.014 6.719 4591 2.128 6.489 0.1900 2079 19
20 08171 136.5 11.926 6.916 4513 2.402 7.326 0.2058 2901 20
21 0.8742 159.0 12.759 7.038 4.449 2589 7.894 0.2202 3620 21
22 0.9322 191.6 13.606 7.458 4.389 3.069 9.358 0.2348 5.142| 22
23 0.9947 238.1 14.518 8.140 4330 3.810 11.618 0.2505 7459 23
24 09317 189.7 13.599 7392 4390 3.002 9.155 0.2346 4939 24
25 0.8741 159.1 12.758 7.044 4.449 2 595 7.912 0.2201 3638 25
26 0.9964 2392 14.543 8.150 4.328 3.821 11.653 0.2509 7.495| 26

- 21




H 3-2.b ZotAEHMN MEAIE 24
K= 0.265
No. | V(m/s)  Rtoler) Rn#10°  Ct*10° of#10° Cr+10° rpx10 Fn re10° | No.
1 0.9939 192.0 14.506 7.791 433 3460 11.295 0.2503 7.549 1
2 0.8739 131.3 12.755 6.892 4.449 2442 7.972 0.2201 4123 2
3 0.9326 156.8 13.612 7.227 4.389 2838 9.263 0.2349 5.467 3
4 0.6965 78.3 10.166 6.470 48671 1.799 5872 0.1754 1.832 4
] 0.8153 111.5 11.900 6.724 4515 2.209 7.209 0.2053 3.303 5
6 0.7526 93.9 10.985 6.645 4593 2.052 6.698 0.1895 2725 6
7 0.5750 52.0 8.392 6.305 4.871 1.433 4678 0.1448 0.465 7
8 0.0000 -0.1 0.000 0.000 0.000 0.000 0.000 0.0000 0.000 8
9 0.6384 65.5 9.318 6.442 4.760 1.682 5.490 0.1608 1.373 9
10 0.4541 32.0 6.628 6.221 5.136 1.085 3.540 0.1144 -0.902 10
11 05178 421 7.558 6.294 4986 1.308 4270 0.1304 -0.043 11
12 0.3394 17.7 4.954 6.159 5.494 0.666 2173 0.0855 -2.578 12
13 0.3975 24.2 5.802 6.139 5.295 0.844 2.756 0.1001 -1.824 13
14 0.0000 0.0 0.000 0.000 0.000 0.000 0.000 0.0000 0.000 14
15 0.3401 17.8 4.964 6.169 5.491 0.678 2212 0.0857 -2.537 15
16 0.5757 52.0 8.403 6.289 4,870 1.419 4,633 0.1450 0.421 16
17 0.6391 65.7 9.328 6.448 4.759 1.689 5512 0.1610 1.395 17
18 0.6967 79.0 10.169 6.524 4671 1.854 6.050 0.1755 2010 18
19 0.7540 94.5 11.005 6.663 4592 2072 6.761 0.1899 2.790 19
20 0.8180 113.3 11.939 6.787 4512 2275 7.426 0.2060 3.524 20
21 0.8743 133.0 12.761 6.975 4.449 2526 8.243 0.2202 4.395 21
22 0.9309 156.5 13.587 7.239 4.390 2.849 9.298 0.2344 5.501 22
23 0.8746 132.9 12.765 6.964 4,449 2516 8.212 0.2203 4.364 23
24 0.8164 1131 11.916 6.802 4514 2.288 7.468 0.2056 3.563 24
25 0.6952 78.7 10.147 6.527 4.673 1.855 6.053 0.1751 2012 25
T 3335 2 S50t HIDE (SH2KW)
=1 EHP EHP
(= E) (A3 el 733 )

10 596 558

11 820 765

12 1163 1062

13 1560 1425
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Type : 2 impellers, vertical type

Lx Bx D(whole body) : 14.8mx 1.8mx 3.7m

Lx Bx D(measuring body) : 5.0mx 1.2mx 0.9m
Velocity range : 0.47 1.8m/sec

Velocity distribution @ withinx 1.5% at 1.0m/sec
Standing wave : 0.8mm at 1.0m/sec

Surge wave @ =+ 1.0mm at 1.0m/sec

Water surface inclination : 1/4000 at 1.0m/sec

l 5.0m l

(1) Surface Flow Accelerator (2) Wave Maker

(3) Measuring Section (4) Motor A.C. 22kw
(5) Impeller
dg. 32 ZEUEl s s
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e Bare hull with Reamer Typel with Reamer Type?2
o EHP EHP EHP
9Knots 427 479 (12%) 467 (9%)
10Knots 596 608 (2%) 668 (12%)
11Knots 820 951 (16%) 984 (20%)
12Knots 1163 1256 (8%) 1303 (12%)
13Knots 1560 1638 (5%) 1658 (8%)

1L
el

4-3 HolAEHINAN & & R0t HlWHE ( SH2:KW)
P Bare hull with Reamer Typel with Reamer Type?2
o EHP EHP EHP
10Knots 558 569 (2%) 675 (21%)
11Knots 765 903 (18%) 933 (22%)
12Knots 1062 1105 (4%) 1243 (17%)
13Knots 1425 1454 (2%) 1853 (30%)
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