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ABSTRACT

A Study on the Development of Appendage for Improvement
of Propulsion Efficiency in Medium Sized Vessels

Lee Gun Ho

Aavisor : Prof. Lee Kwi-Joo, Ph. D.
Oepar tment of Naval Architecture

& Ocean Engineering

Graduate School of Chosun University

In this thesis, the development of propulsive efficiency improvement device for
medium size vessels has been studied.

Developed device "Crown Duct" is a Semi-Duct mixture to small size of the Stator to
properly guide the direction of flow.

Crown duct designs were performed, and structural calculation in the point of safety
and practical application. A qualitative analysis by theoretical calculation with CFD
code of Shipflow, and model test in towing tank has been carried out.

The mode! tests showed 4.4% efficiency gain with Crown Duct at full load condition and

6.87% at ballast condition compared with the bare hull ones.
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Fig. 2-4(d) Rotation Angle vs INFLOW ANGLE [deg]
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HEZW QU2 Table. 2-110F 20,

Table. 2-1 Stator2 /& ¥ 2T AH A 21t

P1 P2
3| EH &0 Ast 0833 0833
S (g)
Mool o 26.92 26.92
= x| 7
eso o < *fj“* P mm o mn- | (mE/mD-
wmst argy (UFE =20 (m) 1/13) 1/13)
S 4 StatorZ=9 &Y
2 2
S e F=(m/s) .28 .28
H A RS0 2foH
StatorJt = 3.70 4.49
SHE(tf)
udol &1E 28 S8 | pax 7.5 max 4.3
ShA & (fO
s =2 (kgf/mm?) min -3.9 min 4.2
tator [oio] of=
2c - 5.477~-10.5 5.845~6.0
%Q(kgf/mm”
20 LMsl= O
0.92 0.74
M S (kgf/mm?)
Sk 6. 10HH 9.90HH
Stator 9 HE2(epm) W mm | O (2
A= RE TREP LIfo 9k AY 5t K| 95K
=4 (epm) S R TS

P10 P2= Fig. 2-90i =Alst ?IXlet ZCh.

Fig. 2-9 Stator2l 308 &t
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1) Stator2 S, 2t EX&= ribl SHOl CHol HE I
Bl M8 SHe 526 SHS2 =0lotRULt.

2) Stator XHS =& L= ME S0 St 182 2 FAZ0 UK &
XIgH, SretEt X HE S4 (SH9 Hs S4)0 Statorl HE SO It
02 126t slgxlol ol HEotCtH

3) IZ2 Goodman =& ZEEZ O0IE56I0 3E SHS A= Zt
Stator0il &HM=Z ZZct= =l 8¥2 =F0l o8 = U= A WUl A
Cte XS =l

H 2 &2 22 €34 & At

1. Fdas SaE /e BIIE9 &1

o222 218t M&=2 F Ao fIotKH Statorl 2INIE EASGHD RS
o getE HESl REY = ULE Propeller BHE2 HAES A= Semi-Duct
£ =gst 2It22 JNEdt] Crown DuctE HHSHRALCEH.

Crown Duct= JHERAFE 8F HO|l 8le= MA ==2 Jl==Z2 Ductll =1t
Stator SWE SAI0 Il & = A= 0l1EO| ULt

Crown Ductl stator 222 RSHA ZUE FHXoIH SAHJUCH. AHE
stator2l AMEH L 2= {X= Fig. 2-108H Fig. 2-1210 &1, Stator
Fin2l offset Table2 Table 2-20fl £QIHt2t 2Ct. |RAAUS 1Nt &HE

cCHe

o L w—

Stator

Fig. 2-131t+ ZCt.
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Customer Name 50T
Ma. Vessel name |SPP
The Tz 19% Type TANKER
Cu
510 Propeber diamster mm? GO00
-
T Ec=z Dameter {mm) 1100
B Cu: chord kength of wper edps
Gk chord lergth of lower edge
_z2n0 S H | F1&s!
1100 550
1500
b
Boss ragiue |
550 [0 o
e e B Bt H Shaft Center
Dimensions of FIN (Unit; mm)
Cu
510
Top radial position [mm 2250
Bottom radial position 150
Fin fall of the rear end [ols}
O
[ 1700 []sheet thickngks
h \ 160 |
2100 |
([0 Joo 1y
v L .-
—
530
150 | Gl
¥ e Shaft Cantar L ing
Center Plate =274
Ef~E 20|
500 [AHEErESI mm] | 2050]
< > [GHEEHE 21| mm] ] 150
= He HE o’
180 2500 | [ 51000]
1700 7794
ZHE
IE‘ r'y [EETERRRT T
T KA
W s B S Shaft Center Line |
Fig. 2-10 2 Stator Fin2l ZJ|
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Boss STL

Aft Profile

C to C.L Fin [m] 0.4
2t Find| =
52|-| :’F?/'tl [lm] 0400
[l
=
[ EFB9] A [m] —
| From AP
s
s I
A5 BossType=]
Aft Profile [m] - ¥ EHEH e A [m] v SO E 4 [m]
Mo From AF. | From BL. " | Frem CL | FromBL. | From L. Frem E.L.
A 11500 0.000 1 0000 050 04101 050
= 4341 2 750 o 0000 075 0B140 075
& 4341 3850 3 0000 1.00 07710 100
D 4320 2000 4 0.000 150 1 0000 150
A to B (without A and B) 5 0300 2.00 11470 200
Mo. | From AP. | From BL. G 085 2 50 12280 250
1 2170 0500 7 0900 3.00 12530 300
2 7060 1.000 g8 021 350 12253 350
3 6240 1500 5 0B60 400 11530 400
4q 5700 2000 10 046 450 10507 450
5 5370 2500 11 0250 5 (0 05670 500
g 12 0190 550 05511 550
7 13 0120 600 1.0400 6100
G to D {without C and D) 14 0270 65 12847 65
MNo. | From &P | From BL. 15 0420 70 17320 70
1 5340 4000 16 1200 75 2 5ORD 75
2 §377 5000 17 2000 a0 39180 an
3 £470 000 18
4 50980 7000 19
5 20
g 21
7 092
Fig. 2-11 Stern Profile




FIN P1 FIN P2 FIN © FIN 52 FIM 51
2 # [degl 92.0 450 50 45.0 920
| 22Hdeg] 250 100 150 300 250
AP 8 E] [mm 15000 22500 22500 | 22500 15000
5HE 21 A [mm 150.0 1500 1500 150.0 1500
AH2200] [mm 5100 5100 5100 5100 5100
22 0] [mm] 5300 9300 9300 5300 5300
0| =X mm [E2 L] 30
0| =Y mm] T —se0q
S0mm
N Einfiemtt fin SF2 5 A
° L WL /L /L WL /L
1 00000 | 0.0000 0.0000 00000 | 0.0000 0.0000
2 50000 | 05725 | -04250 50000 | 08104 -01983
3 100000 | 13625 | -0.3000 100000 | 19824 -04495
4 15.0000 | 22350 | -D5717 150000 | 3.3542 -05232
5 200000 | 32550 | -05200 200000 | 48508 -1.3250
g 250000 | 43700 | -12834 250000 | 64201 -1.5481
7 300000 | 54375 | -16486 300000 | 79590 -2.3741
3 35.0000 | 64300 | -20009 350000 | 9.3869 -25813
9 400000 | 7.3050 | -23298 40,0000 | 10.6468 -3.3550
10 450000 | 50275 | -26239 45,0000 | 11.6873 -3.7785
11 500000 | 55475 | -28726 500000 | 12.4343 -41368
12 550000 | 58175 | -30594 55,0000 | 12.5256 -4 4058
13 600000 | 58625 | -31542 60,0000 | 128878 -45420
14 65.0000 | 57050 | -31588 65,0000 | 12.6604 -45486
15 700000 | 53650 | -31026 700000 | 121738 -4.4678
16 750000 | 78475 | -29830 750000 | 11.4282 -4.2958
17 500000 | 74400 | -27970 50,0000 | 104102 -4.0275
18 85.0000 | 62125 | -25336 850000 | 9.0735 -35484
19 900000 | 5.0050 | -21691 900000 | 7.3337 -31234
20 925000 | 42575 | -19286 925000 | 62575 -27770
21 95.0000 | 34750 | -16088 950000 | 49830 -2.3169
2o 975000 | 17000 | -11875 975000 | 3.3674 -1.7239
23 985000 | 08250 | -09433 985000 | 24736 -1.3588
24 992500 | 00000 | -06503 992500 | 15455 -09378
25 999000 | —1.2000 | -01656 995000 | 0.0000 -02934
26 100.0000 | 0.0000 00000 | 1000000 | 0.0000 0.0000
27
28
29
30
<EO0 (R 2 rarm)
21000 S0 [ 5100 ] SHEZol [ 9300 |
Fin &5 5 A Fin of & & &
b XU tl tu XU tl tu o ECEEE AP
1 0.0 -120 0.0 0.0 -120 0.0 tu : BUHSEH MEIE HEY
2 255 -148 06 465 -165 18 tl SaH2H stetA ] AHal
3 51.0 -169 15 93.0 -305 4.2 ‘
4 765 -234 28 1385 -432 77 i
5 1020 -28.6 4.7 186.0 -57.1 12.3 i
i 1275 -343 65 2325 -7 172 |
7 153.0 -39.7 8.4 279.0 -86.0 22.1 i
[ 1765 -44.8 102 3255 -68.3 26.8 ;
9 2040 -493 119 3720 -111.0 312 T
10 2265 -52.9 13.4 4165 -1207 35.1 '
1 255.0 -55.6 147 465.0 1276 385 FinHChe
12 2805 -57.0 15.6 5115 -131.3 1.0
13 3060 572 16.1 5560 1319 422
14 3315 -56.4 16.1 604.5 -128.7 42.3
15 3570 547 158 651 .0 1252 N
16 3825 -52.0 15.2 6975 -116.3 39.0
17 4060 -464 143 7440 -1068 375
18 4335 -43.7 12.9 7905 -06.4 33.9
19 4560 -375 1.1 8370 -602 290
20 4718 -33.7 9.8 860.3 -70.2 25.8
21 4845 262 B2 8835 -563 215
22 497.3 -207 6.1 906.8 -43.3 16.0
23 5024 -16.2 48 8161 -35.0 12.6
24 506.2 -12.0 3.3 923.0 -26.4 8.7
25 5085 -38 08 8261 -100 2.7
26 5100 00 00 9300 00 00

Fig. 2-12 2 Finol &
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Fron the end hass
400mn

Fig. 2-13 2 Stator Xl & &™H
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Table. 2-2 Stator Fin2l offset Table

(1) Fin Top (3) (4) (5) (6)BOSSH (7)Low end
H =0.0 H =490.0 H =980.0 H =1470.0 H =1960.0 H =2450.0 H =2900.0
No.| L B L B L B L B L B L B L B
1 -12.0 0.0 -12.0 0.0 -12.0 0.0 -12.0 0.0 -12.0 0.0 -12.0 0.0 -12.0
2 36.5 -16.2 4.4 -17.3 46.3 -18.4 51.2 -19.4 56.1 —20.5 61.0 —21.6 65.5 —22.6
3 73.0 -21.9 82.8 —24.7 2.6 —27.4 102.4 -30.1 112.2 -32.9 122.0 -35.6 131.0 -38.1
4 109.5 —28.3 124.2 -33.0 138.9 =37.7 153.6 —42.3 168.3 -47.0 183.0 -51.7 196.5 -55.9
5 146.0 -35.8 165.6 —42.5 185.2 —49.2 204.8 -55.9 224.4 —62.6 244.0 —69.4 262.0 -75.5
6 182.5 -43.9 207.0 -52.7 231.5 —61.5 256.0 -70.4 280.5 =79.2 305.0 -88.0 327.5 -96.1
7 219.0 -51.7 248.4 —62.6 277.8 -73.5 307.2 -84.4 336.6 -95.3 366.0 -106.2 393.0 -116.3
8 255.5 -58.9 289.8 -71.8 324.1 -84.6 358.4 -97.5 392.7 -110.3 427.0 -123.2 458.5 -135.0
9 292.0 —65.3 331.2 =79.9 370.4 —94.4 409.6 -109.0 448.8 -123.5 488.0 -138.1 524.0 -151.5
10 328.5 -70.6 372.6 -86.6 416.7 -102.5 460.8 -118.5 504.9 -134.5 549.0 -150.4 589.5 -165.1
1M 401.5 —76.4 455.4 -93.9 509.3 -111.4 563.2 -128.9 617.1 -146.4 671.0 -163.9 720.5 -180.0
12 474.5 -75.5 538.2 -92.8 601.9 -110.1 665.6 —127.4 729.3 —144.7 793.0 -162.0 851.5 =177.9
13 547.5 —69.3 621.0 -84.9 694.5 -100.5 768.0 -116.1 841.5 -131.8 915.0 —147.4 982.5 -161.7
14 620.5 -57.4 703.8 —69.8 787.1 -82.2 870.4 -94.6 953.7 -107.0 1037.0 -119.5 1113.5 -130.9
15 675.3 —43.1 765.9 -51.7 856.6 —60.3 947.2 —68.9 1037.9 =77.5 1128.5 -86.1 1211.8 -94.0
16 711.8 —24.4 807.3 —29.8 902.9 -35.1 998.4 -40.5 1094.0 —45.8 1189.5 -51.2 1277.3 -56.1
17 724.5 -12.0 821.8 -15.4 919.1 -18.8 1016.3 —22.3 1113.6 —25.7 1210.9 —29.1 1300.2 -32.2
18 730.0 0.0 828.0 0.0 926.0 0.0 1024.0 0.0 122.0 0.0 1220.0 0.0 1310.0 0.0
19 729.3 1.4 827.2 1.8 925.1 2.2 1023.0 2.6 1120.9 3.0 1218.8 3.5 1308.7 3.8
20 7191 6.9 815.6 8.7 912.1 10.6 1008.6 12.4 1105.2 14.3 1201.7 16.1 1290.4 17.8
21 693.5 1.7 786.6 14.9 879.7 18.0 972.8 21.2 1065.9 24.3 1159.0 27.5 1244.5 30.4
22 657.0 15.8 745.2 201 833.4 24.3 921.6 28.5 1009.8 32.8 1098.0 37.0 1179.0 40.9
23 584.0 20.4 662.4 25.9 740.8 31.3 819.2 36.8 897.6 42.3 976.0 47.7 1048.0 52.8
24 511.0 22.6 579.6 28.7 648.2 34.8 716.8 40.8 785.4 46.9 854.0 53.0 917.0 58.5
25 438.0 23.0 496.8 29.2 555.6 35.4 614.4 415 673.2 47.7 732.0 53.8 786.0 59.5
26 365.0 21.0 414.0 26.6 463.0 322 512.0 37.8 561.0 43.4 610.0 49.0 655.0 54.2
27 292.0 17.0 331.2 21.6 370.4 26.1 409.6 30.7 448.8 35.2 488.0 39.8 524.0 44.0
Note : =0l= Fin Top JI&
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1.1 RhinoZ 0|8t Crown Duct & H
& B M ZHSH Stator bladel Semi DuctE ==& Crown DuctS & Aot

UM 2= Fig. 2-1410t ZCh.

?9] HEE= NACA HHS=Z 0IRUAM /UL, 9EQ9 Az&= -11" (Z2EY
gsoz )2 AN UL s, p, OHF HE H2 MHES2 20HF)| «
oHA HHSIRCSH, RS2 2&0] HE AgeRso 2l BHiolEz =
SeA0 =201 DA 2= 2=0ICH. Ol 9E 2&2| Diffusive angleZ2
-MEZ2 & A2 T2 YMHREZ 252 SE06t| 218 24010
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2. Crown Duct /1 & 2& A&k

Crown Ductll = SHMAES EOIGH)| AAGHH X L 2% AHAS 8ot

RUCH. Crown Ductll #ZE&= Semi Ductt =% XA Yo & e}, =AM

201 8 OHet JI20& F O Eiiz & OX JHQl straight blades2 +#
3,

, 12, 10.5 & 1.5A101 ?AXI%

rox

SIHRULCH. Fig. 2-150 M= Semi Duct 2t 9
Blade2l Crown Ductll =gl &2 LIEFHCE.

12 o'clock
Y
10.5 o'clock lc 1.5 o'clock Section o
l1 ly l4 t
h
R I th
9 o'clock 3 o'clock

T Y
Fig. 2-15 Structural illustration and symbols of Crown Duct

Crown Ouct= propeller2 =&Z0 ?IXIol ACH. dHA Crown DuctIt &
dX= B2 propeller L8t £4= 2E = UL PH2Z ARHME2 +
XNE 240 J|=He0|ES Soll At JACH

S 12kgf/mm?0l A& S JI=0l =Lt s-1= oA Hel ol ACH
s2= HRAE kgf/mm*Z AFHFTH SYP o=z SO2CH s-3= 12014
O A&XI==OF LIRXl 2&£XI8H, Impact Pressure2 &4 HO LUKl &=
SA0I22 RAISHCH &SS9 gt2 1000[cpm] OI&OIH0F 8L, v-1,v-3&=
JIZ0 HEoHKIRH, v-291 B2 646.305[cpm] JIE 0I5t gt2 JH&ICH. M
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Table. 2-3 Crown Ducte & & A

SI=2X(N/mm?) 0.0588
Crown Duct 2 D0UE (mm?) 6.926+07
SHHAH A (mm?®) 8.54E+05
(s-1) R Haoez
_ 12.67
L MEHE S (kgf/mm?*)
Crown Duct (s-2) | HlUzae=2
_ 28.79
e gtMoteE S8 (N/mm?)
(s-3) Impact pressure®
_ 25.59
L MEHE S (kgf/mm?*)
(v=1) JI2 08 JsS2=(cpm) 3202.925
Crown Duct=l | (v-2) RollingSl XS =(cpm) 646.305
=z s (v-3) Duct =49
1740.456
S (cpm)
22X QAN g RPUHES HIIE ol U8 2HS0l DA KICE.

1) Forces on hull in waves.

)

2) The propeller lift force.

3) The stress evaluation of structure based on the energy method.
)

4) The hydrodynamical pressure such as impact force is studied as a

dynamic response of structure.

P SHCE JtolklE g2 s L0

MEEh &
force and its distribution has been evaluated

1) Hydrodynamical
considering ship motion in waves
2) Lift force on blades

0
ol

~

3) Impact pressure on blades
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3. Crown Duct2 Supporter & H

Crown Ductll MM 2= Al XA OHEHHZS SAAIDID| fIHA Fig. 2-16
Fig. 2-180 2Q2lHt2t &2 SupporterE A HSIALCH

£H

Fig. 2-16 Crown Duct Supporter2 2-D &™

_28_



Perspective

Fig. 2=17 Crown Duct Supporter2| 3-D =™

Perspective

Fig. 2-18 Crown Duct Supporter2| & Xl & Al 3-0D &H
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4. CFD codeZ 0|23 0|2H &t ¥ 24

Al <

ol

P
r

F(CFD, Computational fluid dynamics)2 SH SAS J|=st

0

HAE #HO|2 2™AQ LIHIW-AE3A 2HEAl(Navier-Stokes Equations)S
FOM (Finite Difference Method), FEM (Finite Element Method), FWM(Finite

Volume Method) S2l YEESS AMEGIH O0l4&HSIGHH e HEACZ HEGH
1, 0I€ =XIJIY(numerical methods)2l ZNeIES AIS6tH RHl RS 2
ME 21 oi&dt= AO0ICE. Shipflowet= CFD 2208 = 0/&0t Ol
£ 2EoI”UCH, 0 T2 e A& FHSFEN U

Lict XPANS I8t Ol4 (mesh)Ol CHEF 2I&(grid)

Auto CADE O

offset filea Bt

& ZISHL Z20t= Table. 2-401 2eidtet &£,

Table. 2-4 15knOIlA UtE & 20t=2 S AE 2 CFDAIAH 20t

Al PrpkW) w

~

Nr Mo p PpkW)

LA || 4557 0.408 | 0.094 | 0.989 | 0.539 | 0.815 5135

CFD with
Crown 4558 0.501 | 0.123 | 0.987 | 0.667 | 1.157 o021

N
2o
o
o
S

o] +0.02% | +0.093 | +0.029 | -0.002 | +0.128 | +0.342 | -2.23%
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0m 141 200 052 o7 050

SHIPFLOW SHIPFLOW

185 036 057 022 0 025 -006 013 032
160 100 -040 020 0 040 018 003 025

R 080 120 200 E 07 X3 050

l SHPFLOWl SHIPFLOW

Fig. 2-19 Without Crown Duct(4&)2t with Crown Duct(dt)2l Stream line Hll
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Fig. 2-20 Without Crown Duct(&f)2t with Crown Duct(oh)2 SSH A 21 Hlw
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SHIPFLOW SHIPFLOW

L L . am [} w nx i 1% L ax " = m

SHIFFLOW SHIFFLOW

Fig. 2-21 Without Crown Duct(4&})2t with Crown Duct(oh)Sl &0l 8= HlW
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g

Fig. 2-23 Bare Hull(4&F) Dt with Crown Duct (
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;‘“% ZMUiSiul

CHOSUN UNIVERSITY

Fig. 2-24 Bare Hul | (&)1t with Crown Duct(dh) 9l Transvers =& Hl1
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CHOSUN UNIVERSITY

;‘“% ZMUiSiul

Fig. 2-25 Bare Hul | (&)t with Crown Duct(dh) 2l Wake fraction Hl1
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Fig. 2-26 Bare Hul | (&)1 with Crown Duct
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90°

90°

Fig. 2-27 Bare Hull (&)1t with Crown Duct(dh) 2l Wake Hl
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o E B
' SHIFFLOW y =1 Poomoomomm 8 SHIFFLOW

o VI N
' SHIPFLOW ‘ Lo oomoomm e SHIPFLOW

Fig. 2-28 Bare Hull (&)1 with Crown Duct(3h)2l U, _ 0l A Wake Bl
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Fig. 2-29 Bare Hul (&)1 with Crown Duct(dh) 2l U, 0lA Wake 8l
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HetS =2 CFD CodeE AFES

PalERSl ML 00l LHEAMENETH 2.23% 248
2) Fig. 2-292 Fig. 2-300IA 2 = UAXO0l, Lt
s

2
EHOIAM S S50 BERIE D2 2EEN dHSE2
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~

1. o=
DEANES AP SSPAS KIQISZOA AN £ZO HEFS

H =AM 2 Fig 3-11t 2L,

10

Table 3-11F &

3-1 Main particulars of Towing Tank in SSPA

Table.
TECHNICAL DATA
Basin LXBXD 260 X 10 X 5m
Carriage Speed 0-11m/s
Speed accuracy 0.001m/s
Wave length 0.4<lambda<inf.m
Waves Wave height 0<H<0.3m
Frequencies 0<f<2Hz

Fig. 3-1 Towing Tanker in SSPA
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DPHHM foam plastic material2 AFESoIH =S=H| 1:25.417 HIESIKQLH. 2
HMO F=2 M2 Table 3-2 0l ==35ISUCH.
Table. 3-2 Main dimension of ship and model
Characteristic Ship(m) Mode | (m)
LBP
, 174.0 6.85
(Length between perpendiculars)
B(Beam) 32.2 1.27
T(Draft) 11.0 0.43
3. I8 2F
2 DEANENM AFEE Stock Propeller P11072 AIEoICH. HE2
Table 3-301l ==l CE. Crown Ductll 28t £EINHC2 SLEZUHAM LEA
MENECH RPMZ A8 HE2 2015t Stock Propeller€ HE3IRCBZ AR

S dEfet 2EE AEHUIA 28 = 8 H0ITH

Table. 3-3 Main particulars for model propeller

Characteristic Value
Diameter model scale 0.24 m
Diameter full scale 6.1 m

Pitch ratio P/D at r/R = 0.75 0.715
Blade area ratio AD/AQ 0.53
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4. ZEANEZY oA

ITTC782t =& =l ITIC78 HAEH = AEHE ot ALt
1999 ITTC2I2I0IA THEE 2ItE SRS Bg=dA2 UsSH 20

WTs’u; = ( wo +0. 04) (WT'm,'u;o ( wo +0. 04))
*[(1+k)CFs + ACYFS/(I<i>k)C’Fm] [Wme WTm'u;o]

where,

"W" stands for "with complex appendage"
'wo" stands for "without complex appendage"
'm" stands for "model”

's" stands for "ship scale'

'T" stands for "thrust identity"

The form factor is based on the case without complex appendage.

5. Crown Ductl Z2EAIE Z1t

Crown DuctE 28 HMASHH ZEAN F=tst AMEHRF Bare Hull AFEHOIA

ZE Table 3-4, BallastAEHOIA

ig. 3-20l= Crown Ductl Z2&
PN

F
8 A E ==otAT.

_

PHASES = ofACH. BHHAEROIA 2
able 3-501 2° HIWGIASH,
3_

T o
MRS, el Fig. 3-3, Fig. 3-4= Z2EAl

o 2UE
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Fig. 3-2 Crown Ductl Z2& AL&l
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. 3-3 Crown Duct &




Fig. 34 Crown Duct 2 Al Ballast &EHUHIA V=15knOIAM 2l 2EAIE ALE
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IR0, Ballast &EHOIM= 6.87% ZActATH &
=

OF Crown DuctJt == L0

o
o

00
o

Table. 3-4 Crown Ductll SHIHAIEHOIAl 2EAIE Z2 1t
LA 7 el 4783 0.358 0.220 1.018 0.543 0.672 6740
22} Crown
4792 0.453 0.247 1.031 0.494 0.701 6444
Duct
Z}o] +0.188% | +0.095 | +0.027 | +0.013 | -0.049 | +0.029 | -4.392%
Table. 3-5 Crown Duct2l Ballast AEHHA 2EHAIE 21t
Al Pr(kW) w t MR No Mp Ppr(kW)
with Bare
4256 0.399 0.215 1.014 0.541 0.717 5724
Hull Ballast
with Crown
4243 0.490 0.233 1.030 0.493 0.764 5331
Duct
Z}o] -0.305% | +0.091 | +0.018 | +0.016 | -0.048 | +0.028 | -6.87%
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= HF0A=s Z2H MdEo NS 2SHUHIE FHasetas 2

g OIHKIZ &2 £ s XSS 4 2I1=2(Crown duct)0fl CHSH 32

CHAHA (BOK Tanker )2l =gt 2J12S NG| <ol Stator & A, Crown
duct X, RXZAHA, OI2HA, ZDEAIES Sol dsF=8 UHE¥sS He2lot

24
ASH, A & ZEANE HEE =2 2ite Ush €.

= &= B0k Tanker 0l2/2l &S0l Crown Duct 2= Al Al
QX E Aot 8t 52 RI==2 o)l f5tH CFD codeE 0| Zat

O Il R Al EsHiS oA, OIEH A HHS HEHoHUC.

2) RXHANES Soffl BIIS9 st REE otH &S &0lotD, Supporters

3) CFD code(Ship flow)S 0Ol
MIoI=X0AM Bare hul |&EHQF 2
b, HE2ES 15knot SHIHALEHOIA DHPOF 4.4% 2rA0HH D Ballast AHEH O A

6.87% & 2A0tALH

4) S0IgAMCz Qo T Hoz HMME et 2= 5801 ¢4
Ot S8l A= ZZ2EY A 28 SIMNFE MMAIIILD XSS BHH
Z SIHAIZlE 840l U 20l = H70lM Hetote M2 F=dgd 2

O Stator9 2&H2AEe fIXIE ZEHol=
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A.1 Crown Duct®ll offset Data &

Crown Ductll #xH A& Y A=z EIIE <ol Fig A-11t
ZHDUHE 2t RAYE J|E X%, otE SZEAEHN 2ol &
A-21t 20l Crown Ductll 2toli, 2 X2l el fZF Ot
I Z0IE sttt

Principal Dimensions of Crown Duct S S
‘I.Summnry
| Input Data
Automatic Calculation
, 1.1 Dimensions of Blade
kY [mm] I blade lenth - -
&= [mm} b= [ 978|(mm) ho=
| t- [ b [ b
= [ 2637]tmm) b= [ 973]imm) h=
1.2 Moment of Inertia
‘ a [m,..’] tu:van e thickness uf[::;o
| k= [[8863E807] fmm" O
= [818E0T] 'y w [ 0]
| = [CO818E0T] ') v= [0 mm)
1.3 Section Modulus
e [ A L)
% ey A D
| Ze  [EBAIER08] i) A [HS82E04] o]
2= [[BSAIERDS] () A= (1882504 o]
1.4 Distribution of Load
| Po= [kxf/m"']= [N/mmzl
| weroxbe (STl
W=Poxb= [ 5725%01]N/mm]
| n=
‘ We=nPoxb= [ 28636501 IN/mm]

Fig A-1 summary of Crown Duct

20l o XI=
g= H=Ch. Fi
SHet 201,

ﬂ epth of bl-de[mm]
16zt
58]
[ 183t



2 O;I::::I;ﬁ::; of gect;onume;en;

2.1 Crown Duct

plate thickness of blade upper

plate thickness of blade lower
average thickness

chord length of blade

blade depth
R=0*h/(n = [ 15005 |(mm]
o=sin'b/2 = [ 03300 (rad] = 1891 | [deq]

moment. of inertia

—
0]

[(E92E507] o = fom']
sectional modulus
z=a/he [ SAEGB i) = [ BS4ER0R] (o

plate area of blade

A=4t RO o= [ TO0ER0A[rom') = [ 98E02] fom

2.2 12 o'clock blade

plate thickness of blade upper t= [ 10]tmm]
plate thickness of blade lower t= [ 10]tmm)
average thickness =)/ 2= [mm]
chord length of blade b= [ 973|(mm)
blade depth b= [ 183]imm)

R=@h/(m = [ 13391 |mm]
Oo=sin'b/2 M= [ 08M8(ed) = [ 2030](dee]

moment of inertia

= 8607wt = [[B86E03]fom
z=2/h= [ OBOEOS|(mm’]= [ 9.89E#02)[om’]

plate area of blade

A=tt RO~ 190ER08]mm’] = [ 199E402] [om?)

Fig A-2 Calculation of Sectional property of Crown Duct



=0 28 KA #0lotl, sl €2 HS=S 0IE

X ZEE Z2Fot=0 EXE
HNOZ AHARMCH
1) ( S - 1) Strength of subjected to symmetrical pressure
ptichingDdt heavingOl Crown DuctOll A2 AlBtE= &2 =CH 0 X220
M, CasiglianoOl2E JI=2 & A4S oL HEEHQl 29 2=
2

A BAHgS 0lEotH, 2

Fig. A-301l EH&ICH. 3Dt

o
= 20X=X 242 Sl

Heaol 25 BoE 2
Z0IUCH. HAAE= Fig A4t 2Ch.

M C M’

ST T T
B

W-r W'

A & A
T = 1T
Wo W's

(a)Symmetrical districution of load on Crown Duct

P T

W

(b)Structural analysis model for the case of symmetric load

Fig A-3 Structural calculation for the case of symmetric load based on

Casliglians theorem.
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(s Strength Calculation Sheet for Symmetrical Load

I 1. Principal Dimensions

| R= [ 1800]tmm1 b= [ 78] tmm) he= [ 162] (mem)
vt [T S ) B O s
o= [ 9288t b= [ 998t b= [ 88 e
= [ 10]imm]
t= [ 10](mm] net thickness without corrosion margin to be applied
[ 0]

moment of inertia palte area sectional modulus
W= L OIBEOT P i L
T P = TP L
[ ET8E553 P = P o

n

‘
| 2. Distributed Load
‘ P [ 800E+03] gf/m?)
W,=P; X b= [kcf/mm]
W=/(2)/2 Pox b= [ 4.128E+00] Dgf/mm]
n=
‘ We=nPoxb= [ 2.019E+00] kgf/mm]

I 3. Calculation of Blade Strength Against Symmetric Load
‘ 3.1 Calculation of ®

a= 0.

%
;

5
T

Fig A-4 Strength Calculation sheet for symmetrical |oad
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‘ 3.2 Calculation of ¥

ue
v
¥

' 3.3 Calculation of Xi

: oy P Py X ¥,
D, ®,, Dy Xz = ¥,
Dy Dy Dy X3 ¥,
1.27635 1.06175 0.95665 X, -0.25473
1.45665 0.95665 1.11022 X, = -0.08030
‘ 2.27635 1.27635 1.45665 X, —0.13359
3.4 Calculation of Mo,Po,Qo
vt [BRGEGH -
X= —0.0321
X= —0.7788
X
Mo =X, wo £ = [=5026E408] 0 -rom = [ 03] 1-m)
Po=Xow#/R=  [A0mEmdefl= [ 4d]a
Q=Xwe/R=  [Es0Emnet=- [ 34l

| 4. Moment Acting on Blade

4.1 Bending Moment M, of 1.5 and 10.5 o'clock Blade

W= [T5058E00]hat/mm)
M= [[39826006] eef-rom)

4.2 Bending Moment M, of 3 and 9 o’clock Blade

£ M, (§)

X B +06

¥ —1.

.4 fe
966E+05

[ .77/

4.3 Bending Moment My, of R Wing

6 u(@-m/4) Mg (8)

[ -3

15

30

45 —-5.481

60

75 =
e =

Fig A-4 Strength Calculation sheet for symmetrical

5. Calculation of Stress

5.1 Stress Induced in 1.5 and 10.5 o'clock Blade

o =M/Z=

5.2 Stress Induced in 3 and 9 o’clock Blade

3.982E+06

8.541E+05

¢ 0o (&)
00 23
.4 =3 1
=]
10 3

5.3 Stress Induced in R Wing

£ 0,(0)
0 ~3.54; 1
15 1 1
30 1
i —6.418E-01
60 .981
75 = 1
90 —2.749E+00

[(4:862E+00 | v/mm's

load(cont inue)



2) ( S-2) Strength of structure in asymmetric pressure

BHel rolling WHZOI, HICHE =0l 3AlI, 9Al &9 bladedl JHHAICEH.
HICHRI MOl oted 2m) gAl &sto2 Ao D& A&E Fig A-5JF LIEE
LHACH. BIHE HQl RX= Fig AS0A EHEX MY Ducte &SR0 A
o2 A KE D2AGHOSICH. Stress(S2)2l 2t2 12[kgf/mm?]0lot 010k Bt

Ao Z2obs 28.79[N/mm?”]101 LIGCEH. HAH Z2igte S8 AFFH

4 [kgf/mm?]t LI2B2 HARH0| LE_CH.
HAEAIEE= Fig A-62+ &Ch

ol

Fig A-5 Crown Duct pressure on 9 0" clock blade



(S-2) Strength Calculation Sheet for Unsymmetrical Load

Load on 9 o’'clock blade

S

0=0,= [mm]
e [[89T8ERT](mm"
= [6S18ERT]tmm
Wo= | 8.725E+01]IN/mm]

1. Calculation of ®

Equivalent Spring on Point C

o CEBE /)

E= 2.06E+05|[N/mm?]
00, HE L)/ .

2

.=
'\
® 5=
1=
o=
=
1=
Py 127635

®.=

2. Calculation of ¥

&
~
1l

1N

€
h

Fig. A-6 Strength Calculation sheet for Unsymmetrical load



3. Calculation of Xi

Dy Dy, Dy X v,
Dy Dy Dy Xy = ¥,
¢ 31 ¢ 32 @ 33 x: ‘v 3
1.27635 1.15872 0.95665 Xy -0.11759
1.45665 0.95665 1.11022 X, = —0.05537
2.27635 1.27635 1.45665 X3 -0.11759

4. Calculation of Mo,Po,Qo

wo'= 82840407 IN-mem]

Xi=

X=

X5=

Mo = X, wo 82 = [Cio2sEso7Nv-mm1 = [ 10 ]it-m
PoR =Xy wo 2 = [1885E+07|IN-mml = [ -186 (1]
Qo R =Xy wo @2 = [ 24seEx07]IN-mml= [ 250]m

5. Calculation of Mg(8)

0 [deg] Mg (6)

0 ~T.028E+07
i5 —4.461E+06
30 —3.047E+05
45 “901E+06
60  005E+08
75 088E+02
90 ~3.975E+06

max. moment Mg max = 1.028E+07|[N-mm]
section modulus Zg = 8.541E+05|[mm®]
max. stress O g max = [N/rnm’]

6. Calculation of M, (£)

& M, (&)
0.0 -3.975E+06
0.2 —5.650E+08
0.4 —3.631E+06
0.6 2.082E+06
| 08 149E+07
1.0 2.459E+07

max. moment M, max = [N—mrn]
section modulus Z | = 8.541E+05|[mm®]
max. stress 0, max = 28.79 |[N/mm’]

Fig. A-6 Strength Calculation sheet for Unsymmetrical load(continue)



38) (S -38) Impulse structural reponse due to collision of blades to
sea surface

&0l slammingll Lol A2 3AI2F 9Al Y&kl blade®l Jtol &ICH.
slamming0il 2ol =& AHAS StJ| fIoHM= slammingll BH&EE Gt= X
A2 BIE Al GHOFSICE. o2t0l 1201401 Lt2tOtot=0l A Z0k gl o
=2 5596401 [ kgf/mm? ]It LIQt HAX =2 U2X 2LUCH 1 0lKE= Impact
Pressure2 &&lal HO LOLIAl = S&0I122 FAISHCH

HAANE= Fig A8t 2Lt.

A o\

ju

Sea surface

(a) collision of duct to sea surface

(b) structural model

Fig A-7 Slamming model 9 o’ clock of Crown Duct
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(S-3) Strength of 3 and 9 o'clock Blade Against Impact Pressure
1. Principal Dimensions
% [1290]tmem)
b [ 978 (mm)
b [ 162 lmm]
v
I= [mm*]
A= [1982E%04] ()
= [[841E08](mm’)
Ky = [kgf/mm]
2. Physical Properties
E= [ 2100E+04](kgf/mm?] Young's modulus
Pw= [kgf/mm’] density of sea water
p.= [ 7850E-08][kef/mm’] density of steel

_ 1.600E-03 non—dimensional damping coefficient

3. Weight

weight of horizontal fin

wo= 0. A= [[1550E#02] lkgf/m]

added mass

W= 0, (1/8)b2= [ 3811E+02] [kef/m]

coefficient of added mass

total weight

w=wo +w, = 5.366E+02

4. Non-Dimensional Coefficient n.a,.8.7

M n
n=K\ 8/ BE I =

2) a
a=

@ B8
E=

@7

r=  [oss]

Fig A-8 Strength of 3 and 9 o' clock blade against Impact Pressure
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5. Impact Pressure
5.1 Ship Data

distance from ship bottom to shaft center

b= [8700]m)

ship length between perpendiculars

L= [218000](m)

equivalent sea wave length

N [

ship speed

V.= [knots]

velocity of wave

o= [26800](m/sec]

ship speed

v=  [728]msec]

encounter period of wave bottom

o= [12870]1sec]

velocity of wave in vertical direction

v= [m/sec]

5.2 Impulse I, and dulation time A

oo =(0 /8) Thy? 27 v = [ BBOAEF02] [ke-m/sec]

6. Calculation of Structural Resp Against Impul

mw
w=  [(28asE02)0a)
(2) non—dimensional damping coefficient £
8= 1.000E-02
¢= 1.592E-03
(3K
k= [[1785E407] kef/m]
4) w=w,
wo=  [[8160E+02][s7)
(%) vo

Yo = 2.691 |[mm]
7. Stress Calculation

Bending Moment £ =1
M(1)= [[2186E+07]0g-mm]
0'=M(1)/Z;=[_2.569E+01] [kg/me’]

Fig A-8 Strength of 3 and 9 0o’ clock blade against Impact Pressure(continue)
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A3 &S0 et 2=
propellerl AsSC=Z2FH X

Ol &S0l 28t 7+ H&S of

i

SEZ& Crown DuctE & HGH)| <ol TS &
L.

ol

1) (V-1 ) Fluttering vibration

ANSHAME XsSotd Js A0 Oiol =B HXICH HSsHD Us AMEH
£ Fig A9(a)0fl LIEIHD, XSsID Us HEHOHA &SS ==F2 Fig
A-9(b) LIEFHLHRACE. Fig A-9(c)lll= &Se FEHES fst 2 Rds Axy
2rtstot LIEFLHRICH. f(RRAS=)2 gt2 1000[cpm] O|&H0I0{OF SH=C
HA 21 3202.925[cpm] 22 HALHO| LEgHCH

Heb AEE= Fig A-10 TS0 20

(a) Fluttering mode of vibration
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(b) Model for estimation of vibration

o

(c) Structural model for estimation of vibration

Fig A-9 Structural model for fluttering vibration
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(V-1) Fluttering Vibration
1. Principal Dimensions
O
S
b [[B81BER7](mm"
A [[1982E+04] i
2. Physical Properties
E=  [[2100E%04] (kgf/mm?]
pu=  [10Z5E08] et/ mm]
Pe= [sz/mm’]
3. Calculation of Weight
wo= [ 015556 | kef/mm]

Wg= 0.15556 |[kgf/mm]

Wa= 4.398E+02| [kef]
4. Added Mass Coefficient

e

>
!

5. Equivalent Spring Gonstant K,

O
® 5=
&y
=
=
Dy= 1.57080
L
Py= 1.00000

ug=1mm, v,=0, 6 ,=0 (cal

of spring tant)

0w [ a2m)imm
b= [ 973]tmm)
= [[6818ER07] fmm"

A= [(1982E504] mm

Young's modulus
density of sea water

density of steel

5.1 Matrix Calculation

Dy, Lo Dy Xy v,
@, D, Dy X, = v,
Dy Dy Py Xs Ya
057080 | 0.35619 [  0.50000 % [ 4:4838E+05]
1.00000 | 0.50000 | _ 0.78540 X, = |__o.o0000
1.57080 0.57080 1.00000 X3 0.00000

5.2 Calculation of K, and n
Xy = PoR = [ 1:922E407) [kgf-mm]
Po=  [[1.068E404] ke
Since it is the reaction force corresponding to w=1mm,
Po=Ky 8o=Ka= [ 1.068E404][kgf/mm]
ratio of rigidity 7
n=8'/ BER Ky =

6. Natural Frequency in Water

¥
Y=
Vo=

a= 3.2023

8=
f(cpm) = [cnm]

Fig A-10 Fluttering Vibration
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2) (V-2 ) Rolling vibration

supporter JF SACHH, Fig A-1101l LIEtLI= C
SE =€ 2= QCh. rolling =9 1L FIEE =He = QUCH. oY
suppor terJt EOl &XIJt ECHH rolling &&& flutteringdl=sDt &4 &l O
Z210ICH. fo 2t0l 646.305[cpm]22 1000[cpm] Olat2l gt0l HAZIRACH. Ol

SHE o2 2 4+ US AHOE MU

= suppoterE ZO0tA rolling &S =
Ck. ©, suppoter = Al crack=2 2 XloH F=6H0F StC.

HeH AIE= Fig A-12 TSt 2 L.

Fig A-11 Rotational vibration and symbols
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(V-2) Rolling Vibration

1. Dimensions of Blade

chord lei of blade
i

[ om3)tmm)
[ o33]imm)
[ 973)imm)

blade Ioln ﬁ it
[ 2637]tom)
[ 1800] ()
[ 1258] )

>
[

blade dej

[ tez](mm]
[ 183]tmm)
[ 162]imm]
[ 158}tmm)

metal sectional area

[ 1.982€+04] (')
[ 1.992E+04] (mm*)
[mm’]
[1.982E+04] ()

2. Physical Properties
E= [ 2.100E+04|(kef/mm’] Young's modulus
p.  [[1025E08|(gt/mm’] density of sea water
o,  [[[7850E-08|kef/mm"] density of steel

3. Coefficient of Added Mass
weight of structure per length

£ wo= [kg/mm]
€= 4.875 w= [ 0156 |ke/mm]
€w= wi= [ 056 (ke/mm]
&= w= [ 0156 ]ke/mm]
4. Value of £ c (non—dimensional)
€s
5. Value of & and 8
B= | ‘7.ml 21.155 [ simol
6. Natural Frequency in Water
f=  [846305](cpm)

Fig A-12 Rolling Vibration
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blade thickness

[ 10ftme)
[ 10)tmm)
[ 10t
(T

moment of inertia

[mm‘]
[Ce:863E+07] o
[(6.918E+07] (mmy
[(e918E+07|[mm*)



3) (V-3) Local vibration of 1.5 and 10.5 o'clock blade
1.5Al, 10.5A] bladel &ISO0| Ductlel B1H S& g 240ICH. Fig A-13
AN BOHE 2idEg s AHUA D8 LI =58 £ UL Ducts =24

o2 Ut SOHUCHHE dsAl HdtE = ASHS 1740.456[com] 22 &t

Fig A-13 Vibration of 1.5 and 10.5 o’ clock blades harmonized with the

circumferential blade vibration
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(V=3) Vibration of 1.5 and 10.5 o’clock Blade

1. Principal Dimensions

lengtl chord lengtl depth of blade
P S - .
= /4 R [ T4 o] e [ oleml b [t
plate thickness metal sectional area moment of inertia
t= [ 10fimm] A= [[1:982E+04]tmm) 1= [6918E+07][mm"]
te= [ 10](mm) A= [(1982E+08] () = [B918E+07][mm*)

Physical Properties
E= [ 2100E+04|(kef/mm?] Young's modulus
Py [kgf/mm°] density of sea water
p.  [[7BS0E08|(kef/mm’] density of steel

2. Numerical Calculation
2.1 Distributed Steel Weight
wi=  [[1:556E-01] eg/mm]
w=  [[1:556E-01] e/ mm]
2.2 Added Mass
wi=  [(7821E01] ke/mm]
wo=  [7621E-01] e/ mm]

2.3 Ratio of Added Mass

o
e

2.4 Value of @ (non—dimensional)

2.5 Value of I (non—dimensional)

M=
=

2.6 Natural Frequency in Water

f= 1740456 ](com]

Fig A-14 Vibration of 1.5 and 10.5 o’ clock blade
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