ZIHE |

3.2 71t A& A+ (other drag components)
321 ®7}+& A3 (appendage drag)
3211 873

Auke] thEAQ] =2 El(rudder), ¥ (stabiliser), X4 (bossing),
B Z(shaft bracket), YA Z (bilge keel), & ST (water inlet scoop) 5°]
or, oJAEL Aute] AES F7HAZIYE ©5A(single-screw ship)] F¥
HF7hE2 Ehoh RAZRME WA ke AR of 2~5%E AAR A=A
(twin-screw vessels)®] 4-¢, T8 F7H=2E 2709 Bl = = Bzl 18
A BT AR o] Utk o]AEL Aduke] =)o) wel A A 8~25%
£ 2AFT B ARAR AR e A TolM e Aol tigk WEs
Z Table 3.2¢1 YERASAT

%0,

ﬂ

Table 3.2. Resistance of appendage, as a percentage of hull naked resistance

Item % of naked resistance

Bilge keels 2-3

Rudder up to about 5 (e.g. about 2 for a cargo vessel)
but may be included in hull resistance tests

Stabiliser fins 3

Shafting and brackets, or bossings 6-7

Condenser scoops 1

Table 3.3. Total resistance of appendages as a

percentage of hull naked resistance

% of naked

Vessel type resistance
Single screw 2-5

Large fast twin screw 8-14
Small fast twin screw up to 25

3212 F71=E Agol v ]%

[e}
Al
B e W 2 4EE A9 $obEY Age RrlEe] A5EU)
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Hlget= 9 rpA oty =5 4 W 2 AEHA] FAY AV &
TE S5 Fe e AF A7IAe] A & A Eg e
oz Qi) Aol 2 ZAE 4 ATk FH Aol U RS AP
T g Brkee Sk FAS fEide = fAY BES ol Aol
F93lth FH FA4L 7] YJEiME HAE A (paint streaks test), E]ZE
(tufts) A1, %Eﬂl(ﬂags) /\]b‘d, PIV(partlcle 1mage velocimetry) & D}Ooﬁ\} Al

H .

Ao BB A7) BA 9o BB Aol B WA o
4o Rolge) now Ag AAZY A RrlEe] Fu] B &
o] WRTR= Aolt). dlmA M FUR WA o 10%2] AAZ FA
o

3
e zAET A% 2ANAE 10%9) 78k ArolNE o 2 74a8

7% 4 k.
REAG 95 BriEe] AP AMoE A= 2L (scaling) Holm=
% wgle] B2 FR SEALe] Ffolz <ls) BAHS ofelso] Stk o] e
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Adee SR dF 5 v FF 2 FUHE FRAFCAA Y] A o5
WEe gl £ 7]e7] 5o o8 yehdt.
3213 ¥9H vlF& A
FollM 7l A& A71ET oFF 22 Reynolds oA 8-tk
@ﬂ]—?ﬁ‘gi AE F7)9 RS ‘ﬂr 5 E(turbulent flow)ollX 25 71543
Hhd, = 5 E(laminar flow)o| A 253ttt 1A v
A& (skin friction resistance)e WHET FTFHIFONA  FolH S =E (Figure
3.18), Axo = st 79 EAVF LAk

ol
z
N
1
flo
olNr
i

T I T T T T

Skin friction lines

Smooth turbulent Line

Cr

Laminar line

Reynolds number Re

Figure 3.18. Skin friction lines.

3.2.1.4 ¥}2] A &} (separation resistance)
atejzh e EAY] AR dRAMEY SFY Wy T AtHFigure
3.20). o] U3| Aozl e FA|7} LAgI)
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Laminar

Inflow

Figure 3.20. Separated flow

3215 &5 71&7] YeK(velocity gradient effects)

Aol A A S (full-scale boundary layers)> E&ol| Ao HAAZ FAY oF
Antolt). wEbA &% 787 ks AA| Adul(full-scale ship)Eths E&
A B oAk ol A BN ke BAIS Wil oy A
Ao FIHEE BAS ARE EF 2 %ﬁ ACHFigure 3.21). AAIZF W<} <
HoMe] FEe ol tEH Ay By BATS 2N 258 FERH

Me SF7F 2 5 itk meb 1‘%7}% 9 freol wee] EAfel wet
Aol S7HEAY FaE F vk BAT F7(boundary layer thickness)©l
A 01213k 2ol 15knotsE @8 100m Zole] Aute] thg-sh= FHZH)
1/2091 5m  Zolel EFAIPe| disiA oo ZAMAl4Happroximate
calculations)ol] ¢J3ll A== 4 Utk

Figure 3.19914 1/7%
ol-g3te] IREF et =
o7 FoX

HA EEFXE(power law velocity distribution) &

J5(flat plate)dt AAZ $A 58 2AP} T 4

%: 0.370 Re '/ (3.37)

714 2z & 7FEAE (leading edge) 2 5-E]2] #z]o|t.

100m<Q! Adukel] o3
Re= VL/v=15x0.5144 x100/1.19 10~ ® = 6.48 x 10°

Zdutkel ArjEe(aft end)oll X B7A1F F7(boundary layer thickness)=
§=12x0.370 R~ /% =100 % 0.370 < (6.48 < 10°)~/* = 640mm
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m 239 t]-8-& X (corresponding speed)$} #lolE= =
V,, =15x0.5144 X1/ /20 = 1.73m/ s
Re= VL/v=1.73x5/1.14x10" ® =7.59 x 10°
=3l g AAS FAE
§=5>0.370(7.59 % 10°)" /5 = 78mm
718FeHE] A H7E 172091 BFA0 A A SH o3| odEe A
9] %ﬂl‘: 32mm o]t} mEbA ﬁéﬁ-‘-ﬂ AA BAZ FAR 78mme 4%

2mm ol ¥ls) T HlETh o FZHFigure 321 F=X).
% ol sl fFagh AolAT A WA ZAK(first approximation) =
Gl ﬂ 3 4Hship shapes)ol] tHaix = Z-gHTh

2 2 ol
c,o
8 —l

(i) W 532 2182 DA% RYo2 ASAPS Ik e RE f
of We 0,9 Aol uhz ¥HEY AYL s o wix dHow

Form factor approach. ©]ZA-2 (i )JJr FrAFsEARE &3 AIG(form factor) 7}
T Cpg— (14K Cpyp 714 BAAT (140)E of2ihel Z12 7}
A= EPEAF(geoism tests) 22 Feirh o] WL A Y EPA|RIe R <)
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& ulg3} Aro] o] LawT

(i) #2E F7HEel tiaid 3ol A@3Th FZ(towing tank)t FF
(wind tunnel)o|X & F7He 52 WE SEolA AFS ot 249 Hols
Fol - F Atk duke] g} Ao} FIHE(control surfaces) [3.34], S.E°]
4 2 FIHE Aol ARe-d:

(iv) o] 2o 2Ry dojxl A9 dlolge} 449 HoHE HlEeE f&

b o, FrHE2 1 ZA9] ReollA
z O0E scahng HAS w2

o} ol2lgk A4 tEo] kel AFs FEdE (TR ¢R), o % &=
71&7] @geol Adere] S LS oprlshe gfleolth FAldeE
3ITTO)= k=0l et th=o] S#M] Al9(scale effect factor) 55 At
S At

CDship = IBCDmOdel (338)

AF fe F7HE FH-ol wEt 05~1.09 #hs 7HIth
BIHE =AYl &3 A]F dHlolEe= %A ¢th 1940 tio] NPLe] =29
A Allane o#71A] 2A1De] BPES AIFSATH3.35]. 1950 = British
Ship Research Association(BSRA) ] oje] FrHEo] F2hE 58m A8 Lucy
Ashton® 2 AE FI7LE AREste] Al@etith A Wil g Xﬂ-—
& 315 W3] (Load Transducer)E T3l F3& AH
Attt A1 A= NPLoA A1AE 6719] geosim =&
AH(Lackenby [3.36]). ©]&igt A|FEAAZREH g Alge A
#rol F71she kil wFFeE RYY AVE A A7Iet 2od g
1] ®t}. Lucy Ashton A|HOZHE] A7 A-bracket?} open shaftol] U
pBEre]l 2ok Table 34°] YERJUTE o] AlFAFREL vlwz @Al
AR A AHe] dFILE o]HY tE AlY 73494 A=A Fe= A=
Lucy Ashtond} BA] 02 Ao ziy dL Ay Jast 2828 F

A

é
_I[Nf
ol
ol
rg
_é
_>4_
OO{
W
N

A
Z

;L ;3 e M
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Table 3.4 3 values for A-brackets and open shafts from the Lucy Ashton tests

Model
Ship speed (knots) 2.74 m 3.66 m 4.88 m 6.10 m 732 m 9.15m

8 0.48 0.52 0.56 0.58 0.61 0.67
12 0.43 0.47 0.52 0.54 0.57 0.61
14.5 0.33 0.37 0.41 - 0.46 0.51

3218 F71= A3 HlolH

5 % (Local Flow Speed)
e Age] A side F3E o, 55420 F&53 BAT 540l
1o Wk F9 A5 AR g £10% 2P kel e
S FA AeE F Atk ZEde F28 FUkedd diste] W& (wake
speed)= Va= Vs(1—w,) &2 FtiChapter 8 #x). Z2H 9] 3}Fe] £1%]
gk Ete] A Vae 2R s 10%—20% 7HEal, mebad 12k AL
AZA Vsol AbES H-T 5 Stk
(@) dl°elH

Hoerner [3.37]+= ©53 22 st Fr7lEdd Ad dHolHE A3t

Al o
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¢ A= (sonar domes) #2 bluff bodies.
* Root interference dragE X3t strut$} bossing.
o dEE HXE oY EA 9 shielding effect.

* inlet heads, plate overlaps, gaps in flush plating¥} &

g 15
* Scoops, inlets.

* Spray, ventilation, cavitation, normal and bluff body and hydrofoils.
* Separation control using vortex generator guide vanes.

e Rudders and control surfaces.

Mandel [3.38]& H71%E AAd 3 T3t f-A982 =1 7]%3
=3

Hoerer, Mandel ¥ T2 3o A/fE Fokglt BrlEo] tdk A4S
Astr] fg e AES At

(b) A2 (bilge keels)
Peck(1976)-> WAL g thFo] F 7kA AEo 2 FEsIATH

o FAEWHY FUIE A% FE v (skin friction)
o A} VALY HEFHFANA < 2 A & (interference drag)
z
X, R
Y L=
Figure 3.22. Geometry of bilge keel.
ITTCE AAFL (5+9,)/5% #T 3oz AZe o71A s= A

Spre UAZ e HgH Aot Peck [3.39]¢ &3k XA



ZTOAE 9

1
Dy=— ,oSVQC'F 2

A7 S= WAL HFRWE, LS G5 AT u AE5E UxZ

o] Fdo|th. Figure 3.2200|A Z<9 X7}

77} zerod wWj(# WAZ), (PP AFe FHrE A3 Zoeta sh s

=g

(©) B, = Bz, ¥
ol AT AJL B 2o

* Control surfaces or strut drag, D

F

o EHXH A3 (Spray drag) if rudder or strut penetrates water surface,
Dysp
* Drag of palm, D

* Interference drag of appendage with hull, D,

D,p=Drs+Dp+Dp+Dyp (3.40)

Peck [3.39]o <J3] At Ao]F(control surface) A D v T
2t}

my S +40( ﬂxw‘l (3.41)

1
DCSZE;)SVQC 1256}f Y

Q=



10 A XMBSE

Cm

A
i

Ca Cf

e Y
Y
A

Figure 3.23. Geometry of strut or control surface.
Hoerner [3.37]°] w29 2314 711 gHe gEASFE dHe FHuy
FAZL S ol wwsl guErE @ 2old 0%HE X FelAE
49 W oo 4 A

Cp = CF[l +2(%)+ 60(%)4] (3.42)

A7IM c= G ANS A8 AHEEHE A Zololth
Holxz= F7b 1x10 Beh &S wole o] A& F&3 e &
28 AL o] HoAM AgEe A pEASFE R BA g
o]o}A] Kirkman &2 198019 E7l& F71E(foil type appendage)ol U
sto] AMRSIES U AN ES skt
R <5x10"Q o
C,=146(R )"  (t/e=0d ™)
C,,=0.466(R,)" " (t/c=0.22L 1)
5x10" < R, <5x10°Y o)
Cp=0.172(R,)" """ (t/c=0d )
Cp,=181(R,)" " (t/c=0.2YL ™)
X+ AR (linear interpolation)S 2 -8-3FH

ol
92
k=)
ok
S

<
o

Lo
ofy
B
N
2
=



C), =0.00293[1+2(t/c) +60(t/c)']
R,>1x10"Y w
CD =0.03R, "' [1+2(t/c)+60(t/c)']

ol FHELS W& Holgz & A WY AoHA AIFgS FAs}=H 2
a4 4 Atk
ol THES MM AFS ANT W AR He Ve FI
w9 2uj7} Hojof ftt o] AFoM AlgEHedHlE = FE T
Hell= @ dolo] BAEFS AH&stolor ot 27 de] A 3 (foil
parasitic drag)-< —r/\]@' T AUTh
Hoerner [3.37]¢] & X e}* 3 (spray drag) Dgpe
Dqp o.z%pv%fu (3.43)
A7 t,= A Aojde] Ao & FA ot
z2de 2EHEV A9} vinyA AZ2HA ¥ &S 57 AT
A4 H(palm)o] 71¥1A A& W o] A4 Ho=w Qe FriH= A
Dpg 73171 918} Hoerner= W9 &4+ AHEsHAH
h 1/3 1
D, =0. 75CDP,L,m( 5P Wh,pV? (3.44)

A714 b= AAZRHoEREH Aol AF e Eo], W AHAA A
A% dAF e &, j= AAZTY FA (FAFE2E 00167, ©] W z,>
ZEHES] JERFEH #Ho] A XA A, Cpp,,o DE HOJ

3
T BEAYE 71 ApE Y] B9 065 Ve Aot
=]
B

Hoerner= A& &2 RI7LEo] AAE 2Xe= F53 A4S oA
et Al == AZAAE Dol tisted ts A3 22 ALMAS AAS

At
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1 0.0003
Diyr =5 p Ve {0.753— } (3.45)

t (t/e)

A7A 1 AAG ool FelAe] Ao A A, = AA s}
oloA)= FolAe] Aojgke] = AololT).

B ZEHYHY FE5& FEWPdd dete AAAS 7HA L o o]
Be F 2EGE B/ FolA AEet 2719 SHH gggo] gt
= HYZ 2EHE AT JEL WA EE(cross flow)S F3}7] ¢
g a3t

(1) Drag of shaft, Dy
2
3
(4) Drag of forward and after ends of the cylinder, C,p

Hoerner7} 196540] @ wlo] m=w %o 2748 Agsie] 73
Reynold’s57} Re <5x10°Y wjoll= thg 4o] A&}

Pressure drag of cylindrical portion, Cj,p

)
)
) Skin friction of cylindrical portion, Cj
)

1 .
Dy = EpLSHDs 1(L1sin*a+7C) (3.46)
A7NN L= 53 B9 A Ao
= %3 wAye) 47
a= F50ET o] Wiko] o|FE % (Figure 3.24)



Figure 3.24. Shaft and bracket.

Kirkman 52 1980'del A F7tee] 454 73t FHASFS 73
DA A 2o AEH 2o 9% Y 4 A (pressure drag) Cpp

el 2452 tehpol A

rr

rir

Re<1x10°¥ W} C,p=1.1sin’a
1x10° < Re <5x10°°]3L, a> Y Wl Cpp=—0.7154l0g, Re + 4.677
1x10° < Re <5x10°0]1, a< /Y o

Cpp = (—0.7154log,, Re + 4.677) [ sin® (1.783log,, Re — 7.9415)a |
Re>5x100]1, 0<a <402 wW C;,=0.60 sin’(2.25a)
Re>5x10°]11, 40° <a<90° Y W C,,=0.60

714 Re= VDc/v, (=—"T1.54log, Re+447.7
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Re <5x10°, Cp=1.327Re”"°

5 1 1700
Re>5x10°, Cp= v & (3.47)
(3.4611log,,’e —5.6)

A7 Re= VLe/v, Le= L/tana, Le>L ©]3, L& %9 Zo], vpaA g
AA] ARRE = V|EHAE L F9 A O 2 7 Xlength X diameter3};

2ol

FK
i)
X

o] HES ARt BolAE Ao FHAY dEH FHE FoA
Uetds A Cpps F7ste] Folof gtk
oz o] Y7EA Tt AE W .= 0.90cos’a
Ux S SZA HEAS W Gy, =0.0lcos’x
0.029
HE E Cpp= C.S._ /8,
A7N G FAAY EAZCE 71202 3 Reynold'sFoll Ao mpz

A Agolm, 8, FAAe] AFEAH R wmRLT 21, 5E T4

A gho] AikE o]z
A Aol & FAAZ = AS WMP;— saH 3 [r(R—7)] S 7=
o7 ARESHA T

Holtrop#} Mennen [3.43]> T4 Frl=o the o3 234 Al
Al 83t

1
Rypp= 5:0 ng CF(l + Ky )EE Syppt+ Rpr (3.48)

A7 Vee A&, Gy At gk ITTC1957 FA 02 HE AR,
Sypp= F7HES] AFH Aot (1+k),2 B A2 7330t



_ Z (14 k)8, pp

ZSAPP

(1+k,y),

(3.49)

BIE AGAF (1+k)E Table 3591 YERRATE 2 (348)0lM Rya
T F27](bow thruster)s &3 ZolH, th53 o] ol

[

Rypp=mp ngTCBTO, (3.50)

714 de FR719 AA, AF Cyrpoe 0.003-0.0012 F ] grolth F
F S W= Cypp — 0.0030] T,
. Appendage from factors (1+£k,)

Appendage type (14 k2)
Rudder behind skeg 1.5-2.0
Rudder behind stern 1.3-1.5
Twin-screw balanced rudders 2.8
Shaft brackets 3.0
Skeg 1.5-2.0
Strut bossings 3.0
Hull bossings 2.0
Shafts 2.0-4.0
Stabiliser fins 2.8
Dome 27
Bilge keels 1.4

(e) A4 FZ7](bow thruster) AA & =
LNG, Cruser, Ro-Ro, Ro-Pax A T3 4
8 A F719F & Side FA71S A X3} Side 532
AA YEZ BHas el F117

A olth. AA Bldo] A=

o] =7 & F Utk olHg A3} FUHE

gl RAdY. St o s Bdd o8 A

!
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3l HE9 W(step)S flolF7IE ot BHE9 H FiE &S Lol
S scallope]gtal 31 ©]H g scallopAE flsiMe /4 7]
stohobe 29 Fx). w5 fFAdol AFetA 9 scallope AF A &
Bt ASFE AT 233 AFF7E o] H7| wEe]rt

(a) (b)
Fig 1. Paint test results of a Cruise vessel. (a)-bare hull, (b)- bow thruster(tunnel,
grid and CPP)

Fig Paint test result of a LNGC with bow thruster(tunnel with scallop, grid and CPP)

50,000GT ZFAXA] ZPAY Azt ostd AR Edo] 3l
G e AR oF 89%9 AF F7HF AR gridt A"
1.8%9 A3 F7H7t < %U}(Chun 2009). 18l=+= HYE YHEZ <
FE5S AA e a7t Y3 o2 Qs w9} FAANS AAE
23 AE Al "HdE Wi z2de) &4 5= olgd %
Aolete &7/ 27] e Bl&S7tE 1HstugE ZPAE
A7) 98 7PHdummy) Z2HEE AxsE Ao =tk H
of ZAee] EA R wet RYPAFNA 7 ztol7b oF 1-2%
S 2 UETh

-
.L
o
8
dﬂoﬁ‘,

e =
4z

oMt o o Mg
x&



wel, #7hE AF 3

o
BA =

| Table 3.29} 3.3 Fo{%

[

o))
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322 A<} A F(superstructure)®] F7])A & (air resistance)
3221. vj4
H}Elo] sie 371 T

R
Mo
o
ol

3}le o 7 A] thFol At Re >
Table 3.7°] YeRHA-

Table 3.6. Examples of approximate air resistance

Service Service Air
Lgp speed power drag
Type (m) Cp Dw (tonnes)  (knots) (kW) Fr (%)
Tanker 330 0.84 250,000 15 24,000 0.136 20
Tanker 174 0.80 41,000 14.5 7300 0.181 3.0
Bulk carrier 290 0.83 170,000 15 15,800 0.145 25
Bulk carrier 180 0.80 45,000 14 7200 0.171 3.0
Container 334 0.64 100,000 26 62,000 0.234 45
10,000 TEU
Container 232 0.65 37,000 235 29,000 0.253 4.0
3500 TEU
Catamaran 80 0.47 650 pass 36 23,500 0.661 4.0
ferry 150 cars
Passenger 265 0.66 2000 pass 22 32,000 0.222 6.0

ship GRT90,000




Table 3.7. Approximate values of drag

coefficient for bluff bodies, based on frontal

area
Item Cp
Square plates 1.1
Two-dimensional plate 1.9
Square box 0.9
Sphere 0.5
Ellipsoid, end on (Re 2 x 10°) 0.16

Hhgho] Sle w Adubo] @37 et Tl 3 & =< Figure 3.2

oxek 2ol gejH

1
R, = 5P CpdpVi (3.51)
A71N A, wigtel guisEe] U@ Auke) £7 Foud, V= A F

olal, F71¢ Mx p, =1.23kg/m’°]tK(Table A1l ).

A% Bdo| st FEAP(wind tunnel test)e] A= IubHoZ 4.5 A}
&3t dgm] WKz )9 FE(drag force)] Fo2 AL A= AFY
A g Aotk

Figure 3.25. Vector

diagram.

3.2.2.2 Shielding effects
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shute] A7 84 Fo B Al ZRY & 848 Had F 7Y
(Figure 3.26(a)), A #As M(sheerline)ol] o3+ WHFe AFE B5E 4 Utk

(Figure 3.26(b)).

G

Figure 3.26. (a) Shielding effects of

superstructure.

Figure 3.26. (b) Shielding

effects of the sheerline.

& AL (scaling) &7} §1o] 73k & ), = Oy, ©1Th
Az ek AP A F714F =H(diagram)s= Figure 3.279 A= 9]
€ ¥ K(deckhouse)oll thet Al FEAIE Hlo]H = Figure 3.28¢

o} e
ERRGITE o] A9, OvE (4,/29)9) Folck



Co

Relative wind ﬁ
| angle |
T
90° 180°
Head wind

Cp=0.6-0.8 based
on relative wind velocity

Figure 3.27. Typical air drag data from
model tests.

Hpgell o3t Ag HiolEe dutd oz 40 9 A AFE Hdk A |
H(frontal area), = FDWH A5 7|ECE UET. Sl Adad
(shielding effect) Woll, Hthe] ¢, dubdgo=z 30° 9 vl Z=olA
Ui 0° 9 vl ol Me Dol tkFigure 3.27). &L AAFAAN o=
ol 2§31 Yeoltk

o

C,-10°
12 - ¥ T T T Y i T T 7
L. Deckhouse configuration a N —&
b [} 4 N
us c x
8 d v [ ]
L « (sharp edges) a Y
- (round edges R=2.7m) ® { :
4} « (round edges R=4.2 m) 23//
0k P /‘%
. -
4} X
i N
ey |
L - I} i i i L d
0 30 60 90 120 150 . 180
YR()

Figure 3.28. Wind coefficient curves [3.44].

ARbHQ AAREe] FEEHE AlFAde wEW F4A4% ATl sl o
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»=0.80°]3, A 9 AA] 3 & ¢,=0.25 F=

C = &g
F = dolgr) gle A% ITTCHM=  F71AZS ¢, =0.0014,/55 At
$3718 AABT 1A A, oA 9 A R AR Y FQREoln

= AA AFmEFe|tk o B, D,, =C,,x0.5p,5V 0tk el tid
A A F7I1AT gL Shearer and Lynn [3.45], White [3.46], Gould [3.47],

Isherwood [3.48], van Berlekom [3.49],
Barbeau [3.51]914 Ztol= 4= Qlth

Superstructure shape Drag Coefficient

K60 B : Cp=0.88
1T
7777777
//NO 17 Cp=0.67
) I ——
7 //////
DB Co=0.50
! N —
No. 3 =
P20 ///>71 Cp =0.56
! [1
7 LA L LS
% No. 3a / Cp =055
! L
/ No. 4 CD:0.64
] I —
No. 2 3 Cp=0.50
I

The aerodynamic drag coefficient Cp is based on the total
transverse frontal area of superstructure and hulls

Figure 3.29. Drag on the superstructures of fast
ferries [3.51].

Isherwood®] ZolWar zol tigk F7]* 30 glolElol] that 3] AL
24 c
L T P
q—%+4( QB2+4 TJ f+%u@
F
o] 714 Cy= X

Blendermann [3.50], Molland and

(352)

(3.53)
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pa B71LE(Appendix Alo|4] Table Al.
SHEGHZR, 4,© A FIWZF, s, TS AL 2Y(AHHH rfE
o &7 & AA(slender body)e] SHFEFY =d 20|, c= AFEH
B SURARAL B9 AR, 1 SR B LS I kin

=
&~
flo
>
N
o,
&
rr
rx
i
B
&~
flo

AG A, — A, E B2 Table A3.1°] YERAATE ol
W 4,9 4,5 00l 5,9 Mo Axke FQdx
(preliminary estimates)=, ¢/L=05% AF&-& 4 Utk

= ﬂ
I‘E
pics

jus)
R=)

o2l o

e

A 114 Hg [351]4 A& Fo] AZ tfat Z=EHY9 A
| £S Figure 3.29° YeRHATL

£

vl 93k 1ISO A3 F7) +3

Aue) A A Higke] AgALd i 150 AAE e 2.

Ry =05p,-Coro - KWy) Ay Vi (A-1)
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Figure A.1 Wind resistance coefficient in head wind
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Table Al.1. Density of fresh water, salt water and air

Temperature, °C 10 15 20

Density kg/m? FW 1000 1000 998
SW 1025 1025 1025

[Pressure = 1 atm] Air 1.26 123 1.21

Table A3.1. Isherwood wind resistance coefficients

Isherwood wind force coefficients

vr (deg.) A0 Al A2 A3 A4 AS A6
0 2152 —5.00 0.243 —0.164 — - -
10 1.714 —3.33 0.145 —0.121 - - -
20 1.818 =397 0.211 —0.143 - - 0.033
30 1.965 —4.81 0.243 —-0.154 - - 0.041
40 2.333 —5.99 0.247 —0.190 = iz 0.042
50 1.726 —6.54 0.189 —0.173 0.348 —= 0.048
60 0.913 —4.68 - —0.104 0.482 = 0.052
70 0.457 —2.88 - —0.068 0.346 = 0.043
80 0.341 —0.91 - —0.031 — == 0.032
90 0.355 - — = —0.247 ~ 0.018
100 0.601 = = - —0.372 - —0.020
110 0.651 1.29 o= = —0.582 — —0.031
120 0.564 2.54 — = —0.748 — —0.024
130 —0.142 3.58 = 0.047 -0.700 - —0.028
140 -0.677 3.64 = 0.069 —0.529 — —0.032
150 -0.723 314 = 0.064 —0.475 - —0.032
160 —2.148 2.56 - 0.081 - 1.27 —0.027
170 —2.707 397 =0.175 0.126 —~ 1.81 —
180 —2.529 3.76 -0.174 0.128 = 1.55 =
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