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SUMMARY

| . Subject

Development of Attitude Control Technology of a Super-High-Speed Ship in
Waves(III)

II. The object and importance of the project

In the advanced countries, super-high-speed ships with hybrid hull forms are
developed and the necessity to develop those in our country is increasing
rapidly.

In general, as the ship’s speed increases the ship’s motion in waves increases.
Therefore, the passengers feel bad and the equipments are damaged in high
speed operation without automatic attitude control system. The automatic
attitude control technology 1s one of 4 key technologies for the development of
super-high—-speed ships. The purpose of this research is the development of the
automatic attitude contol technology to control the motion of a super-high-speed

ship In waves.

[lI. Contents and extent of the project (3rd Year)

@ Conceptual design of the attitude control system
& Design and test of the attitude control system
> Manufacture of the attitude control system for a super-high-speed ship
> Test of the attitude control system for a super-high-speed ship
< Development of the prediction method of the hydrodynamic forces using
a 3-dimensional boundary element method
> Stability analysis of nonlinear motion
> Calculation of wave forces on a catamaran

IV. Results and Recommendation for Application

A) Results
& Design of optimal attitude control system

O Results of attitude control tests of the catamaran

1



& Program for nonlinear motion simulation of a catamaran in waves
& Program for the calculation of wave loads of a catamaran
> Experimental results for fins

B) Recommendation for Applications

O Design of the attitude control system of a super-high~speed ship
& Development of the attitude control system of a super-high-speed ship
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Table 3-1. Principal Dimensions of the Catamaran (KS406)

1.8
0.472
0.1295
0.0570
0.01929
-0.1109

.] I B (Towing Rod)3} 4}3}A| A %(}Ieavmg Rod), +& 74|55 -&(Motion
Guage Rod) 2 7}1&£& 7 S o7 o]lFoA U FEAZS A 5L Fig.3-19
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Table 3-2 Characteristics of Control Fins, Moving Rod and Struts for Tests

of Attitude Control System 1
{ Modet! Scale )

Fore | Aft

Strut Height (mm)
20

A 159.4 | 112.5

Moving Height (mm})

Rod 190.0 | 143.0

Fore Fin :

oeFin ;-
Control Chord 135 X2 1100 X2
F|n =40 mm

Station No.

Aft Fin

NACAQO15

Chord
= 60 mm

Fiap Chord

=15 mMm

Height from
Base Line (mm)

)
I H

Table 3-3 Characteristics of Control Fins, Moving Rod and Struts for Tests

of Attitude Control System 2
( Model Scale )

| Section | Fore | aft

Strut Height (mm)
30

Moving O Height (mm)
Rod 270.0 | 223.0
D=5mm

NACAOQQ15
136 X2 100 X2

Chord
Station No.

Control
Fin

= 80 mm

Aft Fin

NACAQ015

Chord
= 120 mm

Flap Chord

= 30 mm

Height from
Base Line (mm)




a. Accelerometer f. Fin Dnving Motor
b. Resistance type Wave Probe

c. All Movable Fin g. Flap type Fin

d. Fin Driving Motor h. Heaving Rod

e. Towing Rod 1. Motion Guage Rod

Fig. 3-1 Test Arrangement for the Attitude Control

System of the Catamaran

M SEAZT Aojie FEE& 0055 secvltt FAE RS ™, AIZF TH
| kT Flg 3-20) zpAjAjo] Al A" YT f+ 2T
7V Vel 9t S F3AIS S A/MD HEE ARSI 7t AZAY 2RE A3
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ol g HlAM e =S st

Aol BFPAe] BFHA Afolo 227t HAXHo] glom, My AojHte
JFI} &% 2L ZAV|9 Arts AR FAHULE An| Aoj#e 9
23 Q& & A7ie FH(Flap)o]l v Aloj#oz FAH 1, EH
o] Zole A Aol9 0259 It Adn AojHel Ay EYHFET &3
ole, Ar] Aloj#el ZH H A AojA2 ZFH 5L Aolstr] #st
of 15" oJuiellA FZO|=F Hojdx, TFFAZC A HAF 4749
DC 27} dAjsoiglon, Aojia ¢5de §o2 AZHAU

PC80486
C
Control Command
rv .

Motion Measuring

Potentiometer

System

Angle

Fig. 3-2 Block Diagram of Attitude Control System

&AL FHRAME Aojdly] st AFEE Aol 93l A= FH
(Lift Force)®} 31X] R W E(Hinge Moment)= Ao AlA®le] 2Hgo T
3l grola, T3 3% BWES ¢ TE &F& ZAAHsted ARHEHUY

ha] 224 59 ©]2(2-Dimensional Hydrofoil Theory)E o]-&3lod o]
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ol 3 X RAHEE AAESEH oh.(F T (2-2])

e TEH F[2-3]d 9stod R AUl
A SWAMO £ ol&ste ®r1d3 A, g4 AT, =
o} o) 5 (Control Gain)2 F3l+d] AR Er1a & AS:
2.0, Fn = 1.0149] tj3t Zo|t}.

o &FHY T2y
AH & ALbstkg. A
ot 74| A= ML =

3.2 4Ag Zi
28 2712 a3 2H

Table 3-4 Test Condition

Speed (Fn) 0.548, (0.786, 1.014
Wave Length (A/L) 1.5, 20 25 30

Fig.3-39l+ Ao A28 (1)S AMEsl A& Ao di3t T2 4
&ts 8o digt Aoy gart vey ok AA A AS FFRAde Wt &
Aol o] A"l B9 AslElele %A AR Xsirh. A4FEAE
Hg B Ao aaes AlE SE27F A et st Ae & 7 U
=], o]R& Aojwel o] Ul w#dy) wiioltt a2yt ¥orA%
A, gz Z2AHLS ~EY o]2(Strip Theory)dl] &3 F2 Fuko] 3
gt o 4 UArh(Beck 5[2-4))

Fig.3-49} Fig.3-59] Table 3-2¢] A+ A|ojd A|2®l-& ARG3dlo] 33l
AT THAA A 237 BAA gloed, 2t I8 HIF Fad A

Al E A 2 dHolL, T FEFH AAMAAE "l*’i}“}ﬂi O AIE

Ol

Fig.3-67} Fig.3-7°+ Table 3-2¢ v Aloj3t AlA8E AMRst 33
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(za/ Ga) (Ba/ k ca)

Heave Motion Pitch Motion

1.25 15

1.0

0.5

0
1 156 2 25 3 35

1.5

1.25
1.0
0.75
0.5
0.25
O

1 16 2 25 3 3.5 1 15 2 25 3 35

za - Heave Amplitude Ca : Wave Amplitude
Ba : Pitch Amplitude k  Wave No.

(* : without control, . with control)

Fig. 3-3 Effect of the Control on the Heave and Pitch Motion

of the Catamaran in Regular Waves
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Fig. 3-4 Experimental Results in Regular Waves(A/L = 2.5, Fn = 0.786)
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Fig. 3-5 Experimental Results in Regular Waves(\/L. = 3.0, Fn = 1.014)
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Fig. 3-6 EXpenmentaI Results in Regular Waves(AM/L = 2.0, Fn = 0.548)
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Fig. 3-7 Expenmental Results in Regular Waves(A/LL = 3.0, Fn = 0.786)
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o Fhetvt@io] AEE o] ou] Adedte] Sofzk MurE itk oleie %
n&Ae oz AYHE YRELH FFobAlor AAAY B we} 5

87F A& F7tselet d St
HZEo 52 Flebvpg A (Hydrofoil Catamaran)e] thd 11&4 3

3g wm glon, oo HE HHFE LE S

ol ?} %—ﬁﬁi}ﬁ}%‘- F+E AEdeld At X 2%

B Ao A= Salvesen, Tuck, Faltinsen[4-1]2] Z2E ¢ HHH(STFY
H)E AL FRlats YotdE AT, 97|18 ss A
Ohtsubo & KubotaZ} /\}%ﬂ HE I AR B

st d& Tt gof AEslv sAHE(EHS
Bl dE HA &5 3“"‘45}31 ZEA Ajo] Al gl d S T,
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AR B A7l ME eF gl /HE 2 AT oA 25 daA 2

M 4
Eitt, MA S dsiHEe 159 Be AF} o]FojH gton dutxo
2 ZAEE L A &5 HHs] HAE2TWHAG AL P
ZREAE Fig. 4-1914¢F o] 374 Foll 2t zo] ALgHEh  (xo, Yo, z0)2
T FHHEAC|L, AAISE Holst=d AFEET

"9 Uy =
y
)(0 X
X
Fig. 4-1 Coordinate Systems
QAatste] ST TUME thed} go| Fojuth
@I(XO ’ yO, Zo)e iﬂ)[}t — (iga/wg)e “ik(XgCOSﬁ'*‘}’nSinﬁ)e nge 1wt (4_1)

A 71M, ax ‘?:]"‘]'—‘ﬂr REZol31, wpd IFXFF, ki FF2r/AN), A= FH, g
T H7bE R, gl o] Zlsjulako|r}

T2 ﬂ}%—oﬂ A A A &F-S Salvesen, Tuck, Faltinsen[4-1]3} Beck[4-2]¢] £
EY o]&& ARt F& + gt old Y3t A A& e 2
=
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{_wg(Mjk+Ajk)+iwijk+Cjk} Cx = F}"‘F]D 1=1,2,...6

(4-2)
A71M, i KEEe BALE AE M 3% 3%, Aps RAE%YR,
=

8tz Hogd F.= Froude-Krylov 713¥,

Fie Atgk 71730t}

HE A2y 74 A4 Frank(4-318] 222 EXyo] 93k ZAAA AP
2 Fon 7|48 Haskind#AE o] &3l 3ot

43. A3 NMES 349 B4

14 Jietutgbd o] M Aol E At F£Fs FAst=d oA2rhA] 3§
7F 7bs stttk Fin stabilizerx® 4% A Ao #(Fin)e dAlsts Wy} <
& AA Alold AA Xz +FUS FH}:
off AAHo g2 FFdE & uox A (fixed part)®} 7}-5HF(movable
part)?] R o] tddd F Ut

= HolXe s FhEpntgh Ao 4B A Atolol HAIHoR RAH FF
ol & o] &3 AAAO] H5S WA stnA st FF e dHol FUF A%
22Hd 75 oS ARE g vk 2xkd 59 oL olEAHeR #

Nog Aoy Ut




o F¥HAF=E oS4 2o
(Cp)std = 2ra + 4am (4-3)

71, C; = L/—%— oU®l1, ax dZo|n, me 738 H)(camber ratio)

h=3
Z o] 3+ 74§+ Newman[4-5lojv} ZH3[4-7]2] vlwiol. oA FH
Ala7F T3 2ot

(2) AZ2USoA AAHES0 Qot 0|™HA UAMF

TRAFANA AR = 5o L= Fro AAFEA 3t vlAHA
FEHHES MY v|AAY 52 oEo oA dofXliY. oA Newman
H 2

4-5]9) 2 Al Eo} Ut ArE(gustio] o2 RE FaITH

(C)wat) = | W(K) ] -(cL)mp-sin[ wet+arg{W(K)}+—g-] (4-4)

wH  exp (—kd)
U ’

A7IAM,  (CL)wamp= 27
W(k) = {Wl(k)“iwz(k)J’( -l 2'13)11( i2“)}

Wik) = {(1=FM( &) +GUaJo( %)

7 )

(4-5)

W(k) = F(k)Jo( %) +G)J,

—

A71A, t= AZH cE 599 Zou 0.5 2 AFF, 0= H9 AF T,
kv 3(wave number)o|t}. 2gl3, Uy AMute] HMRAET o)1 de F5Y
o] EgZololtt. Fk® G(k)= Z+Zh Theodorsend T(k)& AT s
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Folth. k¥ reduced frequencyolth. AJZE tof| A Adute] FgAHoA T E o
xolT vgHeR Fojn,

h,(t) = %ﬂ-cos(a)et) (4-6)

A& 4= glrh. o] 7% Ohtsubo & Kubota[4-4]ol A &} o] 2712 ¥ 9
HH HIFE 7 Aot AFe AA &5l 2% FHe vHAHY B2 ©F
FHoz mste Wil i, FHAE £y HE MAUIte HeH
g n7d Wyo] gtk 2 ReMe ERMEHEE AMRsRed, ¢E2 t
=3 o] FAlEH.

(Cpy(t) = 2 {( E3(t)—x¢ E5()/U + & 5(b)) (4-7)

4) 2572019 A

TFo] AfFRHA 7lzto] HI T wEt FFHY B K €AY A2
AFZo] Zhagth, 2 Hoxs vAd A& A4S w5 S50
ek WA efetha ZHASY 4 Y dihess YEE =
AT Csu(d)= Ohtsubo & Kubota[4-4]9] A4 EdA e AFARERE A
o] AE A&
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Csuf(d) — 1_6Xp(_'arg)
arg — 2.079d/C + 01333/(CL)std fOI'(CL)StdZO.l (4-8)
= 2.079d/c + 1.333 for(Cp) g 0.1
gl AEG FFd g AX $Y CLOE ST go] Aol

)=
(CL)tta(t) = Crod " Coui(d)  {{CL)qa + (CL) waolt) + (CL) mew(t)} (4-9)

4.4. | M E= ol A

5 3 A I?.iz%lg oo 2 st daol AEhE %—— HS st vl 43
AAZEY WYe AL

22k G FAY AAS TFranke 29 AR IXYP S o] &3}
HEo) 2ol sty AT JAFgr2 258 @ 5T
AE L 741/&'3}‘7 A F-Eo ﬂlﬁﬂfﬂ Aol ¢=0 £

3
2 %rﬁ—i“—iﬂ ME 77hi A BEY itk 13,
31 7}p ofF Zotd B wlHF aurt Aol Aleix|a AdFelEy FokAk

Z otE Y3t sk :

Pn(R) = ¢L(®) - Pr(e=0) + Pn(R=0) (4-10)
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o714, 2 Le HEFolAe walol s Mso|2 Abolm, N& ZA9}
AfERS] FUHAANE el vol dF MHE FAY Aol ofw,
37} o}F zow L Nol gfsh A4A7} golxA €,

) FEE 8T} FAF, wE A AAAN A FE AuTe

7t & %‘i‘”—«] J}ET H]"““ﬂ T&2 i F Ut

Azl & AlEdHoldes T3 o 7} &9 HA4E <% ¥ (Slamming
Force, Impact Force)¥} T3] A&t 33 Al4SEH 2.7, Runge-Kutta
4z "yl ojsled Algdloldo] FPEHUL

45. ANHO A2tER R A&

45.1 W2aHY

LA Ao Aliboll AFEE M3 & Kang, et al[4-6]2 zFAjA|o] B3 A H o A
AHEE 1.8me] FlElnt A S iAo =2 sttt old dig F Al A
o] EAXEL ztz} Table 4-13 Table 4-29] A& ¢t

Aol B Me] HFdAAlolo} 227 HAAHO glom, AF
A2 LEFRI 2 A9 H7ls FF5AE FAHRY A, @Y
NACAQ020°|c}. AMujAloj#E& %3 L EF 22 =A7]9 EF;(Flap)el
= Alojeg AR Qla, 3] Hols d. A Zdole] 0250 siFstH, ©
H A4S NACAOOL5e|th. ArjAloj#te] 5 EF-F 8% 3oy, AnlA
?ﬂ D AFA TS Fhelnlghd o %%—% Aojstr] $sled £15° o]

e
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Table 4-1. Principal Dimensions of the Catamaran (KS406)

Table 4-2. Characteristics of Control Fins, Moving Rod and Struts for

Tests of Attitude Control System

( Model Scale )

| section | Fore | A
Strut Height (mm)

V12 | 1504
O

|D =4 mm

H

190.0 143.0

Fore Fin : Span (mm)
NACAQ020

Chord
Fin =40 mm

Control

136 X2 100 X2

Station No.

Aft Fin

7 0.5

NACAQO15

Chord
= 60 mm

Flap Chord
=15 mm

Height from
Base Line (mm)

35
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Table 4-3. Nondimensionalized Control Gains

I N O T T N
172303 | 38.3751 . . . .

F

14.1175 | 74.9186

453 AHLIEY R HE

Table 4-19A AF ¥ Zlelolgtidol] 3t FF2aF A A Al F oA
g F85t¥Y. I A= Fig. 4-201 H 9], Fig. 4-39 &%, Fig. 4-49 4
-0l Aojgkel zF M9 Fig. 4-50 &= M- AdvojA|o]sdo] 2E8l= Fo|
AlElo] 1o, Fig. 4-69lv AAFTEY 248 % AXZA T vl it

HEZ & Aeetade] AAxle] 4% e MAEt] st STF ~EY %
wbAR BHAS, B 1D e Adsn FF g g B

o2 1
Hol22 AbEste] AT AMFo] AgsE AL neld vHYE HAL
g ANstm, 3 A% AAA AFd M AW ALsAct ol A

cto 2 o] Wyl FAMAL Fste] & JlelolgA ol zAAo] AT 3
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(1) $3kAG8 (Racking Shear Force)
Fdol e BHFP Hold] o3k AT
(2) =3 122 (Side Shear Force)
Fo| et FHRFA oo o A
(3) =3 Ad G =g (Vertical Shear Force)
Feol Agate sAGAe ojo] g WL
(4) 3 F Y29l E(Vertical Bending Moment)
Fdol Agate SR Folo] P wHE
(5) 3£ 29 E(Pitch-Connecting Moment)
Aol Fgote HAEWES] zpoldf| 23 FAYY FHE
(6) +HET LY E (Yaw-Connecting Moment)
Feol] Fg3e QURWE oo &g S wAE

AAZrHe] FA&stFE Fguhdziol wel A Xy FRAFIR
AXdGE e HA A= JgFoA dojun, FATEEUES FHX= 4R
F2to] 60k A7 & Abghol A °‘°1‘Jr Ao 2 dex Ut A,

g R dujat JeHdiM e FAHGE Y FAZEEHUET Fo] HH o= 9
Bg2dlF AEeS HTEolDdd 7HY & 32 27 "io|th. EI 43
12 % (heave) ¥ Z&E(pitch) 71559 PSS IAA W=
t}. Kobayashi[5-3]= 3a9l So]d ExHo| o3t AZAZTTe] 3
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o] ﬂg 92 olRojolsls 2P ERH WYL 7 4 Utk WA Fig. 510
EAE A 2ol H$2 By AENAY YWTZES AR 7} ©F
QAo 2gshe Y FAYoloo] AUE GEHAZRE BIHE PYYo
Axm o] o] o] A&t FHBEFol Aok 2z BEAA U 2
sugAe A8 Weo 58 PPzHo2RY e go] EAVG

94 HYE ¥ $¥e Zze FAFAY W9E (Xo, Yo, Zo) =
(Xor» Yor, Zop) 8 3t Aol Az Moletstn #5d AAel 243

Aol 3 AHAAEFHAE A4 5 k123456, surge, sway, heave, roll,

pitch, yaw)2} 3}&}. 18] 3,

XGL ;7'1 _l':_ly 7;6

YGL _— , 772 , (5—1)
ZGL 73 — ly 774
XGR 57.1 _':_ly 7‘7-61
Yr|=| ™ (5-2)
ZGR 73 + [y 74

A71M, L= AAPAL ABFHAM FEFA 7HA9 y HAFoly HYA
AAREZHY x BT AXe 474 dsdA FAFA x A2t 4
¢ Aoz APt 2w, AA FAFAY 2 AEE L2 A



stem Az

‘\ ’ @ GI.—_U"V

port starboard

Fig. 5-1 Coordinate System and Sign Conversions of the Wave Loads
at the Deck
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A, Ao tal 47y st RWe) BFAA WY Yo} FY=
g Azhshy,

XGL Fr,—Vi
2 _QL L2 2
Zar Fi3— V3

& 71 A,
Fr; + #dAA &A&st= j(=1,23)4& &4 E(radiation, diffraction &

restoring force)
Vi 23R j(=1,23) HF AdH
op7 R 2 -3l diste] o] B¥xnS Ay,

Xcr Fp+ VY
jg Yo Fr+ V3 (5-4)
Z R Fr+ V3
o 7] A,
Fgpi © F8AA Z&3t= j(=1,23)88 &7 A H(radiation, diffraction &

restoring force)

A Aol N WH LR 22 Ad7 $de dEMAd U BFg £

o},

g F40 Agste A VL V5 VS & 27 A8 AG-4HdM 2(5-3)
VlC = %"(Fu — Fp — MZ}J}-S)

Vgc — %(FLZ — FRZ) (5_5)
—%—(FB — F + M7,

Y
|
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Isg Iss I 75| = VC+1,._,—2— X (5-6)
Igy Igs I N 3
d Vel g’-’ X,
o 7] A,
Fi i, #HdA gsAdAe HELE Oddl i3t j(=456)3 &A=
= ouE,
1% AAzZTe j(=456)W3 RoHE ue}stF
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TABLE 5-1 Main Particulars of the Model Ship

item value

Length 37.0 m

Breadth 8.0 m
Width of demihull 26 m

Displacement | 125 ton

I,(yv location of right hull’s c.0.g) 0.17+L/2

[.(z location of right hull’s c.o.g) 0.12xL/2
145 156 of left hull 0.0, -0.0104*M=*(L/2)**2
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Fig. 5-2 Nondimensionalzed Vertical Shear at DK for Fn=0.4
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Fig. 5-3 Nondimensionalzed Vertical Bending Moment at DK for Fn=0.4
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Fig. 5-4 Nondimensionalzed Pitch Connecting Moment at DK for Fn=0.4
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Table 6-1 Lift Force (gram force) versus Various Submergences
and Speeds at a=0°
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Table 6-2 Lift Force (gram force) versus Various Submergences
and Speeds at a=5"

d v (m/s)

imm) | 0.4 | 0.6 0.8 1 | 1.2 1.5
5( 54 28 245 33 -398 677
80 46 89 271 154 -190 -457
100 52 111 | 281 220 -67 27

49 | 110 257 263 36 127

200 46 97 189 238 129 28

47 | 102 181 262 261 256

400 55 120 224 352 129 520

500 58 130 221 334 425 | 573

20



Table 6-3 Lift Force (gram force) versus Various Submergences
and Speeds at a=10"

d v (nvs) T
(mm) 0.4 06 | 08 | 1 | 12 15 B
50 130 | 214 | 507 385 | 46 39
80 | 123 279 | 627 663 387 | 33

100 124 285 | 618 07 | 479 | 454

130 120 282 576 788 616 544 |

150 119 276 1 554 303 772 | 790

200 113 265 | 517 787 | 849 | 955
| 250 | 108 256 478 745 | 840 1009 i
300 | 112 55 | 478 772 957 1204

100 115 260 | 477 766 | 1046 1455 l
104 243 183 77 1089 1595

Table 6-4 Lift Force (gram force) versus Various Submergences

d
50 168
80 | 147
100 164
130 | 118
150 137
L
T
300 141
400 | 148
TS0 [

and Speeds at a=15

1

il

1.2

1.5

06 | 08
B2
342 721
354 703
321 676
331 648
330 607
325 590
326 | 594
332 605
358 658

945
970

el

990
970
907
943
969

515 303 381
830 634 698
— —e .

1018

303 912
950 1133
1063 1301
1133 1482
1152 1563
1225 1672
1314
1429 2122



Table 6-5

Lift Force (gram force) versus Various Submergences
and Speeds at q=20

v (m/s)
(mm) 04 | 06 08 | 1 12 1.5
50 211 355 | 690 | 766 648 959
0 | 176 | 420 765 1128 1056 | 1403
100:] 176 | 104 750 1259 1260 | 1622
0 | 164 383 720 | 1292 1425 | 1809
0 | 167 379 | e82 | 1291 | 1326 | 2017 1
{ 200 | 157 | 357 | 652 | 1191 1550 2087
250 | 154 | 350 542 1078 1608 2241 !
00 | 168 | 363 657 1123 1648 2367
400 127 | 301 | 623 1026 1443 2529
500 177 385 662 1002 1433 2446 |
Table 6-6 Lift Force (gram force) versus Various Submergences
and Speeds at aq=-5
v (m/s)
(mm) 04 | 06 | 08 | 1 12 1.5
50 49 | 153 -39 387 | -102 1738
80 -49 136 | -57 -404 -1010 -1726
100 49 134 -89 395 -989 -1688
130 49 121 | -123 -388 -923 -1559
-39 105 135 343 812 1424
200 -39 98 | -150 -304 662 -1180
250 .33 88 -148 271 558 -1048
400 | 44 111 -193 -308 1494 892
500 | -36 99 -171 -261 -398 -709



Table 6-7 Lift Force (gram force) versus Various Submergences
and Speeds at a=-10°
d v (m/s) _“_-j
(mm) 1 g4 0.6 0. 1 1.2 1.5
91 -286 239 | -632 1329 2203 '
94 | -239 265 699 | -1412 2324 1
100 89 | 26 314 734 1398 | 2201
{130 83 | 220 | 366 749 -1380 222
| 150 | -88 228 396 761 11335 2156
200 -71 -199 -389 -726 -1224 -2021 4
36 220 404 716 1159 1945
| 300 | -84 228 418 717 1157 1908 .
300 81 207 365 633 990 | -1670 |
77 197 368 605 | -903 1195 |
Table 6-8 Lift Force (gram force) versus Various Submergences
and Speeds at a=-15
v (m/s)
(mm) 0.4 0.6 0.8 1 1.2 15
50 1118 -326 534 | 808 | -1437 | -247% |
80 | 157 333 551 841 1554 2571
-124 297 | -506 1920 1568 | -2514
150 -115 -257 -507 -886 -1477 -2437
114 281 527 -905 -1486 2417
250 294 557 | -973 -1511 2549
315 578 957 11480 | -2487
400 | -116 | -291 532 | -901 1443 | -2581
TS0 | s | a7 | s | oo




Table 6-9

Lift-Curve Slope (CL.) for Various Depth of Submergence

(d/c) and Speeds (V)

1.0 | 13

2.699
2.873
2.360
2.863

2658

2.550

2.307 |

2.896

3.049| 3.050 |

2.815

2.51312.609

!

d/c
1.6

2.589
2.77

2.899

2.5905
2.646

),

2.0

2.017
2.206
2.754
2.922

2.807

2.609
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Fig.6-33 Free-Surface Configuration for a=0" and d/c=0.5
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