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4. Movements of a Floating Vertical Circular
Cylinder in Waves and Associated Forces

Yoshimi Gopa*
Yasumasa Suzukr**
Tadashi Sasapa*** .

Synopsis

A floating vertical circular cylinder in regular waves is dealt with as a model of analysis of the
behaviour of floating offshore structures. Wave forces on a fixed cylinder and movements of a freely
floating one in regular waves are calculated by three methods: the strict method by Ijima based on
linear potential theory, the approximate method by Ito which neglects the terms of infinite series
corresponding to the exponentially diminishing stationary waves, and the strip method with hydro-
dynamic coefficients obtained from model experiments. The results of three methods are compared
with the data of measurements of wave forces, heaving, swaying, and drifting for five models with the
diameters of 10cm and 20 cm in the water of 40 cm deep. The comparison has yielded the following
conclusions.

(1) When the wave height and movements are small, the wave forces and movements are calculated
fairly exactly by the strict theory. But when the movements become large, the method based on
linear theory overestimates the movements owing to the absence of nonlinear damping term.

(2) The accuracy of the approximate method depends on the geometry of floating cylinder in relation
to wave characteristics, and thus the application of this method to general situations should be’
restrained.

(3) The strip method provides fairly exact results if the hydrodynamic coefficients are accurately . .
estimated, and it is applicable to the cases of structures of complicated geometry.

Among the movements of floating cylinder, drifting is an interesting one. Experiments have shown
that the drifting velocity may exceed 80% of the maximum horizontal orbital velocity. The drifting
velocity has been calculated by consideration of the nonlinear effects between the wave pressure and
the movements of the floating body. The drifting velocity is estimated from the drifting force by the
assumption that it is balanced with hydrodynamic resistance force in proportion to the square of
drifting velocity. The coefficients of the resistance force is determined as 0.42 and 2.24 for the
cylinders, with the diameters of 10cm and 20 cm respectively, by the comparison of the estimated
and measured drifting velocities.

*  Chief of the Wave Laboratory, Marine Hydrodynamics Division
** Member of the Wave Laboratory, Marine Hydrodynamics Division
*xk Formely, Member of the Wave Laboratory, Marine Hydrodynamics Divison
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BRI 05 bORRICEGE LW EENE L E 2
L30T,

T(=
Fo= —%pga--Tl,-L sq(,liglcos 0d0ds o0

ERHLTIENTED, L LAMBEGH IR0k
OBEHTSH Y, FMODORIF XTI RS B DI EEC
BB, £ T, 0L LL00BHRHT, EHES
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AHRE - SRHRIE - #H E

PRAWTEHE L,

W 2 BORFEEZ BRSO KPS TH 570,
BERT VY o A bHEIhIEHENXEDOE A
WBZ ENTES, 50X (A-1) I X ORM02 5,

EBHE
pr=—ipo i [(A,,,0 + Bmo)ﬂ%

+ 2 Cmn—(ﬁ%‘t-@—]cos ml.-ett—pgz 1)
DERLIcEH, & THEROERM, B o0
TEbTETE BRIZKAC L - TEHEZh S,

F,,,:TS g ::”g apicostdidzds

== ___n'paaz [{(Am‘l'Bm) CO:}}: ﬁo

+31Cin S8 ‘ } X (Dip+ 33 74 Dis)

{(A‘°+Bm> coed y it

w1 cos 4y
x(D.;.;+§ﬂ"D;;>] o
B e b B
Fy=F4+Fy ©3)

Lish, L LEBKHEXTRoTALELA Fuk
Fg tich, ERHIAEREO L FREM LB L OFE
BHHRCT L5 ONKEMTD >, T, KRBT,
BERT VY + LORETH B A, B, C, Dix AFHERR
HOIT 50T, BRAIEED 2FCHAITH Ll
%,

T o CRARAERAOHEER, EREEBEEY A
TWBDTHERL DTS, »EEETER LT
BRI LT, ThERUEETBEHTHEBERT
B aTi o RETHAH D EBbRD, FWETIE, B
HICHEAREFEENTEF NS WL 0 & LT i~
X SR E 5 h, ERNyEERACRET S
Lixt+amEEThH s L Bbhb, REERER® X5
L, EREELEEOHIREATO.058THoTe, T,
EEEE LI ERBRSEOEREE X b, REERE
OBECFORERIE BERAOTN I VERTHS
5 LBEbh5, REREISROC LN LEEET,
Lichio CTEMcBIE I BERTEN Thbh 3
DT, TR 5 AFETERALHETIZL
MTES,

4. BHEOEBOHEZ
4.1 HBRLIBRT L2 v LEROKRERE

3.1 X0, F3A-1, A2 ClR~fcX kT X
5T, WRWESD, BB R X OBKENETHH
HEIhiul, BERHEROFENEbLRIC LK
D, AR X > ThEARE, LTI OHEE
BRDBENTED, L LRA-L A-2%45E
1B Yo, FREROHZIBECHE L CEHHE
Rt THHARIE, ALL S ABIARRLMELRE
G hiEibionC i b, b LEEOEROA%:
HE Lo THE, FRRGOBRKEEC KT 5E
BB EBEYRRDO I OCEDH LR LT, —ET
HETBZENTES,

00, [or=ic {§ +(Z,—2)w}cos O-¢'*
. (r=a, 0>2>—qh) &4
00, [0r=io(n+wr cos @)ett
(r<a, z=—qh) (95)
Tiebh, FRRENERGCHIET S L EOMEOE
ERTF VY e, R0~ 04, 3s XOWEDEREHY
# 2T % Laplace D HBRRMIDOMEE e %,

DX LTRDLEEERT v v A BLHESH
LR OMES L OEREATAERHEN Y ThEh
P P ETRUE, KEHE, REFESIVCELEDD
DOEIEEENCK T B EBHBRIKRD X 5D,

M (fitxzo - —S"_Mg:ap, cos 6d0dz 08
d?z, _(* [
M ar —S_J‘,pgrdrda -
Ifi—;‘:.= gn_q,,gi”apl(z"fo) cos 0d0dz
+[°{7 purt cos 0avar o
coT M: PRRGOBRR
M=pra'ak o
I: BhoBLYE ) 2MCERAEOED
h DIFHERER

1=»m£§ﬂhp4-§c%§? (100)
v AREGOEE I X - TRE ZEH

zo=Eet"t (101)
2o =Zo+nett (102)
d=wett (103)

£ FAOEFIRIE &, 7, 013, ROO~WBEBFIRDS
TENTED, FFELVWHERRMARA-3YBRIA
o,

4.2 PEICEBZIRTUL + LBEOEDRE
ZOELERC I VTS 4.1 THNKFET, EEE
By R® B = & HTE B, KRB, 63, ho~42), 61~63% A
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BRBOEYAERE&E FikhE toES

whiE, BRICGESHFBRAELTHIENTE S,
EhHE:

g ME— 4ipgghlofa
M= HT (hay — g, HO k)]
_ 7pgag*hde [y H®(ka)
N, HPhay—ysHOa)
+ 70gaq*hiofu fu H®(ka)
N, H7(ka)—ysHP (k)
(104)
ETH:
2pgal, f,
_(az_wp,)(M+M,)77——I_I(T(°k%

_ wpga*kfs HP(ka)
2N,  HP(ka) '

(105)

B
23 _ 4ipgghal, fu
~ (@m0 = — e ey — g HP )]
+ 7pga’q*hio fu fu H(ka)
N, HY(ka) —ysHP(ka) -
_ ﬂpdazqzhlofi, H®(ka) o
N, HO (ka)—yzHO(ka)
(106)
Z T,
M,: Btko~TEEAKFTEE S MER
wpa® CON
M, =752 { 2+ } (107)
I,: Btho~tiks KETEE B HRESR
__apa* (a? JE
L=t {—+(qh) } (103)
o}, . FTEoEE MR
. __mpga’
@n =37 0T, (109)

o, : B0 ERFIREE

w},,:%@ (110)

K (104) ~ (106) O=TE—ZKBSL HBRE BT, §n.0%
RDdBrZ LMTES,
4.3 Z MYy TELCEBHEE
3.3 TROENGFHERBRATHE, BEHHIE
AIKRD X H5Iis B,
EBE:
(M+7patqh)i,— %ﬂpa"’qh(qh+22 )8

=—2izpgaCyJ, .(ka)--——sinh jo;s}l:h 4o ptar

—iTpat,a? Jo(h)ﬂn%—ls‘mﬂe‘" ()

LT
(M+-c10)Z0+Co: 2o +70ga’z,

pgaCoJl(ka)ﬂSh—h‘f—e‘"

_ Jy(ka) sinh 2, 4,
2¢,,8o0* ka mx—e ¢ (1)

BaE
I+c1,)d+crb+7pggha® GM 8

+2pa’qh(gh-+220)%,

=2inpgalo i hD) '("“) ~{k(gh-+20)sinh %y
—kZ, sinh lo-i-cosh Ao—cosh A} et

; 2 cosh 4y 0
+2izpga’C, Jg(ka)k—o—h—ze

+i‘rpa?Coa’ J“(ka) {k(qh-i—zo) sinh 4,
—kZ,sinh 2., +cosh Zo—cosh 4} et
Y . sinh 4y 0
2ic,,800°Jy(ka) Fsinh 4, € (13)

RO HBHE 20,20, 0 BRDB T ENTE D,

4.4 BERZEOHEX

35 ORBE TR X5, BHEEOERIE XV
EREEYBEECHET sy, EREECBET
HEERYAGLILENS B, Lichio T EBMNNS.5
DISHFECL>TRDBIENTEBELTSD, &
LR L OEMEEYER L CGHE LisHhi, B
Bixsh EChEMMET LIV Enie b, WEETR
HELFAUEE BT AEERCRADES L TAH
5L, BARLRPENSY, FEEHLIELTVS
el h, Tihebb, BRI LD, ZOZED
b, WL HEERY I TEAEETBHILTE
THREEL, FhN0k? X 5EENRDLAN
i, FOEEYEREELTHh T X W5 Licis
Do LML DOFHHER X » TEBECEREEYHETS
DixichichBETH D, TERERYAD LERE
EREECENTHEECII N oD THEEE TR 3.5
TR EECER D2 RD, BRAEROFEHEED
BlIsEE & DEEHBGEY RO, HREAEREOHR
e 53 5EHOTETE XL TA D &, FHEARE
THBIELCWARBEEN BET I LB EE LKA
», HHBEN IO LEFRBET S, “00L, B
BREENCRIESYT5L &b —EEETENT
5 (B0 B-8BR), £ C, TERBELLODL
BEFEDOMEE RSV DE L, 3.5 TRDIER
HEHPEHRDNODBE-TBEELBERT S,
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BRPOEN FIEFEEH Mg & £ 0ES

ZOERNE LT, RODIERHEFHO LS, B
FEED 2RCHATINTHBEEL, RRD IO
ez o I
R;=—pCsaghv} (11)
ZZT Re: ERiAESHEERD
Co: EREBCR T 5 ERNFEK
ve: BEIEE
Lichio T, CoDfEidibh ik 03 OEHN Fa & Ry
FELVERWT, BHCEREEYHETS EMT
&5, L LBEE TO Lz AERES R T 2 EHE
BOBERS £, EDXdRfEx E BREhbho>T
Wighs, 2T, BULEEOERMEL, Ci=1 Lks\u i
EEDOHEMBEYHE LT, iz Cs DfEXRDTHBZ
teT s,
ks, BRI X, ERAIAHESO 2F
HAT 0T, R 2rbbhd X5, EiEELE
Brhltsz ticiks,

5. RBEELIURRAE

5.1 RRER

(1) Bk

FEUKE, EREBEHNNETARALEREN
ZH5 40 m FHAUFEFARLER Lic, OREBIT
B-SeRLick 5, 81.5m, BX1.5m, X 40m
T, KBKRIKETHSD, FkBRERc, Mk
BLLTAT Y VATRIBRZESLHNENTH S, K
BB L OMEXERB LT A=40cm & Li,
BEREEZ A P vEERETC, B2m, B3 15m
DEFERY I F -+ T—2 —CEREHTBH L T
W5, BEROBKAIRIEL 300 mm, HEEE 500 mm/
sec ThH, ANESRERAERRER T X 5 FiEEHY
RV,

(2) HegE

Wz, BREBESHYHAVCTHELL, T88EL
T, EEBIVEHORAERRvBEtver57,
FEOEHORTIIY L 75 7 A i,

¥ie, BHoRECE, BEHahilEEE v R L
oo FEAIZ, WE7 — 2D TFiBBYRMT, Thic
fERT 5018 - £ - ETHA0N (F., F, F) X0
FHEbIoEEE—2 v (M, M, M,) A5t 68
DENRD %, BHEFHC X > THRIET B E2TE B,
L LSEoBRBESIARECH 50T, EHFIEER
D xR AREHEC A, F., F, M, OFEHE
BXERL, F, M, M, 20%7c5, 31, M, D%

six component
dynamic balance

moment .
measuring point

-

1.7cm

i

circular
cylinder
model

e =

4
B-6 BEHREOMBBERR

HAR, KEE 11.7cm 0B I0ATHoT, Tich
B, KUY F LUK (A-7) OHERT L,=11.7cm TH
3, E-6ic, FEHMERAERORSTRBLR Lic,
BhoEFHOREIE X-Y 7354 ¥ —% A i,
ZOEBR T VELREKEDObOTHBN, EHEE X-
YEE®L-THY, BHERAORIHAL - EONER T
DEETEbLL, BRERERTHIENTES, LI
MoC, AERREL LTHER GBSV RE2 T,
The 225 TELL L BED BHY BIETE50
T, BHICRE > EEY S T oBH 2 HET
HIENTED, Thiz, BliR&kinl5k, FE
NI L > CHEEXZTTLE S X 5 o)y
BT 5B A ENRUEETH S,

(3) &£BARG

SEfTIs - -ER, HEE, FEESITARY .,
TEOHERBEYH D LENEEXHET 500
HTHHDT, BEOHRE XCFOEAFHOUEELRE
TH3DODRFA—-Z DS LDEREGEARYEX -5
ERHOBETY, 77V BECEHELL, ¥2d519
DRF 2 =2 —THHBEOIEOLOMITL, FEBL Y
BAROEFDEZHRID XS, EE (BHUOMKR)
DHEIR L »THIS L,
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" - - B FERED REE 7 < —T5 L 51, f=0.56~
| f { 1L.60Hz & Uiz, ¥fo, WlEWNs LOEHOBGRY
l ” | acrylic  wmsarne, ThbrRETsocHE AR
: 1 acrvlic l//g"ﬁﬂfr B, FRbORIEOWTREEARE 1~4cm &
, ! /st%(ck I CYINGEN wn x5l 05em wremiEefinot, REHE
I il | F—BLisotek Enb 8 ~10WHIE LT PHEx &
l .. H I ot ¥fo, MERERERER LCERHCOWT2ET
 miniafure 14| eights | L, EOTBELEOL EOURL Lic,
| bulb N, /f | 2) ® N :
g | RN —BE ok LEND5~THEL Y, L0
i : LBROFEBERES & Lic, RREZRERCOWT,
I ~acrylic | 2EFOfTN, EOFE E 51,
L _plate | BHOWBC I\ TEEFE L 13, TOMEEE
e PRERIIRET A 2 LIt k> THEBYRF 52 LTH
B-7 # AP E Bo Trobb, BHORHFOREMEE, FEOBENC
£1 8 B 0 ¥ T
= ]
I I il v \s
£ = a (cm) 5 10 10 10
" P gh(cm)| 30 20 30 20 10
BEOME Z,(cm)| —15 -10 —15 —10 -5
FTREER*THw(sec)| 1.16 0.95 1.23 1.02 0.76
¥ O ” T,(sec)| 6.35 3.17 2.32 1.56 0.97
LTEEEREYN Tulec)| 1.17 0.95 1.23 1.05 0.78
v BEEH 8. 0.0257 | 0.0416 | 0.0371 | 0.0421 | 0.0818
BIEEE B Thlsec)| 7.71 5.06 2.30 1.80 1.02
v BEEE B 0.0367 | 0.0315 | 0.0225 | 0.0310 | 0.0448
* AHICIREO XD, RF vy s VOREBREC XZEM, 1%o01

AHRE - HARE - #EH E

ek, BEOEBRYIETS X-Y 75144121
BLBRVWOT2HAOEFHLIBETC E Itv, T &
T, KFERICHEFAOEGHZRET R &L, B
BEoEB R LhboHELHRCEEYRIFIR VIO
Thcnr, XETHHIEERL, ARRGORERLOM
Breifitic, B-TeBBAEoRERL, k-1
CREEBOETL LY F LD TRLTH 5,

5.2 RBRA X

(1) AftRokE

BRI BEGARBR TR, BRI X 3B DI,
ASEEYERCHET D ENTERE, 22T, #
Ry B\ SREETH b Udb AHBREORE LT s »
1o WEOREME L, B-5R LaBEAHEMES X
CEBOBEBHEOPRD 2EATH 5, ARETHL
T BHBERERVTh L BMRIBEERTH DO T, A4t
FEEE LTIXET lecm & 2cm 0 28HE Lic, AR

DI EBRBRETED DHR L - B RHT,
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R OBEY ARG E ke £ 0EE)

HAWER A, ¥BF ok, A, BKRTHE
THZENTES,
1

4= v (115)
\/ (“%) +2T§\}/;_ff .

T for EROBERRIE
[ ANoREHE
c: EHGRE
BEHRBETSHEEEAURBCHERY HHIREHS ¥
T Lo xBE LI ECAHI5Hz TH oo —FF f OB
KfEiL 1.60Hz TH b, Fic /M FIEFP I icd,
A,=1.0 k7B, 22T, BHIBERE,ILHAE -
fix o zAvsro Erlis,
(3) HEAEZEHOES
-4 X 5 HEBERY & 5 &, FAERMGE 2 KTER
Thbb -z FERCEHT 5. BEXIT856%
Ex 5 EethuE, xHADEERE (swaying), z
[0 L Fi% (heaving), y % 3o h OHE (rolling) H X
Otz HEA~OER (drifting) &S b, WECTHI—#K&
E-8D X D, ZORMLbNB XS, =
DRI ELAEE BREDV ABCA-T %, &
€, FTERERE ve ¥RD, REKXFEEBHOWELE
NOEEFRRE - - R 0 LG REIRIEY va THIEL,
HoEARRIELRD,

T
water elevation jlcm

f=1.10 Hz

swaying

and drifting 5:I|__cm
-+

heaving {3cm

- lsec

-8 EEORELES

W, BARBCHAERGYKBOPRICHESE
TobEYRC L, EHrEERECk- s EORR
RV,

(4) PEZ&GOHBETREE

AP, THITX 5T, BECHENILIVEOE
BT 3B a AV B AT RE Y R RD
B, By AHRFEEHI 0L Z2OETHXIE
Lo 3.3 G~ X oz, AHEEDS XUPEERREHD

iniature
bulb

wire

g floating
= circular

support 1 cylinder |,_support
Ty

side wall
side wall

T T T T T 777
E-9 [m&xEaEERBAEHARS
HEELEVDLETH S,

FFHREHACHLTE, B T->3T<HETH
C R, BB L CEBIRE XY, REN KA
CEBELTWETFY X-Y 77514 ¥ —CHE Lo
FHEAzOWTA~5EFEEL, BELS IVKFERE
i B i EBICH VTS,

—HEEREE, L0 AETRESLTHE
TiRE & KFEBEN S b, AERELETRXEET S
ENRTERV, 22T, B9 X 5 c[EREL K TS
IOBBHACOLEETHEERFERE LT, BEGRRE
PRE L, ZOBE, AL » CEEERHE THE
HIXhBo DWW 5rEE LR,

DX 5 LTHIE Lic B BREIRBEE» bR &
o e BEEHO EAE YOBRBEER T LRLTH 5,
AT, I ORERENRVGICHEEN I MNLL, £
F vy VOBBREC I SEERMEDEN K & W
N, FTOMILIB2TWBI Ehbhd,

6. RBRLIVHERERLIEE

6.1 EEMEZEICHHND

(1) BEEEND
BNEERESRT X AEHNOFERC XuE, BT
ASEBCHALTV5, Lo LERIZDS>HERIESR
Cflc > T 50T, FHEMEEFEEEYHET 5t
DEERERLBLHBEIEF = 7 LTH LEID
B, FCTHEBAC L H B 1 DOREROERXED,
FOETBHAWAEL L ZOREHLTE LI, BED
AREny, Fo.FuM, WehFhBEY K& LD E
2OHOXA W, ChbOENXASHERSHIR LT
7o, b5 EE10(1)~(3) DX 5iTisd, BFD
EEIHEEC I BAMATH Y, ERELI(E-T
WBZ ENbND, ChHDEME, H<4em TR, &
HOWEEZASESCHAILTEH H, BMRIERES
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AHRE - HAKE - #H IE

Fx Y/ |© Model 1
(kg) / (=07 Hz)
I, < Model I
/ // (=079Hz)
o .
i -  Model I
o8 / 4 (f=086Hz)
-~  Model IV
06 / v (£20.96Hz)
///{ /o <©- Modelt V
(2105 Hz)
04 /,A/// :

/7, o=
N Sd :
0] 10 20 30 40 50 60
H(cm)

B-10 ¥Eedh (1) KFE D

Fa 06 | Modet 1
(kg) /// (f=0.7 Hz)
05 © < Model I
/ y (f=0.79Hz)
04 / / <  Modet
- / (f=0.86Hz)
V/aLs
03 /7 < Model V
(f=1.05Hz)
02 A =
f |
ol 7/
(o] 10 20 30 40 50 60
H(cm)

H-10 EEGELWPESH (2) HE D

BRIZLTWBZ Ebhd, X-T, BHORIEL,
ERCOWTL 1B T4 THhD, £ T, LUTOH
HOWEER I\ T, HE4em DFERDOVTHFE-
1o

(2) AStEB#EEN

E-11(1)~(5), E-12(1)~(5), % k v° K&-13
(1)~(5) cEEMEFEEAT 3 XF, $HEFHH
OENL ICEHAKEE1L.7cm 08D Eh b OEERE —
AV OERMBEEHEMEYR L, ThZhOENZ,
4 pgaghl,, 27pga®ly 3s LU 2 pga’qhl, w H#EME & LT
BRI LTH B, T1-BEIOME *hlg him X D&
BEA BRI (A/L<0.5), ™ X b REWEIEEBECHE
LT3, MbhoER, Bl I0—&88E, tht

== Model I

(f=0.7Hz)
==  Model I
(f = 0.79Hz)
- Model I
(f=0.86Hz)
<~  Model WV
(f=0.96 Hz}
Mode!l V
(=1.05Hz)

40

Mp
(kg-cm)

30

25

T
\°\ I~
$

20

s
o

/
7 _
V3 ﬁ/;/

(o} 10 20 30 40 50 60
H(cm)

EI-10 FEEFEH B) EEmeE—2 v h

hHBR X BRT v o VEROKERSE, FHCIS
ERBER IOA MY » TR X AEHEEEYR LD
THBH (R TRRIHBROBEOE ST, &
BORIES TR EbbRVER X, #H—LTE
5zk12T5,)

INBDOREARD E, —BE > TEREIRRRT v
Ve VEBROBERE I —KLTBZ Edbh b,
F, 5X0'M, 325 BHCBEYEON, ZTOMED
BIE—BLTB, XL, BV ENL o TL B L,
F, O BEEZHIEHECHEST 2R AREBLLBM, &
DOERITHATH %,

PR OGEERE, S8 LCERNERE OS2
BHERID LMD, ZOBREIFET L L B0
BWEZATREVD, AHIEN DI LichisT
BB T 5, 7 F, & M, OBKEDREI,
bh b s AMOEI - FAThTW3, —7,
BER L HEREOBHREY A TARD &, BEDEKS
NEL BB EBRENKEL Lo T B, DT LT
EURCER L-EREOED, BoRMAAR S AR
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BRPOELAEFEE Hidhe x0ED)

PEL BRI EREEEZH O LILX B, LichioT
SEAVGCEUR, BEORMAEN L EABRAEVG
Y, BES{EEARGlfeAT o8 % ETES
ZEhbhs,

AMY o TECIBHELRR, Ml KBLEEY
BT CHEIIZ I AoTW5, BRBBE FE DN

Model I
h/a:80,q =075

—2F
Wo2aghHin
o —-—
o O

Fx
o

Q
(2]

[e]
S

| %@I

[e]

n
\

\

0 10 20 30 L 40
g
(BB I —
Model I
h/a=80,q=0.5

40
(Ean—
) Model II
T2 Oi h/a=40,q=075
w8 2l
Nigo- S
= ¢h ——-
08~ < =
Y R
O.Gﬁ/’" =
/4
GA ,/ o
4
Vi
N
0 10 20 30 _m 40
9
BrEEm—

2Fy

2F

F, wounwtAis e, SEHEE LARBER-™L, 5L
UL DD IVERVBOATWSE, LrL F, M,
DL, BRI Bis e b LWEER S T
BN, BAEXEX BRI dEL-BHHOB A L
Tix, MOERMER XOCERBEL VI h AT EE
Iso T, THIZASENL B EHEENENL T

| Model TV
Lal h/a=40,q=05
5 - L
§l.2— o —
g .o h T ——
: eme——t /. /’Jf: ° -\\
08 iz "o e °
) 2 °
/'/ [d
06 /7 o,r
S
04 ‘l,,'
7/
02[7~
0 10 20 30 n 40
]
(A—EEV—
20
Model V LA
18 ha:40,g=025| .~
Es16 '/
g il
214 V4
e
|2 //‘ /’/— . -
”~
/. //{o of © ° ° o
1.0 5 /3
o / [+] O/,
08 // 7
06 /I' /’,/
g e 7 Fx
04—A>% -
Ve
y
0 10 20 30 L 40
[]
(sHBREV—
Legend
: by strict method
— — — —: by approximate method
—— « ——: by strip method
° : experiment

BEi-11 F. wBa¥ 5 SH0{E & EAEO HEE
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EMRE - HARE - #E E

b, bV .y FEOHEOBHE LI, FEIRERC
HARTIEFRPEEW S SR 1B 70D T
BB, SEDRRTE—F—2—-0 L FIBEIKE
foTub, Ff, ¥R I10cm RPN~V TIY, X
APNELIRBRERENKEL Ieo TV DA, ThK
BFHEECHAT 2 E IR EL Licicdiend, The
LR FIEEC AT 5 AR ET 2 BacHAV-5 )
BIERD & b I IEN D B DAL BITIg,
LR~k 5, SEFHERGCETOELURE
FEXHERC LAY » 7T, BANRKEVWEE
2, BT VY e LOFLYR & RN RV BEARE

Mode! I
h/a=80,q=0.75

S

02 [ \\“
2 ° M
(0] 1.0 20 30 o2y 40
]
(N—RHT1—
I
£ Model II
&--éo_o N h/0-80,q:05
=

(]
23

.

s
?7

~——

0 10 20 30 o*h 40
[]
(B n—
1.0
5 Model I
T 6a ha=40,q=075
I.l'.. co.u
S \
= ~e
c.u N\
Q4
02} h '\]
fa M
o] 10 20 30 o*h 40
]
(38— KRB mM—

THLEOWNLHEABEXSHETES, Lk
TEOHEDOFHOMEI #E L, FHEDEPEL
> TWABREENRIL? & 5 KBGCERT 2N ZHE
THEE, DIV EWRHEETHD LV D,
BE-14 1k, BN Fo OFBEERELR LI, Fa 2,
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