GOVP 1199803734 é 7 22
L 29 34

2Z0{ 7] 0igie| Sea Anchor FHEF &
S gl J|AEe| et AT

Improvement of Sea Anchor and
Mechanization of Sea Anchor Operating System

Folel | FPFAAEY
dsteiTolet ¥ 7 o ¥ =

O
U
I



é;i
W
Al

AE "2A Adr] g9 Sea anchor 7N
" A HERIME AEIUTE

1997. 12. 29.

FHA77) 2
AT YR
LS D
A F 4

CEEESE LR
L LD

4 ¥ 4

R i B

O
3+ & =
3

OHAE seE
CRERCLES

SRS S EN

ol £
oo o2
A
(A3
o2
W of

=
(2 ol
=
o o2
o> N
> N
2 o

o
2
ot
o
i
4N

e
Ohl.
(R
o
3

3

P

AR oY

obE. A7IA.

7| Al 3}

Y, ol
2 of
L ofN






Fo
12
Hli

1.4 &

2Ao] AF7] e1]2] Sea anchor 7§ ¥ Fofu uld 7| A|3lo)| B3 oA

I. 7L 24 9 Fa4

et dIsfelAe of sHAAY 24F Adr] Aol xSl glon, o
T A A7l ofAde] ARt vFe] M Eoh =3 240 Ay oA
of 2& AfFHL vid Frletn glon, HIee A28 o] 2848 7.1%
£ AHste A28 F8 AdF solrt.

2o AF7] A4 F8 o2 A= Sea anchor(EE). A5 So] gloy.
°] % Sea anchors ZY%F oAl 279 5&7 u|5d $x2 FeriA st
ZE24]S folsiAl 3t Aol 24 FE A $PYol 2 vELE
3to] FAFolle Ate] HAAE s Fob g2ty Sea anchore LA AW
7] iglell oAM= 2] A4FE Aolste A5 A B4HQ Aulol},

a2 a7k 230 A7) JAdel AH4=la 9l Sea anchord] A/MAAF
2 oA BA Fol Y A7 AY dz. dA AHE-F2 Sea anchord] A
2 FEE oAY =279 vt £2F 59 Ay fAE S35 st Azt
718k dub ARatellx] Aol Este AlaEa ok wheld 2o A
w7l o] 24 88E% Eol7] A Sea anchord d3t2 EA 3z A
¢l #7% .Sea anchor®] /W 2 A3ty A AAo|c}t. 2l 7)o )
w7l Aoz AU AH¥Fe g ofeigE A 9o, Sea anchor FFE
gl B2 dHe] £8¥B2 BFE A9 s[AFHE T AY Aoz o
Aol AR7] e AAY Azt AFs 8FH T At



oX
-

2 dFdAe 23] A7) gl A5+ Sea anchor?] &3 &
2 g ke glatd Aol Tt 4 9] Sea anchorE AA Azsd =
#A AFPe #3lgct = Sea anchor®l FUE FHAel o AH S
st Sokm whyS JIAIstslez Ao A7) oigde AHIE =2

'—

o
3
[=3

lO oftt

of

m. A7 HE L U

£ d3ze Al Adr] ool A4S Sea anchor®] A EA 7
Sea anchor /& ¥ SR whle] 7ASE AXxAAZ o] S8t}

1. Sea anchor 7H&t

Sea anchor®] d34 A 2 kel ¢ AFE FH37] st WA I,
g ¥ dwte] 2o AHr] AAdEe] AHEsa & Sea anchor?] A EA}
2 33t3, A oJAdEo] AH43tm AU+E Sea anchord] e 2 Fokm W
ghopstal o}

Sea anchor?] el fAAdehd SA T e g rx2AHE 27
95l 329 FAHH 71HE AHestd 239 VEH Sea anchor FH9 FF
A Agdoldstd Y FAGEH SAAE ZABI = HFFEelA
4 %9°] Sea anchordl W =FAUPE Y3t 7z e FHAST U Sea
anchor #$12 389 ke Tt ol & ABdHeld 2 =AY
AE 22 3t AR50 $5% Sea anchord] e /HFE Y3t = F
o} Y33 2 WY Sea anchorg AA Az’ oh-g siAdeA FdAdE o] &3}
o dA AL stz Hed Sea anchord] AT % TESAL vz 4

3kt

o

2. FQ7]
AZd LA sy A F EFH F4us] AHS Ao} Fokr o] o



& AezAL A 50EF oldt 4% dId Ayl dAddAe AHed A7
FFE Aol dif-goln, ofA7A] ZiAS Lt AR o] FoiAA] U3 Y= A
Aeolct, webA U4 e st Fon WY ZAISA AlFE £¥F A
A ga Sea anchor F4R71E /BLsl7] $1ste 1, 23l AA  FFuy] Al
E& AA-Aztste gAARE P, TAPES BA3te L¥ojAdd AR

Two-drum¥ F4327& /Wit

V. 9+ N Axt g5 &8 digk 719

1, 9P JHE ZH3
7}. Sea anchor M=

1) 2yAY

Al @) ool AH45F<Q) Sea anchor®] e Aol Azt ZHeol9 |7}
o 0.23~0.35. Sea anchor®] £ %3} 379} $Ade] ol F& 2=rt oF 25
~35° AZFQ YFolr} webH Sea anchor?] Z3AYPelA = Sea anchor £
o &dAx} gl dilo] o]F+= Ax(6)7F 22 07, 207, 30°. 407, 507, 60° < ¥
28 623 A g 2@ Ty 458 AA - ARSI FFFRedA F5
o] Wislel] o2 2y FHAS Y AAAH A AMAA ] v E T3
o] Wl =yo vl AAE =y lF 27 (30cm)l 3| 22+ 1/30. 2/30. 3/30
oz Mg, dF Hole =¥ A ZZ 1.5 (45cm) H 2.09(60cm) =
stk

AlY A3 UA3#3 Sea anchor®] At A2 AAAAA A7 Folg 4],
Z 97} 4% £F AMAA 9 FFEASIE A Jebgch = 47y 5
ol sty £F AMNAA 2 FHAST 2, Al old wE FHA
49 Aol A T 274 Av|d ©E FHASY Wit wisT A



Aol 4% 4% ol A% dehizion, 43 Zold Wl qE 2
Ase dF AR 20 A7t 159 ASel vld o EA et

oot

olie] A2 el Sea anchor®] HNEEL UF Yo vlsle] ubpyo] Fo
of, el AAL Q7 AA o 10% AT, dF9 Aol 2AA9 of vz
gt 2ol AFAelete A 4 F
2) Sea anchor FAFsd A (G TFHA])
7}) Sea anchor 99 #3534 54 x84
220 33 Sea anchor 99 3E &4 2 5y EAL olaksiyld] 9
g FAANCR AT Az}, Aztdste) aiel §HAFE A dAsG FH
A ANt dgez FrHoR et Juu|rt T4 AS FHA S
3 Strouhals2| ¥Mte gloy FHASF AFL ZA Fristan HHEEY &
Ae A8 AR FAct
1}) Sea anchor 239 &= FAJAUY
Sea anchor®] ¥4 W3lel] & UM FE AL Slstd 5 Fo] AF3,
gy, sy e 2ye AAste, Fezedd 2yAYEE d3 A J3)
Abg el mye] Aoyt vyl ulE AALFe] ¢F3tn AAAA A
Fole w7l S48 ATl $dEe AL & F UM ®= dFY 72 E
FEPoz slde AL FH A vt AN Fe] Folld A9
1YL A F d&E &+ UMt
3) AAE A5 AE

A Al EYoldnt YA oA ZAsE EdZ 3] Sea anchor? A
7ol 2t 20.6ml VF (6 =50") 153 47Y 15 422 Az 9
£ 27 25.9m VF3(6=25") 15 i fAUYES @8ty §HA4+ 2 A
AR g A A v E AL

A A3 A 206m Y36 = 50°) F¥As 2 AAAA W
AN vl 22 0.16~0.31(3F 0.231) ¥ 0.60~0.82(3F 0.79)9 3, 7



7 20.6m< W] FAAS Y AAAA A g AMNRAY vl= 47 0.12~
0.25(370.18) % 0.60~0.92(837F 0.80)°ldew, A7A 259md A4 Sea
anchor®] A+ 4 AAAAA g AAAAY vle Z7 0.11~0.30(3F
0.18) % 0.57~0.79(8H7 0.67)°lxd}.

olAte] ZA#=2FE] Sea anchor®] HAA e W AN vz =¥ 7
-9} o] ubpFoe] s} zm AFY ALE 3] F4EF IAde AL &
F o, FAo] wisle wE gAY e vy A9 G, 2 o]
7 o9 e AL 4 5 Qo o9} 2 qH AL ol Sea anchorr} I
A7b obd FrdAlelx = AEF 2 Alo]9 Reynoldso| 27} vi¢ #7] W&
oletx AZHct FF Sea anchord] FHAF BaMe ¥ B2 A7E &
ste] WA e Aot gokm A2,

vh 5F8l A
D A 13F AR AA - Al

AZs) ARzl oA F 1008F ool dJAddMe FYR7E AH43te A
b gouv, 1 old EFY AdAdAE AY Alelz= g2E AMSEte Fokm 2}
45 Pt ok B AT 0EF AL FIRIVE TEF] A3k A
A EZojdAM Al e EEYJAE -S43t 30EF Sea anchor, 4
Z. wiatolE T 448 A4S F AL S 2 Y rle AE 5E 1
3l Rotur) F2& AT An AAHL 0.6m, Zolv Im2 A4 AA AL
FFEr|e AHLE QAL EE A €2 AAsded, Fdnr]
Torquet 350kg' mZ. FELHEE 18.20rpm, 7)1 X4 Z&=v]&= 1/30] H
L& 3o £4EIE AAEA.

2) A3 E

Furle A g oA ZRFE(29.08) AFHd Ao sfrixAPE
AN A gyl ZAA, AZAH, fddd FAAHLES AR @3 AR
Heoz zE=glen, TF ojde Add 6~TH9& 4422 2~39 3F 7bs

o



3t 33~43%9 UH FFEAES ¥& + AU 22 Sea anchor FUE 2
de] FEA TAZ sl o £FRE dsxe FURI] Lo spR AR
AAde FE wog AWl A8l Sea anchord oA ZFojul: Agie ¥Hx
2 o} 3t= WA o] AN}
3) 7038 Two-drum¥ FokE7| AA - A2

22 Eddle 1A e A7 A3 799 AT ALY EAS AAEr] sty
v NFHE Two-drum® FFE7|E AA-AAtste HAH-LAHS A
23, A2 e AR dAA S TEZ WolA NBY TFurst 43
Ao vepyton) 2y & 6~THollA 3Ho2 29 50% ol4e AHA
ERE AFAR AFARE 752 20%e vls] HFHL 880 225 60%
H5Ede, Two-drum® $FE7] 3} 5359 Foll Ut

2. WEO| Chst Ao

HZ S F4E UL UNel 93 A-igle ool g P12 4
Py S AL AL 22U A A& oA edn FHo) % Adng
ol A=A felvel A6 o] FA AAY Fust AFE gL F
A2 dFHAL ek 2 ARy gL fEvel A2 F2 o F9 &
U224, A AAHE Folrl Astd = FAY AHP3L APFo) 9oy, I
a ¥ F2] 34l Sea anchordll ¥ AFE AWz o) FojA2] Ealo X
ojgle] ¥ A7zt A Z{lol AYEel Ha e ARl

uebr] B AFoA £ZF Sea anchor += 7Nekol] g HA 3Aare] A9}
VYL 50% ol AR = e F9E7)9 e 2 gYrt v adw @
T Ut

WA Sea anchor /N 7129 Sea anchor £7¥ AN +F8A
of B 257t F¥ 53 AHgol FA /MFY Sea anchord =&l w2} of
dAEo]l =dsg ojde] FRo| ¥ Sea anchord Agsled EgHog



248 ¢ UA 2 Aoz Jdd} =3 30EF oA A 6~THY =4
He Ad 23822 o4 FUE 5 e FIEVNE NLEEEZN F oy
o] A AAH FR AVAHZ rlodsA F Zeoloh a2l & ATl 4
43 & ARE ¥Vl 2 F71Y FERAA 5 e o2 1A 2 oo
W kel A F83 7% AEE F49 & 9lS Aol

£ ATE S8l =259 Ade FTHFAAEL FHY dFANZ Jeds
A A HEI'E Sl B ojgdal, AztdA BAA D A FRF AR
ole} /¥ Sea anchor®} ¥4 E7IE 53 &Y Fol AUct. olet 4 5 A7
Ao 4B XFE s A AES A g 2448 2A
DA A Bsted ALAA Yrhe ¥ YA 2] ¥} e
A7+t






SUMMARY

Improvement of Sea Anchor and Mechanization
of Sea Anchor Operating System

Recently with the opening of fisheries market and conduct of responsible
fisheries by U.N.. and with reduced resources by overfishing and environ-
mental polution in coastal and off-shore fishing grounds. an urgent facing
probelm is to take an international competitive power of those fishreies. As
squid jigging fishery in our country is one of the principal coastal and
off-shore fisheries, a mechanization of the catching process of the fishery is
under going to improve an international competitive power.

A sea anchor, one of the important equipments of squid jigging boat.
enables the boat to flow with a speed similar to current and make easy its
fishing operation. Also it keeps squid remaining in the shadow under the
boat during catching work and makes the boat safe in rough weather. The
mechanization of hauling the sea anchor which reduces labor force has.
however. not much been studied. then the squid jigging fishery is lack in
efficiency of the operation and has low competitive power.

In this paper to find out the hydrodynamic characteristics of a sea
anchor and develope it. a series of model experiments and in situ experi-
ments on several sea anchors were carried out. And to reduce labor force
which is necessary for anchoring and hauling a sea anchor, a winch for
hauling sea anchor was designed and made. We equipped it at a commer-
cial squid jigging boat. the Gilyang-ho(G/T 29 ton), and tested its

performance at sea.



The obtained results can be summarized as follows :

1. To find out the hydrodynamic characteristics of the sea anchor and
develope it. we carried out a simulation which is to generate water flow
around a sea anchor using the computational fluid mechanics by the
discrete vortex method in two demension. It shows that drag coefficient is
almost constant, while lift coefficient vibrates periodically due to the

Karman vortex.

2. Opening efficiency of Semi-sphere type in the model experiment was
greater than that of Cone type. It was prefered that the diameter of vent
was 10% that of mouth and the length of suspension line twice that of

mouth.

3. Opening performance of Semi-sphere type. such as opening area. drag,
and drag coefficient, of the sea anchor depending upon the shape factor shows
greater than that of Cone and Horn type. The greater the ratio of the height

to diameter of sea anchor, the more the opening performance increases.

4. When the structure of suspension line of sea anchor is net-work type
rather than a conventional linear type. the opening efficiency was increased

and the line was kept from being twisted.

5. The range of drag coefficient and the ratio of the measured diameter
to the designed diameter(20.6m) of Cone type sea anchors was 0.16 ~ 0.31
(mean 0.231), and 0.60 ~0.82 (mean 0.74), respectively. In case of a
Semi-sphere type sea anchor(20.6m in diameter), the former was 0.12 ~ 0.25
(mean 0.18) and the latter was 0.60 ~0.92(mean 0.80). In case of a
commercial sea anchor(25.9m in diameter), the former was 0.11 ~ 0.30(mean

0.18). and the latter was 0.57 ~ 0.79(mean 0.67).



6. A winch for hauling sea anchor of which maximum tension limit was 1
ton, was made considering its safe factor. The torque was 350kg-m and the

hauling speed 18.20 rpm.

7. The One-drum type winch operates in normal condition without
problems in mechanic. electric. and hydrodynamic pressure side. The winch
made the labor force for hauling sea anchor reduce from 6~7 persons to 4
persons, the reducing effect of the labor force 33~43%. But an inefficient
thing was found out, that is. we had to release a sinker which had been

wound in the inner part of it before its next anchoring operation.

8. A designed Two-drum type winch was better than the One-drum type
in control. The Two-drum type winch made the labor force reduce from 6~7
persons to 3 persons, the reducing effect of labor force 50% or more. It
made the working period for hauling reduce from 20 minutes to 8 minutes.

the reducing effect 60% of the working time.
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Table 2-1. Fishing fleet and the catch of coastal and off-shore fisheries(1995)

Kinds of fishing Fishing fleet Catch(M/T)
Number Tonnage Total Squid
Coastal and 51.357 445,196 1,425,213 200.897
off-shore fisheries
Angling 5.247 56.485 121,860 101,112
- Off-shore 888 43.156 93.856 81,966
- Coastal 4,359 13.329 28.004 19.146
Trawls 1,918 71.411 279.367 66.426
Purse seines 634 44,810 250,015 13,843
Gill nets 16.626 69.998 119,146 3.991

Traps 9.202 45,377 76,693 -
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Fig. 2-1. Annual catch of squids in the coastal and off-shore jigging.
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Photo, 2-2. Squid jigging operation by automatic jigging machine,
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Fig. 2-2. Schematic view of sea anchor system.
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(a) strip (b) front view (c) canopy

Fig. 2-3. Schematic diagram of the canopy of sea anchor.
D : diameter, H : hight
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Photo. 2-4. Manual anchoring operation of sea anchor system in a squid
jigging boat of 19ton.



Photo. 2-6. Manual hauling operation of sea anchor system in a squid jigging
boat of 29ton.
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Table 2-2. Size of sea anchor system in accordance with tonnage class of
squid jigging boat.

canopy Length of suspension line
G/T of boat
Diameter(m) Length(m) (m)
10~20 13~23 10~12 30~40
20~ 30 23~27 12~14 40~65
30~50 23~33 13~15 50~60
50~170 27~34 14~16 50~170
70~100 29~36 14~17 60~170
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Table 2-3. Dimension of squid jigging boats.

Dimension(m)

c/T Type of construc-

tion material  Lensth on load Breadth Depth

. water line

10.00 FRP 13.90 4.40 1.03
21.00 " 20.20 5.49 1.45
29.00 " 20.10 4.80 1.98
39.00 " 21.20 5.30 2.24
48.00 " 21.75 5.37 2.15
69.00 " 27.08 5.86 2.48
69.00 Steel 29.00 5.90 2.80
79.00 " 29.00 5.70 2.60
85.00 " 29.00 5.90 2.80
99.00 FRP 29.30 6.20 2.85
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Fig. 2-4. Cutting method of canvas for a canopy strip.
(a) view of the canopy from the mouth
(b) Single cloth cutting used in Korea
(c) Round cloth cutting used in Japan



Photo. 2-7. Sea anchor workshop with division of labour in japan.

Photo. 2-8. Vent parl of sea anchor.
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Photo. 2-9. Hauling machine of sea anchor system with single side
drum in Japan.

Photo. 2-10. Hauling machine of sea anchor system with twine

drum in Japan.
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(a) strip (b) front view (c) canopy

Fig. 3-1. Schematic diagram of the canopy of Cone type sea anchor.
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Fig. 3-2. Schematic diagram of the canopy of Semi-sphere type sea anchor.

Table 3-1. Dimension of the Cone type canopy of the sea anchor

Dimension(cm)

e (?) DM(D)| DV(e) I\;(;.rizf Length(s) |Base(d)| Topside(p)
A 0 30 (1,2 3 16 14.2, 13.7, 13.2| 59 0.2, 0.4, 0.6
B 20 30 |1.2 3 16 15.2. 14,6, 14.1| 59 0.2, 0.4. 0.6
C 30 30 (1,2 3 16 16.5. 159, 154} 59 0.2, 0.4. 0.6
D 40 30 1.2 3 16 18.7. 18.1. 17.4| 59 10.2, 0.4. 0.6
E 50 30 1,2 3 16 22.4. 216, 208; 59 (0.2, 04, 0.6
F 60 30 (1,2 3| 16 |[28.9. 277 269| 59 (0.2 04 06

* DM(D) : Diameter at the mouth of the canopy
* DV(e) : Diameter at the vent of the canopy



Table 3-2. Dimension of the Semi-sphere type canopy of the sea anchor

Dimension(cm)
Type No. of
DM(D) | DV(e) St.rip Length(sl.s2.s3)| Base(d) Topside(p)
H 30 1. 2, 3] 16 7.85. 7.85. 17.85|5.9. 5.1, 3.0|0.2, 0.4, 0.6
I 30 1.2, 3} 16 11.8, . 118 [ 59, -,59(02 04. 06
30 1,2 3| 16 11.8, -, 11.8 | 59.-.42,02 04, 0.6
K 30 1,2 3| 16 7.85, 7.85, 7.85159. 5.1, 3.0{0.2, 0.4, 0.6

* DM(D) : Diameter at the mouth of the canopy
+ DV(e) : Diameter at the vent of the canopy

* H~J : Nylon canvas(Coefficient of water permeability : 1.06% 10°cm/s)

*+ K: Watertight nylon canvas(Coefficient of water permeability :9.31%10"cn/s)

-

i
/)———_

6 component balance

support

i<

model

flow

Fig. 3-3. Model experiment for measurement for measuring hydrodynamic

force of the sea anchor in a circulaing water tank.



(a) Cone type (C, u=30cm/s)

(b) Semi-sphere type (H, u=30cm/s)

Photo. 3-1. View of the model experiment,
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Fig. 3-4. Relationship between the Reynolds number and the drag coefficients
of model.
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Table 3-3. Mean value of Drag Coefficients in accordance with the shape of
model sea anchor (Length of suspension line : 45cn)

Drag coefficient(Cp)
Type Diameter of Diameter of Diameter of
vent = lcm vent = 2cm vent = 3cm
A 0.64 0.711 0.72
B 0.74 0.74 0.85
C 0.78 0.83 0.85
D 0.85 0.89 1.01
E 1.02 1.11 1.15
F 1.13 1.18 1.31
H 1.19 1.38 1.40
I 1.40 1.48 1.49
1.22 1.33 1.32
K 1.37 1.32 1.50




Table 3-4. Mean value of Drag Coefficients in accordance with the shape of
model sea anchor (Length of suspension line : 60cm)

Drag coefficient(Cp)
Type Diameter of Diameter of Diameter of
vent = lem vent = 2cm vent = 3cm
A 0.67 0.70 0.71
B 0.78 0.74 0.85
C 0.83 0.83 0.84
D 0.92 0.97 1.00
E 1.08 1.08 1.21
F 1.19 1.29 1.34
H 1.34 1.31 1.51
[ 1.42 1.48 1.64
J 1.38 1.38 1.38
K 1.43 1.57 1.64
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Table 3-5. Rate of the calculated diameter(Dr) to designed diameter(D) of
model sea anchors (Length of suspension line : 60cn)

Rate(%)

Type V = 20cm/sec V = 30cm/sec
Diameter of | Diameter of | Diameter of | Diameter of | Diameter of
vent = lem | vent = 2cm | vent = 3cm | vent = 2cm | vent = 3cm

A 76.6 71.0 76.2 - 75.5
B 78.6 80.3 80.4 - 78.3
C 80.3 83.6 85.3 - 85.1
D 825 83.8 86.5 82.6 86.5
E 89.3 87.1 89.9 - 88.6
F 93.9 92.5 90.1 - 91.3
H 95.1 97.2 94.1 95.6 94.1
I 98.8 95.4 93.2 95.7 92.7
J - 94.1 93.6 94.7 93.6
K 97.2 — 99.3 98.9 95.7 95.7
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(a) Semi-sphere type (H type, u=30cm/s)

(b) Semi-sphere type (H type, u=30cm/s)

Photo. 3-2. Flow visualization around the semi-sphere type model.
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Fig. 3-6. Schematic diagram of the hydrodynamic forces on the squid jigging fishery.
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Photo. 3-3. Commerical squid jigging boat 95 Gillyang-Ho(291on) used for
the experiment.



(b) Data aquisition system

Photo. 3-4. Load cell attached at the sea anchor line(a) and indicator of
tension observation system(b).



Photo. 3-5. Wind speed and direction monitor system.

Photo. 3-6. Current observation.
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Fig. 3-7. Calculation of diameter of sea anchor from depthmeters.
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Table 3-6. Dimension of Cone type sea anchor system

Dimension (cm)
(’Ilgyp"e) DM | py(e) | No. of | Length of | oo ln oo Suspension line
(D) €)1 Strip | Strip(s) |~2%¢ opsidetp Length| Number

Cs
(30%)| 600 | 20 | 16 330 117.8 4 1200 | 16
Es
s0>)| 600 | 20 | 18 448 117.8 4 1200 | 16
(5510) 2063| 70 | 48 1549 135 46 4500 | 24
I l2590] 110 | 58 1370 5.9 6.6 6500 | 29
(25 ° )

(T) 9200 110 | 48 1040 135 75 4500 | 48
(363.,) 2210 70 | 26 1320 135 8.8 4500 | 26

* DM(D) : Diameter at the mouth of the canopy
* DV(e) : Diameter at the vent of the canopy
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Table 3-7. Dimension of the Semi-sphere type sea anchor system

Dimension{cm) Suspﬁensmn
line
Type
DM 1y ey | NO- of Legfﬁ | Base |Topside Length [Number
(D) Strip P lW1.d2.43)| @ |8

(s1,s2.53)
Hs | 600 20 16 157, 157, 1471 118, 102, 59 4 1200 16
Hl | 2063 70 48 540, 540, 503|135, 117. 68 4.6 4500 24

* DM(D) : Diameter at the mouth of the canopy
* DV(e) : Diameter at the vent of the canopy
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Table 3-8. Rate of the calculated diameter(Dr) to designed diameter(D) of sea

anchors.
Type Digr(ng;er Ca]cula}t)eimD)iameter % (D/DM)
Cs 6.0 4.3 73.1
J 259 17.4 67.1
El 20.6 15.3 74.0
T 22.0 13.2 60.0
22.1 14.2 64.3
Hs 6.0 5.3 88.9
HI 20.6 16.5 80.2
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Fig. 4-1. Schematic view ol hauling operation of sea anchor system by Side drum.
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Photo., 4-1. Guide roller,




Photo. 4-2. Traditional shooting operation of sea anchor.
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(b) Unpacking operation of the sea anchor system to pick out sinker

Photo. 4-4. Sea anchor winch with One-drum.



Fig. 4-5. Anchoring operation of sea anchor system.
(1) Shooting sinker
(2) Shooting canopy and Buoy
(3) Shooting buoy line and anchor line
(4) Finished anchoring operation of sea anchor system

Fig. 4-6. Hauling operation of sea anchor system by sea anchor winch
with One-drum.
(1) Lifting hauling line
(2) Lifting sinker and canopy
(3) Lifting suspension line and anchor line
(4) Unpacking the sea anchor system to pick out the sinker
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Fig. 4-7. Schematic view of sea anchor winch with Two-drum.
(1) : First drum, (2) : Second drum
1 : HYD' motor, 2 : Break drum handle, 3 : Clutch, 4 : Shaft
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Fig. 4-8. Schematic view of clutch.
1 : Drum, 2 : Plate of drum, 3: Male clutch,
4 : Female clutch, 5: Runway of clutch, 6 : Shaft
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Fig. 4-9. Circuit diagram of the hydraulic unit of sea anchor winch with
Two-drum.
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Photo. 4-6. Sea anchor winch with Two-drum.
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Fig. 4-10. Schematic drawing of sea anchor winch with Two-drum.
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Fig. 4-11. Hauling operation of sea anchor by sea anchor winch with
Two-drum.
(1) Lifting hauling line
(2) Lifting buoy line and anchor line
(3) Lifting sinker, suspension line
(4) Lifting canopy
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(b) Clutch

Photo. 4-7. First drum and clutch of sea anchor winch with Two-drum.
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Photo. 4-8. Sea trials of sea anchor winch with Two-drum.
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Table 4-1. Number of operators according to hauling methods

No. of operators

Tonnage groups Traditional Sea anchor winch Sea anchor winch
method with One-drum with Two-drum

30 ton class 4 (6~7) 3 (4) 2 (3)

50 ton class 5 (7~8) 3 (5) 2 (4)

70 ton class 6 (8~10) 3 (6) 2 (6)

100 ton class 6 (11~15) 3 (7N 2 (7)

() : Total number for squid jigging operation

Table 4-2. Operation time according to lifting methods in 30tonnage class
fishing boats

(Unit : min.)
Traditional method Sea anchor winch with Sea anchor winch with
One-drum Two-drum

20 - 13 8
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SUMMARY

A series of model experiment on the efficiency of sea anchor was carried
out to determine the most effective shape factor. Also, the computational
analysis by the discrete vortex method is carried out to find the analytic
model for the hydrodynamic characteristics of the sea anchor.

The obtained results can be summarized as follows:

1. Opening efficiency, such as opening area. drag and Cpn. of the sea
anchor depending upon the shape factor shows the greatest in case of the
parachute, and gets smaller in the order of the cone shaped. horn shaped

one.

2. Opening efficiency of sea anchor depending upon b/a shows the

greatest at 0.6 of b/a, and gets smaller in order of 0.4, 0.2 of b/a.

3. Opening efficiency depending upon the length of pendants increases as
the length of one does, and the values of drag and Cp of the sea anchor
with 1.8m of the pendant length are greater 15% or so than that of the

one with 0.8m.

4. On the structure of pendants., opening efficiency of the netting

structure, N4, is greater than that of the original one.

5. On the size of the drain-hole, opening efficiency of the sea anchor is

about the same when the diameter of drain-hole is within 20~60mm.

6. On the vortex and separation, they begin to be generated disorderly
in edges of sea anchor. and the separation zone is widely located in the
wake of sea anchor. Water mass of turbulence is generated inside the sea
anchor because of the hydrodynamic pressure from water flow, and the
water is overflowed outside the edge of sea anchor when the mass become

bigger as the pressure increases.
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Photo. 1-1. Photography of the experimental set-up.
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Fig. 1-1. Structure of cone shaped models with 0.6m of the mouth diarﬁeter
used for the efficiency test.
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Fig. '1-2. Structure of horn shaped models with 0.6m of the mouth diameter
used for the efficiency test.
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Fig.

1-3. Structure of parachute shaped models with 0.6m of the mouth

diameter used for the efficiency test.
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Fig. 1-4.

Structure of pendants of the sea anchor with 0.6m of the mouth
diameter used for the efficiency test.
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Fig. 1-5. Structure of model sea anchors with 0.3m of the mouth diameter
used for the efficiency test.
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Table 1. Design and opening area of sea anchor models

model design | opening area of mouth, m', (W x100, %) |surface
type area of area,
mouth, m'| 0.1m/sec | 0.2m/sec | 0.3m/sec | 0.4m/sec m'
Co 0.283 0.147 (52) | 0.141 (50) | 0.147 (52) | 0.144 (51) | 0.275
Cl 0.283 0.165 (58) | 0.165 (58) | 0.160 (56) | 0.161 (56) | 0.297
C2 0.283 0.186 (66) | 0.189 (67) | 0.192 (68) | 0.197 (70) | 0.355
C3 0.283 0.203 (71) |0.200 (71) | 0.200 (71) | 0.200 (71) | 0.435
Hl 0.283 0.141 (50) {0.138 (49) | 0.138 (49) | 0.141 (50) | 0.257
H2 0.283 0.141 (50) | 0.159 (56) | 0.165 (58) | 0.166 (58) | 0.307
H3 0.283 0.181 (64) | 0.204 (71) | 0.182 (64) | 0.193 (68) | 0.377
P1 0.283 0.159 (56) | 0.163 (58) | 0.173 (61) | 0.154 (54) | 0.337
P2 0.283 0.222 (78) |0.224 (78) | 0.212 (75) | 0.215 (76) | 0.402
P3 0.283 0.254 (90) | 0.250 (88) | 0.254 (90) | 0.266 (94) | 0.498
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Table 2. Drag and drag coefficient(CD) of sea anchor models by opening
area, design area and surface area in accordance with velocity

Cp calculated by Cp calculated by Co
Drag, kg . .
opening area design area calculated
model . . by surface
type velocity, m/sec velocity, m/sec velocity, m/sec area

01]02]03|041/01{02({03;04[01]02/03]04 0.2
CO  [0.175]0.457|1.143[2.518|2.29|1.56(1.66{2.10{1.19{ 0.78 | 0.86 | 1.07 0.89
Cl  [0.175]0.511}1.24112.617|2.04{1.49{1.66{1.95{1.19{ 0.87 | 0.94 | 1.11 0.83
C2 |0.269]0.758|1.665(3.576|2.7811.93(1.85|2.181.83| 1.29 | 1.26 | 1.52 1.03
C3  |0.351]0.947|2.164(4.6373.33|2.32{2.31{2.79|2.39| 1.64 | 1.63 | 1.97 1.07
H1 |0.179]0.467|1.159|2.594|2.44(1.63}1.79{2.21|1.22| 0.79 | 0.87 | 1.10 0.87
H2 10.222|0.570|1.397|3.114|3.03(1.72|1.81{2.25|1.51| 0.97 | 1.06 | 1.32 0.89
H3  |0.255(0.797|1.845|4.250(2.71|1.8812.17{2.65|1.73| 1.36 | 1.40 | 1.81 1.02
Pl |0.237(0.602|1.397|2.908|2.87|1.78{1.73{2.27|1.61| 1.03 | 1.06 | 1.24 0.87
P2 10.333{0.895(2.005/4.303|2.89]1.92|2.02{2.41{2.27| 1.52 | 1.51 | 1.83 1.07
P3  |0.3731.310(2.810|6.007 |2.83]|2.52(2.36|2.71{2.53| 2.23 { 2.12 | 2.55 1.27

o] Foll4 b/a¥l7} 0.2, 0.4, 0.6 =] ¥d H/HA4%5-S Fig. 4. Fig. 5.
Fig. 6ol 27zt vdetliddy, =3 I3y, gy, Gatdgde] yatel st b/a
H]7F Aol @& 79 AMNHA L Fig. 7. Fig. 8, Fig. 9. A5 Fig.
10. Fig. 11. Fig. 12¢ll Z4zb vepigdet. 282, b/anl7t 0.6 o 33 Atel djs}
o zeEAd2Y A4 FAALL AZE AFAE Fig. 13 dehlidct

o]AellA B® b/a=01 C0 Z-¢ sl AMAH L dAAAL F 50-52%
A2 F43ded, oA b/a=0 A AAA HAH B Aty &
Follde A A B8l oste] Arie ¢HA TS wobA] HellA &
3o Yoz Waty] wFolct. FAAYL F5o] wetilel wet slsFseAe

2 ANE AR BT AT, o] Aeld WARALZ 7E FHAASTE 45
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0.2~0.3m/secellAl 1.612 Jehdz dAHHoz F3 gAA$E 0822 el
YA g os 73 AL dARH s 77 ANd o 96% AHE =2
A depster. o)eh o] AAAA I HAGRA oA FE FHAS zole
FEANe 2% 3§ o Folr}

b/a=0.220 Cl. Hl. P19 2% Jzye 3o Adsfmizoe] MHAwAAe] of
49%2 714 2, 5] oF 57%0la, databyo] oF 59%2 st AA g
A @y el wiste] of 22% AA +F AsMEE Aol HesAct e Y@
Fol Aol ustd of 20%. Fatat el wlste] oF 40% FE Aorovt, A
dH o 3 FHAFE AFHo] 1572 A 2n, YBde] 1718 £
titdo] 17622 714 ZA Jetds A3l wlste of 12% AW, AAD
Mo 7§ dY¥AsE Yol 08322 A 2w, dFYe) 0918 F7k
Hatdel 1.062 7b 2A vt Yol niste oF 26% 2w, 2eln Ed
Mo g 73 dHASE 53] 08322 71A AAqn, Ug g Iapikgde] ¢
2 vebA] o 7% A x9 Ao]E RBolx grh

b/a=0.41 C2. H2. P29 A%, 479 ANAHL Ygale] dAwAL of
571%% 7} 23, AF¥e] o 67%0]3. F3tatdel o&F 17%2 713 =A et
v 3ya A3l vt 747t 35%. 14% A £F AAMEHY, Hgds 4
Byl FFHe vzt of 20~30%. kit ol ulsle oF 45~55% HE =HA
etttk iAoz 7 dHAeE B 17622 7 2w, 4330)
1.8901 1, Fatitaie] 1,972 7H AA vehd Yhdd o) ulste oF 12% =)
g AARA g 33 dHAsEe JZYe] 1.022 7M1 2m. 93¥e] 1.270]
2, dspabde] 1512 7B Al vebdA 2ol ulsled of 48% 3w, 29
T EHHes I FHAFs JFYe] 0892 7MA 2tm. UF¥o] 1.030] %,
Getadde] 1.072 M ZA vehdbA gyl wlste of 20% FEQ Ao E
Bola glch.
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Photo. 2. Opéning shape of the cone shaped sea anchor in the water channel
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Photo. 3. Opening shape of the horn shaped sea anchor in the water channel



Photo. 4. Opening shape of the parachute shaped sea anchor in the water channel
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Table 3. Opening area of the sea anchor model in accordance with the

length of sea anchor pendants

s]eeangat:c}fcfr opening area of mouth, m2. (%% X100, %)

pendants,
m 0.1m/sec 0.2m/sec 0.3m/sec 0.4m/sec
0.8 0.144 (51) 0.141 (50) 0.138 (49) 0.138 (49)
1.0 0.141 (50) 0.146 (52) 0.138 (49) 0.144 (51)
1.2 0.147 (52) 0.141 (50) 0.147 (52) 0.144 (51)
1.4 0.141 (50) 0.147 (52) 0.144 (51) 0.159 (56)
1.6 0.156 (55) 0.154 (54) 0.156 (55) 0.163 (58)
1.8 0.156 (55) 0.156 (55) 0.156 (55) 0.156 (55)

Table 4. Drag and drag coefficient(CD) of sea anchor model by opening and
design area in accordance with velocity and length of sea anchor

pendants
length of Cp calculated by Cp calculated by
drag. kg . .
sea opening area design area
anchor velocity, m/sec velocity, m/sec velocity, m/sec
pendants.
m 01102(03(04(01]02]03(04]01]021{03]04
0.8 0.15010.42310.965/2.0601 2.00 | 1441 149|{1.79]1.0210.72|0.73 | 0.87
1.0 0.159|0.44711.007|12.214| 217|147 {1561 1.85]1.08|0.76 | 0.76 | 0.94
1.2 0.17510.45711.143|125181 229 | 156 | 1.66 | 2.10 | 1.19 | 0.78 { 0.86 | 1.07
14 0.187(0.52011.09812.484| 2551 1.70 | 1.63 | 1.88 { 1.27 | 0.88 | 0.83 | 1.06
1.6 0.20610515|1.25312.7091 25411611172 2.00|1.40 ;088095 1.15
1.8 0.25710.565(1.317|12.700| 3.17| 1.74 1 1.80 | 2.08 | 1.750.96| 0.99 | 1.15
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Table 5. Opening area of the sea anchor model in accordance with the type
of sea anchor pendant

type of sea . , opening area o
~nchor opening area of mouth, m'. ( design. area x100, %)
pendants 0.1m/sec 0.2m/sec 0.3m/sec 0.4m/sec
Prototype 0.253 (89) 0.250 (88) 0.254 (90) 0.266 (94)
N4 0.252 (89) 0.267 (94) 0.252 (89) 0.252 (89)
N2 0.274 (97) 0.267 (94) 0.274 (97) 0.279 (99)

Table 6. Drag and drag coefficient(CD) of sea anchor models by opening
and design area in accordance with velocity and type of sea
anchor pendants

type of drag. ke Co cal?ulated by Co cal.culated by
sea opening area design area
anchor velocity, m/sec velocity, m/sec velocity, m/sec
pendants | 1 | 92 | 03|04 (01{02[03|04]01[0.2]03]0.4
Prototype |0.373[1.310({2.810{6.0072.83|2.52|2.36{2.71|2.532.23|2.12{2.55
N4 0.385(1.291/3.121/6.237|2.94(2.32|2.65|2.98|2.62]2.19(2.36|2.65
N2 0.390{1.158{3.032|5.989]2.73|2.08/2.36|2.58!2.65(1.97|2.282.54
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Photo. 5. Opening shape of sea anchors with the prototype and N4
structure of pendant in the water channel.
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Table 7. Opening area of the sea anchor model in accordance with the size
of drain-hole

d'ia. of opening area of mouth, m2, (% %100, %)
drain-hole.
mm 0.1m/sec 0.2m/sec 0.3m/sec 0.4m/sec
20 0.252 (89) 0.267 (94) 0.252 (89) 0.252 (89)
40 0.274 (97) 0.274 (97) 0.282 (99) 0.277 (98)
60 0.252 (89) 0.259 (92) 0.267 (94) 0.274 (97)

Table 8. Drag and drag coefficient(CD) of sea anchor models by opening
and design area in accordance with velocity and dia. of drain-hole

Cp calculated by Cp calculated by
drag. kg ) .
dia. of opening area design area
drain velocity, m/sec velocity, m/sec velocity., m/sec
-hole. mm

01102103 {04(01{02({03/04/101102]103]04
20 0.385]1.29113.221(6.437]2.94|2.3212.74(3.0712.62|2.19|2.44|2.73
40 0.408|1.280(3.216(6.764|2.86|2.24|2.44[2.93{2.771/2.1712.43|2.87
60 0.391]1.290|3.515(6.602]2.9912.40|2.81(2.89(2.66|2.20|2.652.80
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Fig. 16. Efficiency of sea anchor in accordance with velocity and size of
drain-hole.
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239 37]d o2 AMAYSE #E37] st &4 72 AAAZA] 0.6m
o]i, b/az} 0.6 I3t el =¥ P37} AR ZAe] 0.3mel b/azl 0.6 =3t
Argel 2o dste Z2t7t ¢3mmel 2E| A2 Bo2 97e] 0.6m% 0.3m
A g TEAA BAE ol Hell ¥zt gl AR ] dAH A FA
H52 3l F4 0.1~0.4m/sec®] "M 0.1m/sec A 22 WA 7|HA =
HAYPE AAF Ao Table 9 2 Fig. 173 2}

fr A A &2 %H]HB] AY Aste} ob@rA 2 {So] wehlel wet s3laa
Hog Frlste AL oz vebga, dHAIes AARZA] 0.3mY o °F 2.21°]
32, 0.6md W <F 23022 YA Alegoeze 0.09 Ax 29 0.3mA el
ulste] oF 4% AX AA el

aziy AAIAZC] 0.3m? & 23 AYeM dF2 EAE AT A¥
ste 49 74 239 A48 §5H Ae F AN FAeld WA AF
Y dojAl zge HEH A FEAA AN 7z zelrp AdH oz zHA
vehba 259 Sl gie} wAsle Al ASr1e 5323, VIR
ol dojzl AAE] A7 et Soll oA A, AL Aol 4] o
<+ Aoz veygd.

Table 9. Drag and drag coefficient(CD) of sea anchor models by opening
and design area in accordance with velocity and dia.of mouth

diaof | area of drag. kg Cpb calculated by opening area
mouth | mouth velocity, m/sec velocity, m/sec

mm o\ omF o oo o3| 04| 01 | 02 | 03 | 04
0.3 0.071 [0.082(0.324|0.734|1.275| 2.23 2.20 2.22 2.17

0.6 0.283 [0.34811.338|3.064 | 5.785| 2.37 | 2.28 | 2.32 | 2.46
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Fig. 17. Efficiency of sea anchor in accordance with velocity and size of model
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{Front)

(Rear>

Fig. 18. Flow pattern around the edge of the sea anchor model

Fig. 19. Separation zone in the wake of the sea anchor model
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(Front)

(Rear)

Photo. 6. Visualization photography of the flow pattern around the edge
of the sea anchor model.
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Photo. 7. Visualization photography of the flow pattern around the edge
of the sea anchor model by the long twine with 3 ply.
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Photo. 8. Visualization photography of the flow pattern around the edge
of the sea anchor model by the milk spout method.
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A2Ad A A4

1. siM2d 3 A=A

2 Alakel] o] &7 ojateiRlE AAZF ol = (Vorticity)7t AEFF d49E
th-2] 2}AF(Vortex filament)?] Aoz ¥ 3, 7+ it 25 534 %
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|ibe] vl Zidata, #HelwsZ 4 559 Al s ol Z4A)
FH9 582 Mo HIZ AF ol&EHI lon, AFHozx F¥I} HEE
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& AN E SAREUS A, S2e(Bound vortex)E A 7l= W
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>

3

O : Bound vortex
X : Control point
o : Free vortex

Fig. 20. An analytical model
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Table 9. Drag coefficient(CD), lift coefficient{(CL) and Strouhal numbers{(St)
for various camber ratios(B/C).

B/C 0.1 0.2 0.3 0.4 0.5
CD 2.5 2.3 2.4 2.3 23
CL +0.25 +0.44 +0.60 +0.72 +0.88
St 0.208 0.196 0.204 0.187 0.185

Table 9l ct}efdt Awvju]l B/Cel mE dHAF Cp, FHAF ¢, ¥
Strouhal & St£ yebdot. 71M ZF S 40028742 AAbste], 580 F
3 2L A, F FHAS oA 2F0|3E Vg & HFwel & &
HAee Hdzt H2@S 424 HFP29 Strouhal 5= St=fC/U(f: Fx4d A
TR A4 dA dHASE 2 Avu|rl 245 2 glel 4k A4
o Ay B/C=0.59 A% ¥AS Cp=2322 7|29 APV 2 dxs
2 ek FHAFE 29 st F45 o AF Go] diFHeg Frlslm
At} =3F Strouhal & FAwiu|7t 45 A2k 2 ol FAagcl. F Table 9
E Aoz ¥d FHAS Strouhal = A W3} oy SHAS g
Aulzl Forgel wet dEF Frhsta ol EES AAY AS Auust A
Fo] & A%ele AL Aelr}t gloddA 53] 4 Aol UYL &
et

Fig. 24 A|7hHste] @& 2d~ $¥ 2 SeHelAe Wstg Jepid, o
Yo $&o ZAF A~Ex 247 Fig. 239 J¥FAe 137] Aol AR 7
A A~Eel A%dd A Edx 3 E 839 FE uid & ¥ (-1, 0) 2
BE FEH XA 23 F9 A% Bellde FACA LA WAA k(a2 e
A @EANY Ed27t 2 g Awista oz, Ce DellAe= Hii 2 olzid o
A AR A AR BE (el ORANZE 2 wiE-E At ot



{(a) Vortex distributions {b) Stream lines

Fig. 21. Flow patterns for various camber ratios(Ut/C=40)

10 20 30 40 10 20 30 40

uvc uvc
Fig. 22. Drag and lift coefficients Fig. 23. Drag and lift coefficients
with time(B/C=0.1) with time(B/C=0.2)
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Fig. 24. Flow patterns with time.
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(a) Stream lines {b) Streak lines (¢) Time lines

Fig. 25. Flow patterns with time.
(A~C on the figure correspond to those points on Fig. 23)
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Fig. 26. Analytical model
U, ' wind speed, V, : ship speed, V. : current speed

Vr ! relative speed between current and ship (V.—V,),
Ug : relative speed between wind and ship (U, + V)
R, : wind drag of ship, R, : water drag of ship,

R, . water drag of sea anchor
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& om, e WS A% R SR
R,+R,—R,=mu;, (12)
<. R, EEY A
R, w2l {23
R, 1 ¥ie] F71A%
q714 el 7t&ES g, =dV./dt 2 A=Y i £5 Vol AR ez

A7 AF e=07F "Ho}p, 2222 (12)4]

2 "
NE:
R,= 3 CpoAVs? (14)

<4 R, EE9 543 (Newton)
Cp: €Y FHA+
o852 YE (Kg/m3)
A EXY 7<EEAH (m2)
Ve 279 wle] AdEx (V.- V,, m/sec)

R.=0.0218°-Y% (=Ll—)2.9.8 (15)
w=0. 2 o514’ "9

. R, 99 F71A4 8 (Newton)
B: A& (m)
Ug - 3718 w8 BAd&=((U,+V,, Knots)
71e} : 1 Knot=0.514 m/sec. 1 Kg;,=9.8 N

RS=R/+R, (16)
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@ R, .88 #<A3H(Newton)
R, ]9l whaz] 8 (Newton)
R, 1 v}e] Jo A& (Newton)
R=fAVR"®
=0.2973 63{1 +0.0043(15 — N} A V55
<. R, wle] whabx gt (Newton)
fiebEA S
A:A4EDH(m2), A=CVD-L
C:AlF(=26)
D : w2 (m3)
L:wie} Zol(m, #4713
Vet 259 e AREE (V.- V,, m/sec)
§ e ¥lF(=1.025)
A s ubAHAlS{ = 0.1392+0.258/(2.68+ L))
t:ale 2%( °C)
R,= Ryaet Reday

_ _bD™® 4, 1 4,

. R, w9 A3 (Newton)

w

Riae W18 =338 (Newton)
Reas -8 29218 (Newton)
b: A5 (=0.65)

D : wj42(m3)

L:ale] Zol(m. AR

Ve i 259 vl9 Adi&Ex (V. -V, . Knots)

71€} 1 1 Knot=0.514 m/sec. 1 Kg,=9.8 N
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cC .

COCCCCOCC FLOW AROUND SEA ANCHOR(CHORD TYPE) IN UNSTEADY FLOW CCOCCCCCC
cC (SC-F.FOR)

CC BY RO KI-DEOK 19975.

C

C

C  -mmmmmmmmeees PRINCIPAL NOTATION --~-----=-----===-=-m-

C

C C : CHORD

C U : VELOCITY OF UNIFORM FLOW

C MR : NUMBER OF RETRAINED VORTEX

C Z  : COORDINATES OF CONTROL POINT

C ZR : COORDINATES OF RETRAINED VORTEX

C KR : VALUE OF RETRAINED VORTEX

C

0CCOCCCCCOCCCOCCCCCCCCCCC MAIN PROGRAM COCCOCCCCCCOCOCCCCCOCCCCCCCCOCCC
C

CCCCCCC NAME :SC-FFOR

CSLARGE

C ____________________________________________________________

COMPLEX CMPLX,IAL,CEXPZ(50),ZR(50),ZE(1000),ZEV(1000)

INTEGER T,TS(10)

REAL A(50,50),KIR(50),KE(1000),XY(50), KO(S0)

REAL CL(500),CD{500), KEP KEQ

COMMON /CMI/MR /CM¥Z /CM¥ZR /CMA/KR

COMMON /CM&/ZE /CM&/KE /CMI/ZEV /CM&/A

COMMON /CMB/UCKI /CMIO/XY /CMII/NE

COMMON /CMIZ/ZKO /CMI3/CX.CY /CMIA/TS /CMIS/AL /CMI&/CSIG
COMMON /CMIYALL.TH} /CM20/SAL.EAL

@]

CCCCCCCCCCCCCCCCCCOCCCCC INPUT PARAMETER OCCCCCOCCOCCOCCOCCCCCCCCOOCOCCC

OPEN(4,FILE="PRN:" STATUS='"UNKNOWN')

O OO0

GO TO H
WRITE(#,10)
10 FORMAT( C=? , MR=? ')
READ(»+) CMR
15 WRITE(*20)
20 FORMAT(' SIG(0.025)= ? )
READ(+,*) SIG
WRITE(*,30)
30 FORMAT(' DT\0.06)= ? B(00-04)= 7 ")
READ(**) B
34 WRITE(*3)
3 FORMAT( B(0.0-04) =7 )
READ(++) B
WRITE(*,40)
40 FORMAT(’ T(END STEP FOR VCLD )=? )
READ(s) T

U=10
C=10
MR=2)
SIG=0.025
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DT=01

RO=10

P1=314156265
RM=FLOAT{MR)
CK1=C/RM

ALL=00
RR=(BsB+(0.5+C)s+2)/(2.0+B)
THI=20+ASIN(05+C/RR)
DTH=THI/(20+«RM)
SAL=PI+THI/20
EAL-=PI-THI/20
AL=THI/20

45 WRITE(«5)) CMR

0 FORMAT(' C= "F42' MR= ']14)
WRITE(*60) DESIG

60 FORMAT(' DE= ‘F74, SIG= 'F74)
WRITE(s,70) DT,B,SU

70 FORMAT(’ DT= ‘F53' B-= ‘F52' SU-= 'F42)

DO 80 I=1,10
WRITE(+90) 1
0 FORMAT(" DATA STEP ? PLEASE INPUT ! TS(' 15, )=")
REAIXs,*) TS(D)
J=l
IF (TS(D.BQO) GO TO 100
80 CONTINUE

C
GO TO 120
C
100 DO 110 I=J,10
TS(D=0
110 CONTINUE
C
C
120 WRITE(#,130) TS(1),TS(2),TS(3), TS(4),TS(5)
C  WRITE(4130) TS(1),TS(2),TS(3),TS(4),TS(5)
130 FORMAT( TS(1-5)="'54)
WRITE(%,140) TS(6),TS(7),TS(8),TS(9), TS(10)
C WRITE(4,140) TS(6),TS(7), TS(8),TS(9),TS(10)
140 FORMAT(" TS(6-10) = '34)

OPEN(10FILE="C\POSTCRPT\DATA\VCL.PAR’ STATUS='"UNKNOWN’)
WRITE(10,*) T, TS(1),TS(2), TS(3),TS(4),TS(5)
WRITE(10*) BCUMRDT.SIG

CLOSE(10)

C
600006006006060600608081 .14/ 00000008000000680000000600008000500066000
C

DO 160 I=1 MR+1
RI=FLOATXI)
ETH=SAL-(RI-1.0)*THI/RM
IAL-CMPLX(0OETH)
Z(=RR+CEXP(IAL)

IF (LIBQMR+1) GO TO 160
ETH=SAL-(RI-05)*THI/RM
IAL=CMPLX(0OETH)

ZR(D=RR+CEXP(IAL)
160 CONTINUE

C
C
06006000806060066060600) MAIN START COCCCCOOCOC00COC0CO0000C
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PJ=10
NP=1
NE-0
DO 500 NN=1,T
NE=NE+2

DSH=SAL+DTH
IAL=CMPLX(0.0,DSH)
ZE(NE)=RR+CEXP(IAL)
DEH=EAL-DTH
1AL~CMPLX(0.0,DEH)
ZE(NE-1)=RR+*CEXP(IAL)
CCCOCOCCCOCCCOCCCCCCCCCCOCCCOCC - SUSED START
CCcCC  PJ=10
IF (PJ.BQ.1.0) THEN
CALL GYOl
PJ=20
WRITE (*,190)
190 FORMAT(" PASSED GYOl )
ELSE
CALL GYO2
PJ=1.0
WRITE (*+200)
20 FORMAT(' PASSED GYQ2 1)
END IF
cC DO 211 =1 MR+3
cC DO 212 J=1MR+4
cC WRITE (*215) LJA(L)D)
CC 215 FORMAT(" A('J3',13') = F74)
CC 212 CONTINUE
CC 211 CONTINUE

C
CALL SIMBQ(MR+3)
WRITE (+220)
20 FORMAT(' PASSED SIMEQ !')
DO 230 I-1MR
KR(D=XY()
20  CONTINUE
IF (PJBEQ20) THEN
KE(NE-1)=XY(MR+1)
KE(NE)=XY(MR+2)
ELSE
KENE-1)=XY(MR+2)
KE(NE)=XY(MR+1)
END IF
C GO TO 233
CC000CO000CCO0COCCOCOCCOCC DISTURBANCE START CCC
NTC=20
DK1=10
DK2--10 .
IF (N\NGTNTC) GO TO 23
IF (NPEQ1) THEN
KE(NE-1)=KE(NE-1)*DKI
KE(NE)=KE(NE)*DK2
NP=2
ELSE
KE(NE-1)=KE(NE-1)*DK2
KE(NE)=KE(NE)*DKI
NP=1
END IF
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CCO00000CO0C00CO0CCO0C DISTURBANCE END SUSH END QCCC
KE(NE-1)=XY(MR+1})
KE(NE)=XY(MR+2)

DO 236 [=1,MR+3
WRITE (+,235) LXY(I)

25 FORMAT(' KR("J3') ='F64)

236 CONTINUE

IF (NNNE1) GO TO 20

DO 240 =1, MR
KO(=KR(I)
CONTINUE
GO TO 2R

BRBKKAY

Og g

20 CALL CXY(DT)
WRITE (+250)
200 FORMAT(" PASSED CXY ')
C
270 CALL DFZKE(NNRR)
WRITE (+280)
230 FORMAT(" PASSED DFZKE !')
IF (NNEQT) GO TO 320
C
CALL VEL(DT)
WRITE (+,290)
230 FORMAT(" PASSED VEL )
DO 300 I=1NE
ZEM=ZEM+ZEV()*DT
00 CONTINUE
CALL NEG(RR)
WRITE (+310)
310 FORMAT(" PASSED NEG ')
C
320 RO=10
COF=05+¢RO*U+U+C
CCL=CY/COF
CCD=CX/COF
CL(NN)=CCL
CD(NN)=CCD
C WRITE(4,330) NN,CCL,CCD
C 330 FORMAT(' (JI3') CL-"F73’' CD='F73)
WRITE(%,340) NN,CCL,CCD
30 FORMAT( ('J3") CL='F73’' CD='F73)
C
500 CONTINUE

C
OPEN(10FILE='C\POSTCRPT\DATA\CLD.PLT",STATUS="UNKNOWN’)
WRITE(10,+) ‘ZONE F=POINT, I=",T
NAA=30
AA=06
DO 610 I=1,T
o000CcC GO TO 615
IF (LTNAAORLGT.T-2) THEN
GO TO 615
ELSE IF (ABS(CL{I)).GE.AA.AND.ABS(CL{I+1)).GEAA) THEN
CLI)=(CLA-1)+CL(+2))/20
CD)=(CDA-1)+CD{+2))/2.0
ELSE IF (ABS(CL(D)).GEAA) THEN
CLH=(CLAI-D+CLAI+1))/20
CDI)=(CDXI-1)+CD{I+1))/2.0
END IF
615 SIsFLOAT(*DT/C
WRITE(10,#) SI, CLI),-CDXD
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610 CONTINUE
CLOSE(10)
STOP
END
100060000000080006060600) SUBROUTINE CCOCCCCCCCCOCCCCCOCCOCCCCCCCCCCCoC
C
SUBROUTINE SIMEQ(N)
C
INTEGER FLAG
REAL A(5050),XY(50)
COMMON /CMB/A /CMIO/XY

FLAG=0
NP1=N+1
NM1=N-1
DO 10 K=1,NM1
KP1=K+1
MAX=K
DO 20 I=KP1LN
IF(ABS(A(MAX K)).GT.ABS(A(MAX K})) MAX=]
20 CONTINUE
[F(ABS(AMMAX K)).LT.10E-7) GO TO'9
IF(MAXEQK) GO TO 30
DO 40 J=KNP1
T=A(K])
AKJ=AMAX])
AMAX])=T
40 CONTINUE
30 DO Y0 I=KPIN
T=ALKVAKK)
DO 60 J=KP1,NPi
AQD=AL]-T*AK])
60 CONTINUE
50 CONTINUE
10 CONTINUE

DO 70 KB=1,NM1
KM1=N-KB
K=KMl+1
AKNPD=AKNP1/AKK)
T=-A(KNP1)
DO 80 I=1, KMl
A(NPD=ANPD+T+A(LK)
80 CONTINUE
70 CONTINUE
A(LNPD=A(1NPI/A(LD

DO 90 I=1N

XY(D=A(LNP1)
90 CONTINUE

RETURN

SUBROUTINE GYO!
OOMPLEX IAL.CMPLX CEXP,CLOG,SIM,Z(50),ZR(50),ZE(1000)

COMPLEX AlAABB
REAL A(50,50),KEX1000)
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OOMMON /CMI/MR /CM2/Z /OMYZR /OME/ZE
OCOMMON /CMG/KE /CMB/A /CMUCKI /CMINE /CMIS/AL /CMI&/CSIG

IAL-CMPLX(0.0.AL)

DO 100 I=1MR+1
DO 110 J=1MR
Al=CLOG(Z()-ZR(J))
AA=(00,1.0)+Al
AQ])=AIMAG(AA)

110  CONTINUE
Al=CLOG(Z(D)-ZE(NE-1))
AA=(00,1.0)*Al
AQMR+1)=AIMAG(AA)

Al=CLOG(Z(I)-ZE(NE))
AA=(0010)+Al
A(LMR+2)=AIMAG(AA)

A(MR+3)=-10

SIM=(0.0,00)
IF (NELE2) GO TO 125
DO 120 K=1NE-2
AV=CLOG(Z(D)-ZE(K))
AA=(00,1.0)+Al
SIM=SIM+KE(K)*AA
120 CONTINUE
125 A(LMR+4)=-1.0« AIMAG(-U=Z()+SIM)

100 CONTINUE

DO 200 J=1,MR
A1=Z(1)-ZR(])
AA=(001.0/Al
BB=CEXP(IAL)*AA
AMR+2,])=REAL(BB)

200 CONTINUE

A1=Z(1)-ZE(NE-1)
AA=(00,1.0/A1
BB=CEXP(IAL)*AA
AMR+2MR+1)=REAL(BB)

24 Al1=Z(1)-ZE(NE)
AA=(00,1.0/Al
BB=CEXP(IAL)*AA
A(MR+2MR+2)=REAL(BB)

26 AMR+2MR+3)-00

SIM=(0.0,0.0)
IF (NELE2) GO TO 215
DO 210 K=1,NE-2
A1=Z(1)-ZE(K)
AA=(00,1.0/Al
SIM=SIM+KE(K)*AA
210 OONTINUE
216 BB-CEXP(AL)
AMMR+2MR+4)=-1.0sREAL(BB*(-U+SIM)

217 DO 220 J=1,MR+2
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A(MR+3])=10
20 CONTINUE
C
AMR+3MR+3)=00

SvV=00
IF (NELE2) GO TO Z%
DO 230 K=1,NE-2
SV=5SV+KE(K)
20  CONTINUE

25 A(MR+3MR+4)=-SV
C
RETURN
END
C
(006060600060000600000606000000000000000606000000000600600600600600006000000:
C
SUBROUTINE GYO2

COMPLEX 1AL ,CMPLX CEXP,CLOG,SIM,Z(50),ZR(50),ZE(1000)

COMPLEX Al,AABB

REAL A(50,50),KE(1000)

COMMON /CMIY/MR /CM2/Z /CM¥ZR /CMY/ZE

COMMON /CM&/KE /CM&/A /CMYUCK1 /CMIINE /CMIYAL /CMI&/CSIG

IAL=CMPLX(0.0,~AL)

DO 100 I=1,MR+]

DO 110 J=IMR
A1l=CLOG(Z(D)-ZR()))
AA=(00,1.0)*Al
A(L))=AIMAG(AA)

110 CONTINUE
A1=CLOG(Z(1)-ZEXNE))
AA=(00,1.0)+Al
ALMR+1)=AIMAG(AA)

A1=CLOG(Z(I)-ZE(NE-1))
AA=(00,1.0)*Al
A(MR+2)=AIMAG(AA)

A(LMR+3)=-10

SIM=(0.0,0.0)
IF (NELE2) GO TO 1%
DO 120 K=1,NE-2
A1=CLOG(Z(D)-ZE(K))
AA=(00,1.0)+Al
SIM=SIM+KE(K)*AA
120 CONTINUE
15 A(LMR+4)=-1.0+AIMAG(-UsZ(I+SIM)
C
100 CONTINUE
C
DO 200 J=1LMR
AlI=ZZMMR+1)-ZR())
AA=(00,1.0/A)
BB=CEXP(IAL}*AA
AMR+2,])=REAL(BB)
20 CONTINUE
C
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Al=Z(MR+1)-ZE(NE)
AA=(00,1.0/Al
BB=CEXPUAL)*AA
A(MR+2MR+1)=REAL(BB)

24 Al=Z(MR+1)-ZE(NE-1)
AA=(00,1.0/Al
BB=CEXPUAL)sAA
AMR+2MR+2)=REAI(BB)

26 A(MR+2MR+3)=00

SIM=(0000)
IF (NELE2) GO TO 215
DO 210 K=1,NE-2

Al=Z(MR+1)-ZE(K)
AA=(0.010/Al
SIM=SIM+KE(K)*AA

210 CONTINUE

215 BB=-CEXIIAL)

AMR+2MR+4)=-1.0+REAL(BB+(-U+SIM))

217 DO 20 J=1MR+2
AMR+3])=1.0
220 COONTINUE

A(MR+3MR+3)=00

Sv=00
IF (NELE2) GO TO 2%
DO 230 K=1NE-2
SV=SV+KE(K)
230  CONTINUE

25 AMR+3IMR+4)=-SV
C
RETURN
END
C
1000000000000000000600000000080;
C
SUBROUTINE VEL(DT)

SUSEI END  CCOCCCCOCOCOCCOOCacecaoCceece

COMPLEX CMPLX CONJG,ZR(50),ZE(1000),ZEV(1000)

COMPLEX Al AAZERCFZAFZBFZ(4)
REAL KR(50),KE(1000)

COMMON /CMI/MR /CM3/ZR /CMY/KR /CM&/ZE
OOMMON /CM&/KE /CMIT/ZEV /CMB/UCKI /CMIINE /CMI&/CSIG

DO 10 I=1LNE
IF (KE().BQ.0.0) GO TO &0
DO 20 J=12
IF JBQ1) GO TO 2]
IF JBQ2) GO TO 2
21 ZERC=ZE()
GO TO 5
2  ZERC=ZE(+DT/20+FZ(1)

5 FZA=(00,00)
DO 30 K=1LMR
Al=ZERC-ZR(K)
AA=10/A1

—182~



IF (CABS(A1.LT.SIG) GO TO 35
=FZA+(0.0,1.0)*AA=KR(K)
GO TO
FZA=FZA+00,1.0)* AA*KR(K)*CABS(A1)%*2/SIG#»2
CONTINUE

s 8

FZB=(0.000)
DO 40 K=1,NE
IF (LEQK) GO TO 40
Al1=ZERC-ZE(K)
AA=10/Al
IF(CABS(A1) LTSIG) GO TO 45
FZB-FZB+(0.0,1.0*AA*KE(K)
GO TO 40
FZB-FZB+(0.0,1.0)*AA*KE(K)*CABS(A1)**2/SIG##2
CONTINUE

8 &

FZ(J)=FZA+FZB-U

20 CONTINUE
C

ZEV()=CONJG(FZ(2))
GO TO 10
%0 ZEV(D)=(0.0,00)
10 CONTINUE

SUBROUTINE NEG(RR)

COMPLEX CLOG,Z(50),ZE(1000)

REAL KE(1000)

COMMON /CMI/MR /CM2/Z /CME/ZE
COMMON /CM&KE /CM1I/NE /CMI&/CSIG

Al=AIMAG(CLOG(Z(1))
A0=AIMAG(ICLOG(Z(MR+1)))

DO 10 K=1NE
X=REAL(ZE(K))
Y=AIMAGZE(K))

RXY=SQRT(X#X+Y*Y)
TH=AIMAG(CLOG(ZE(K)))
IF ((THGT.AOORTHLT.A1).ANDRXY.LERR) GO TO 15
GO TO 10
15 NE=NE-1
DO 20 KK=KNE
KE(KK)=KE(KK+1)
ZE(KK)=ZE(KK+1)

SUBROUTINE DFZKE(NT,RR)
C
C
OOMPLEX AAZ(50),ZE(1000)
INTEGER T, TS(10)NV(10)

REAL KE(1000),XX(1000),Y'Y(1000)



aon

C
C

C
C

C
C

REAL XP(700), YP(700), XM(700), YM(700),GX(100),GY(100)
OOMMON /CMI/MR /CM2/Z /OME/ZE /CME/KE /CMIUNE /CMI4/TS
COMMON /CMIY/ALL, THI /CMXV/SAL EAL

DO 10 I=1,10

J=l

IF (TSD.BQ.O) GO TO 20
10 CONTINUE

GO TO 21

20 DO 30 I=],10
NV(1)=0
30 CONTINUE

21 IF (NTBQ.TS(1)) GO TO
IF (NT.EQ.TS(2)) GO TO
IF (NT.BQTS(3)) GO TO
IF (NT.EQTS(4)) GO TO

IF (NT.EQ.TS(S)) GO TO

GO TO
GO TO
GO TO
GO TO

— b
(=)
=

BREIRERRS

IF (NTEQTS(6))
IF (NT.EQTS(7)
[F (NT.EQTS(8))
IF (NT.BQTS(9))
IF (NT.EQTS(10)) GO TO

—
—_
(=]

GO TO 111

101 OPEN(10FILE="C\POSTCRPT\DATAVZKEI.PLT' STATUS="UNKNOWN')
NV(1)=NE
GO TO 120

102 OPEN(I0,FILE="C:\POSTCRPT\DATA\ZKE2 PLT' STATUS="UNKNOWN')
NV(2)=NE
GO TO 120

103 OPEN(10,FILE="C\POSTCRPT\DATAVZKE3 PLT' STATUS="UNKNOWN')
NV(3)=NE
GO TO 120

104 OPEN(10,FILE="C\POSTCRPT\DATAVZKEAPLT' STATUS="UNKNOWN')
NV(4)=NE
GO TO 120

105 OPEN(10FILE="C\POSTCRPT\DATAVZKES.PLT' STATUS="UNKNOWN’)
NV(5)=NE
GO TO 120

106 OPEN(10,FILE="C\POSTCRPT\DATA\ZKES PLT’ STATUS="UNKNOWN')
NV(6)=NE
GO TO 120

107 OPEN(10,FILE="C\POSTCRPT\DATAVZKE7 PLT' STATUS="UNKNOWN')
NV(7)=NE
GO TO 120

108 OPEN(10,FILE='"C\POSTCRPT\DATAVZKES PLT', STATUS='UNKNOWN')
NV(8)=NE
GO TO 120

109 OPEN(10FILE="C\POSTCRPT\DATAVZKEIPLT', STATUS="UNKNOWN')
NV(9)=NE
GO TO 120

110 OPEN(10,FTILE="C\POSTCRPT\DATA\ZKEIOPLT' STATUS="UNKNOWN’)
NV(10)=NE
GO TO 120



C

c

C

L OOO0OOOO0OO0OOOO0O0O0O0 O

120 KP-0
KM=0
DO 130 I=1,NE
AA=ZE(D)
XX(I)=REAL(AA)
YY(D=AIMAG(AA)
IF (XX(D.LT.-75) GO TO 130
IF (KE().LT.00) GO TO 140
KP=KP+1
XP(KP)=XX(I)
YP(KP)=YY(D)
GO TO 130
140 KM=KM+1
XM(KM)=XX(D
YMKM)=YY(D)
130 CONTINUE

WRITE(10,#) ‘ZONE F=POINT, I=’, KP
DO 190 I=1,KP
WRITE(10,*) XP(I),YP(D)
150 CONTINUE

WRITE(10,#) 'ZONE F=POINT, I=', KM
DO 160 I=1, KM
WRITE(10,#) XM(D,YM(D)
160 CONTINUE

KB=61
WRITE(10,#) "ZONE F=POINT, I=, KB
D=THI/FLOAT(KB-1)
DO 165 K=1KB

RK=FLOAT(K)
DD=SAL-(RK-1.0+D
GX(K)=RR+0O0S(DD)
GY(K)=RR+SIN(DD)
WRITE(10,*+) GX(K),GY(K)

166 CONTINUE

CLOSE(10)

IF (NTEQTS(1)) GO TO 170
GO TO 190
170 OPEN(10,FILE='C\POSTCRPT\DATA\BODY.TG' STATUS="UNKNOWN’)
WRITE(10,+) ‘GEOMETRY X=10, Y=05 T=LINE'
WRITE(10,%) 1
WRITE(10,*) 61
D=THI/600
DO 180 K=161
RK=FLOAT(K)
DD=SAL-(RK-1.0)*D
GX(K)=RR*COS(DD)*0.5
GY(K)=RR*SIN(DD)*0.5
WRITE(10,*) GX(K),GY(K)
180 CONTINUE
CLOSE(10)

0 * IF (TS EQOANDNT.EQTS(-1).ORNT.EQ.TS(10)) GO TO 200
GO TO 111

C
200 OPEN(10FILE='C:\POSTCRPT\DATA\ZNV10PLT' STATUS='"UNKNOWN’)
C

DO 210 I=1,10
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WRITE(10,*) NV(D
210 CONTINUE

CLOSE(10)

SUBROUTINE CXY(DT)

COMPLEX CONJG,ZR(50),ZE(1000)

COMPLEX Al,A2 AA

COMPLEX GA,GBGC.GD.GG

REAL KR(50),KE(1000)

REAL KO(50),KN(50),KD(50), KDN1,KDN2

COMMON /CMI/MR /CM3/ZR /CMA/KR /CME/ZE
COMMON /CM&/KE /CMYUCKI /CMIYNE /CMIZ/KO
COMMON /CMI¥CX.CY

PI=3.1415926535
RO=10
CC=00
DO 10 J=1MR
CC=CC+KR(J)
10 CONTINUE
GA=-(00,1.0)«U+CC

AA=(00,00)
DO 20 J=1LMR
DO 30 K=1NE
Al=KE(KW/(ZE(K)-ZR(]))
A2=A1*KR(J)
AA=AA+A2
0  CONTINUE
20 CONTINUE
GB=AA
C
DO 40 I-1MR
KN(D)=KR()
40 CONTINUE
DO 50 I=1MR
KD(D=(KN(D)-KOXD)/DT
50 CONTINUE
KDN1=KE(NE-1)/DT
KDN2=KE(NE)/DT

AA=(0000)
DO 60 J=1MR
AA=AA+KD(J)*CONJG(ZR()))
60 CONTINUE
GC=-1.0%(00,1.0)*AA

Al=-10#(0.0,1.0+*KDN1*=CONJG(ZE(NE-1))
A2=-1.0%(00,1.0)*KDN2+«CONJG(ZE(NE))
GD=Al1+A2
GG=-20+PI*RO*(GA+GB+GC+GD)

CX-REAL{GG)
CY=-AIMAG(GG)
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DO 70 I=1L,MR
KO(D=KN(I)

Content-Type: text/plain. charset=us-ascii; name="Sc-s.for”
Content-Transfer-Encoding: 7bit
Content-Disposition: inline; filename="Sc-s.for”

C
CCCCCOCCC FLOW AROUND SEA ANCHOR(CHORD TYPE) IN UNSTEADY FLOW CCOCCCCCCC
(SC-SFOR)

BY RO KI-DEOK 19975.

{9?8

C : CHORD

U VELOCITY OF UNIFORM FLOW

MR : NUMBER OF RETRAINED VORTEX

Z  : COORDINATES OF CONTROL POINT

ZR  : COORDINATES OF RETRAINED VORTEX
KR : VALUE OF RETRAINED VORTEX

caococecooon

3O
)

COMPLEX CMPLXIAL CEXP,Z(50),ZR(50),ZE(1000),ZEV(1000),ZP(25,500)
INTEGER T,T(10)

REAL A(50,50),KR(50),KE(1000),XY(50)

REAL KEPKEQ

COMMONI/CMI/MR /CMZ/Z /CM3/ZR /CM4/KR

COMMON /CMYZE /CM&/KE /CMI/ZEV /CME/A

COMMON /CM9/UCKI /CMIO/XY /CMII/NE

COMMON /CMI4/TS /CMIS/AL /CMI6/ZP /CMIT/NT1 /CMI&/CSIG
COMMON /CMI19/ALL, THI /CM2/SALEAL

O

CCCCCCCOCCCCCCCOCCCOOCCC INPUT PARAMETER CCCCCCCCOCCCOCCOCCCCCOCCOCOCoCC

OPEN(4,FILE="PRN:’ STATUS="UNKNOWN')

O OO0

GO TO 34
WRITE(,10)

10 FORMAT(' C= 7, MR=? ")
READ(+*) CMR

15 WRITE(*20)

20 FORMAT(" SIG(0.025)= ? )
READ(# ) SIG
WRITE(*,30)

30 FORMAT{' DTX0O.05)= ? ')
READ{(*,#) DT

34 WRITE(+35)

35 FORMAT(' B(00-04)=7 ")
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READ(++) B
WRITE(+,40)

40 FORMATC TXEND STEP FOR STL)=? '}
READ(s+) T

DT=01
NS=2%
U=10
C=10
MR=20
SIG=005
RO=10
P1=314150265
RM=FLOAT(MR)
CK1=(/RM
ALL=00
RR=(B*B+(05+C)**2)/(2.0+B)
THI=20+ASIN(G5+C/RR)
DTH=TH/(2(+RM)
SAL-PI+THI/20
EAL=PI-THI/20
AL-THI/20

C

45 WRITE(+30) CMR
50 FORMAT(' C= 'F42' MR='Jl4)
WRITE(+80) DESIG
60 FORMAT(' DE= 'F74,’ SIG= 'Fi4)
WRITE(+,70) DT,BSU
70 FORMAT(' DT= "F53’' B-= 'F52’ SU='F42)
C
DO & I=1,10
WRITE(*,90) [
0 FORMAT(' DATA STEP ? PLEASE INPUT ! TS('J5,")=)
READ(**) TS{)

Je
IF (TS.EQO) GO TO 100
80 CONTINUE

GO TO 10

C
100 DO 110 I=],10
TS(=0
110 CONTINUE
C
C
120 WRITE(+,130) TS(1),TS(2),TS(3),TS(4),TS(5)
C  WRITE(4,130) TS(1),TS(2),TS(3), TS(4),TS(5)
130 FORMATU TS(1-5)="'54)
WRITE(»,140) TS(6),TS(7),TS(8),TS(9),TS(10)
C  WRITE(4,140) TS(6),TS(7),TS(8),TS(9),TS(10)
140 FORMAT( TS(6-10)="84)
C

OPEN(10FILE="C:\POSTCRPT\DATA\STL.PAR’ STATUS='"UNKNOWN')
WRITE(10,#) T, TS(1),TS(2),TS(3),TS(4),TS(5)
WRITE(10,#) BCUMRDT,SIGNS

CLOSE(10)

C
CO000C0000000000000CC READ Z,ZR 00CCCCO00C00000000000000Cat0006000000CC
c .
DO 160 =1 MR+1
RI=FLOAT)
ETH=SAL-(RI-1.0)*THI/RM



IAL-CMPLX(OOETH)
Z(D=RR«<CEXP(IAL)

IF LEQMR+1) GO TO 160
ETH=SAL~(RI-05)» TH/RM
IAL=CMPLX(0OETH)

ZR(=RR+CEXP(AL)
160 CONTINUE

C
C
C

PJ=10
NP=1
NE-0
NT1=0

DO 500 NN=1,T
NE=NE+2
NT1=NT1+1

DSH=SAL+DTH
IAL=-CMPLX(0.0,DSH)
ZE(NE)=RR*CEXP(IAL)
DEH=EAL-DTH
IAL-CMPLX(0.0,DEH)
ZE(NE-1)=RR+CEXP(IAL)

C
QCCOCOCCCOCCCCCOCCOCOOCO0CCCCCC SUSED START
cCcccC PJ=1O
IF (P]JEQ1.0) THEN
CALL GYOl
PJ=20
WRITE (+,190)
190 FORMATX’ PASSED GYOl V)
ELSE
CALL GYO2
PJ=10
WRITE (+200)
200 FORMAT(" PASSED GYO2 !')
END IF
Cc

CALL SIMBQ(MR+3)
WRITE (+.220)
220 FORMAT(" PASSED SIMEQ !')
DO 230 I=-1 MR
KR(D=XY(D
20 CONTINUE
IF (PJEQ20) THEN
KE(NE-1)=XY(MR+1)
KE(NE)=XY(MR+2)
ELSE
KENE-1)=XY(MR+2)
KENE)=XY(MR+1)
END IF
C GO TO 233
COCCCC0000CCCO00C000CO00CC DISTURBANCE START CCC

NTC=20
DK1=1.0
DK2=-1.0
IF (N\NGTNTC) GO TO 233
IF (NPEQ1) THEN
KE(NE-1)=KE(NE-1)*DKIl
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C

KENE)=KENE)*sDK2
NP=2
ELSE
KE(NE-1)=KE(NE-1)sDK2
KE(NE)=KE(NE)sDK1
NP-=1
END IF

OCCOCO0COACOCOCCOCCCCC DISTURBANCE END

233 CALL STZP(NS,DT.RR)
WRITE (260)

20 FORMAT(" PASSED STZP V)
Cc

C

C
C

C

IF (NNEQT) GO TO 500

CALL VELLDT)
WRITE (*,290)
290 FORMAT(" PASSED VEL !)
DO 300 I=1,NE
ZE(N)=ZEM+ZEV{)*DT
30 OONTINUE
CALL NEG(RR)
WRITE (+310)
310 FORMAT(" PASSED NEG ')

WRITE (+320) NN
320 FORMAT(* STEP NO= *14)

500 CONTINUE

CLOSE(4)
STOP
END

SUBROUTINE SIMBEQ(N)

INTEGER FLAG
REAL A(50,50),XY(50)
COMMON /CMB/A /CMIOVXY

FLAG=0

NP1=N+]

NMI=N-1

DO 10 K=]1,NMl

KP1=K+1

MAX=K

DO 20 I=KPIN

[F(ABS(AMAX K)).GT.ABS(A(MAX K))) MAX-I
20 CONTINUE

IF(ABS(A(MAX K))LT.1.0E-7) GO TO 99

IFIMAX.EQK) GO TO 30

AKJ=AMAX.])
AMAX])=T
40 CONTINUE
30 DO 30 I=KP1N
T=A(LK/A(KK)
DO 60 J=KP1,NP1
ALD=ALD-T+AK.))
60 CONTINUE
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50 CONTINUE
10 CONTINUE
C

DO 70 KB=1,NM1
KM1=N-KB
K=KMI+1
AKNPD=AKNP1/AKK)
T=-A(KNP1)
DO 8 I=1,KMI
A(LNPD=A(INPD+T*A(LK)

80 CONTINUE

70 CONTINUE
A(1,NP1)=A(],NP1)/A(L,1)

DO 90 I=1)N
XY(D=A(LNP1)
90 CONTINUE
RETURN
C
99 FLAG=1
RETURN

END
CCCCOCOCCOCCCCCCCCCC  SUSED START - CCCCCOCCCCCCCCCCCCCCCCCCCCCCCOCoCiool
C

SUBROUTINE GYOl
C
COMPLEX [ALCMPLX CEXP,CLOG,SIM,Z(50),ZR(50).ZE(1000)
COMPLEX Al,AABB
REAL A(50,50),KE(1000)
COMMON /CMI/MR /CM%/Z /CM¥ZR /CMY/ZE
COMMON /CM&/KE /CM&/A /CMY/UCKI /CMII/NE /CMIYAL /CMI/CSIG

[AL=CMPLX(00,AL)

DO 100 I=1 MR+1
DO 110 J=1MR
A1=CLOG(Z(D-ZR(]N
AA=(00,1.0)+Al
A(L])=AIMAG(AA)

CONTINUE
Al=CLOG(Z(1)-ZE(NE-1))
AA=(00,1.0)=Al
A(MR+1)=AIMAG(AA)

A1=CLOG(Z(1)-ZE(NE))
AA=(00,1.0)+Al
A(MR+2)=AIMAG(AA)

110

AIMR+3)=-10

SIM=(0.0,0.0)
[F (NELE2) GO TO 125
DO 120 K=1,NE-2
Al=CLOG(Z(D)-ZE(K))
AA=(00,1.0)+Al
SIM=SIM+KE(K)*AA
120 CONTINUE
12 AU MR+4)=-1.0+AIMAG(-U+Z(1)+SIM)

C
100 CONTINUE
C
DO 200 J=1LMR
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Al=ZA1)-ZR(])

AA=(00,1.0/Al

BB=CEXP(IAL)*AA

AMR+2,J)=REAL(BB)
20 CONTINUE

A1=Z(1)-ZB(NE-1)
AA=(001.0)/A1
BB=CEXP(IAL}*AA
AMR+2MR+]1)=REAL(BB)

04 Al1=Z(1)-ZE(NE)
AA=(00,10/Al
BB=CEXP(IAL)*AA
A(MR+2MR+2)=REAL(BB)

206 AMR+2MR+3)-00

SIM=(0.00.0)
IF (NELE2) GO TO 215
DO 210 K=1,NE-2
Al=Z(1)-ZE(K)
AA=(00,1.0/AL
SIM=SIM+KE(K)*AA
210 CONTINUE
215 BB=CEXP(IAL)
A(MR+2MR+4)=-1.0+REAL(BB*(-U+SIM))

217 DO 220 J=1MR+2
AMR+3])=10
20  CONTINUE

AMR+3IMR+3)=00

Sv=00
IF (NELE2) GO TO 235
DO 230 K=1,NE-2
SV=SV+KE(K)
20  CONTINUE

25 AMR+3MR+4)=-SV

SUBROUTINE GYO2

OOMPLEX IAL.CMPLX CEXP,CLOG,SIM,Z(50),ZR(50),ZE(1000)

COMPLEX Al,AABB

REAL A(50,50),KE(1000)

OOMMON /CMI/MR /CM2/Z /CM¥/ZR /CMY/ZE

OOMMON /CM&/KE /CMB/A /CMB/UCKI /CMIVNE /CMIYAL /CMI&/CSIG

IAL-CMPLX(00,-AL)

DO 100 I=1,MR+1
DO 110 J=1LMR
Al=CLOG(ZD)-ZR(J)
AA=(00,1.0)*Al
AL]=AIMAG(AA)
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110

120
125
C

CONTINUE
A1=CLOG(Z(D-ZE(NE)
AA=(0010)+Al
A(LMR+1)=AIMAG(AA)

A1=CLOG(Z(I)-ZE(NE-1))
AA=(0010)+Al
ALMR+2)=AIMAG(AA)

A(MR+3)=-10
SIM=(0.0,00)

IF (NELE2) GO TO 15
DO 120 K=]NE-2
A1=CLOG(Z(1)-ZE(K))
AA=(001.0+Al
SIM=SIM+KE(K)*AA
CONTINUE
A(MR+4)=-10+AIMAG(-UsZ(D+SIM)

100 CONTINUE
C

DO 200 J=1 MR
Al=Z(MR+1)-ZR(])
AA=(00,1.0/A1
BB-CEXP(IAL)*AA
A(MR+2])=REAL(BB)

20 CONTINUE

C

210
215

a7

A1=Z(MR+1)-ZE(NE)
AA=(00,1.0/Al
BB-CEXP(IAL)*AA
AMR+2MR+1)=REAL(BB)

Al=Z(MR+1)-ZE(NE-1)
AA=(00,1.0¥/Al
BB-CEXP(IAL)*AA
A(MR+2MR+2)=REAL(BB)

AMR+2MR+3)=00

SIM=(0.00.0)
IF (NELE2) GO TO 215
DO 210 K=1,NE-2
Al=Z(MR+1)-ZE(K)
AA=(00,1.0/A1
SIM=SIM+KE(K)}*AA

OONTINUE
BB=CEXP(IAL)
AMR+2MR+4)=-10+*REAL(BB*(-U+SIM))

DO 20 J=1MR+2
AMR+3)=1.0
CONTINUE

AMR+3MR+3)=00
Sv=00
IF (NELE2) GO TO 2%
DO 230 K=1NE-2
SV=SV+KE(K)
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230  CONTINUE
25 AMR+3MR+4)=-SV
C
RETURN
END
C
00000800000080680000080000000 SUSH END C00000C0C00000000000CeCaco00cC

Cc
SUBROUTINE VEL(DT)

COMPLEX CMP[)(.(I)NJG,ZR(&),Z‘J(I(XX)),ZEV(I(XX))
COMPLEX Al AAZERCFZAFZBFZ(4)

REAL KR(50) KE(1000)

COMMON /CMI/MR /CM3Y/ZR /CMA/KR /CME/ZE

COMMON /CM&/KE /CMT/ZEV /CMB/UCK] /CMII/NE /CMI&/CSIG

DO 10 [=LNE
IF (KE().BEQ.00) GO TO 50
DO 20 J=12
IF J.BQ1) GO TO 21
IF (J.BEQ2) GO TO 2
21  ZERC-ZE()
GO TO 5
2 ZERC-ZEM+DT/20+FZ(1)

% FZA=(0.000)
DO 0 K=1MR
AI=ZERC-7R(K)
AA=1O0/A]
IF (CABS(A1LT.SIG) GO TO 3
=FZA+(0.0,1.0*AA*KR(K)
GOTOX
FZA=FZA+(0.0,1. 0)*AA*KR(K)*CABS(A1)%32/SIG#+2
CONTINUE

88

FZB=(0.000)
DO 40 K=1,NE
IF (LBQK) GO TO 40
Al=ZERC-ZE(K)
AA=10/AL
IF(CABS(AD.LTSIG) GO TO 46
FZB=FZB+(0.0,1.0)*AA*KE(K)
GO TO 40
FZB=FZB+(0.0,1.0)*AA+KE(K)*CABS(A1)##2/SIG#+2
CONTINUE

B 6

FZ())=FZA+FZB-U
20 CONTINUE

ZEV(D)=CONJG(FZ(2))
GO TO 10
20 ZEV(1)=(00,00)
10 CONTINUE

SUBROUTINE NEG(RR)
COMPLEX CLOG,Z(50),ZE(1000)
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REAL KE(1000)
COMMON /CMI/MR /CM2/Z /CMS/ZE
COMMON /CM&/KE /CM1I/NE /CMIB/CSIG

Al=AIMAG(ICLOG(Z(1)))
AO=AIMAG(ICLOG(ZZ(MR+1)))

DO 10 K=1NE
X=REAL(ZE(K))
Y=AIMAG(ZE(K))
RXY=SQRT(XsX+Y*Y)
TH=AIMAG(CLOG(ZE(K)))
[F ((THGT.AGORTHLT.AD.ANDRXY.LERR) GO TO 15
GO TO 10
15 NE=NE-]
DO 20 KK=KNE
KE(KK)=KE(KK+1)
ZE(KK)=ZE(KK+1)
20 CONTINUE
10 CONTINUE
RETURN
END
CCCCCCOCCCOC STREAK LINE (CHORD TYPE SEA ANCHOR)  CCOCCCCCCCCCCCCCCOCCCCC

CCCCCCCC NAME: OC3.FOR

O

SUBROUTINE STZP(NS,DT.RR)

ce O

COMPLEX CMPLXZV1ZV2ZVZVL

COMPLEX Z(50),ZR(50),ZE(1000),ZP(25,500)

INTEGER T,TS(10),KK(25),00

REAL KR(50),KE(1000),GX(100),GY(100)

COMMON /CMI/MR /CM2/Z /CM3/ZR /CMW/KR /CMY/ZE /CMG/KE

COMMON /CMYUCK1 /CMII/NE /CMI4/TS /CMI&/ZP /CMI7/NTI /CMI&/CSIG
COMMON /CMIY/ALL THI /CM20/SALEAL

OC=1+MR/2
OX=REAL(Z(OQ))
OY=AIMAG(Z(00O))
ST=0X+1.0«C
SE=0X-30+C
HW=30+C

(@]

DO 10 I=1NS
HHW=HW/FLOAT(NS+1)*FLOAT(I)
ZP(1,1)=CMPLX(ST,OY-HW/2.0+HHW)
NN=NT1
KJ=0
DO 20 J=1,NN
IFKJEQD GO TO 2
ZV1=ZVL(ZP(L]))
ZV2=ZVZP(])+DT+ZV1)
ZV=(ZV1+ZV2)/20
ZP(LJ+1)=ZP(L])+DTZV
IF(REAL(ZP(LJ+1)).GESE) GO TO 2
NN=]
KJ=1
20  CONTINUE
KK(I)=NN
10 CONTINUE
C
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IF (NT1EQTS(1))
IF (NT1LEQTS(2))
IF (NT1.EQTS(3))
IF (NT1BQTS(4)
IF (NT1EQTS(S)
IF (NT1.EQTS(6))
IF (NT1L.EQTS(7))
IF (NT1.BQ.TS(8))
IF (NTLEQTS(9)
IF (NTLEQTS(10) GO TO 1

888B8B8BE
333333333
ERSRRRRRE

—

0
GO TO 11l

101 OPEN(10FILE="C\POSTCRPT\DATA\STLLPLT' STATUS="UNKNOWN')
GO TO 120
102 OPEN(10FILE="C\POSTCRPT\DATA\STL2 PLT" STATUS="UNKNOWN')
GO TO 120
103 OPEN(10FILE="C\POSTCRPTNDATA\STL3PLT'  STATUS="UNKNOWN’)
GO TO 12
104 OPEN(10,FILE="C\POSTCRPT\DATA\STIAPLT' STATUS='"UNKNOWN')
GO TO 120
106 OPEN(10,FILE="C\POSTCRPT\DATA\STL5 PLT',STATUS="UNKNOWN’)
GO TO 12
106 OPEN(10,FILE="C\POSTCRPT\DATA\STL6 PLT* STATUS="UNKNOWN")
GO TO 12
107 OPEN(10FILE="C\POSTCRPT\DATA\STL7 PLT" STATUS="UNKNOWN’)
GO TO 12
108 OPEN(10,FILE="C:\POSTCRPT\DATA\STLEPLT',STATUS="UNKNOWN')
GO TO 12
109 OPEN(10,FILE="C:\POSTCRPT\DATA\STLIPLT’ STATUS="UNKNOWN')
GO TO 120
110 OPEN(10FILE="C\POSTCRPT\DATA\STLIO.PLT" STATUS="UNKNOWN')
GO TO 120
C
120 IKT=0
DO 125 I=1NS
IKT=IKT+KK({I)+1
125 CONTINUE
C
WRITE(10,#) ‘ZONE F=POINT, I=’, IKT
DO 130 I=1)NS
NN=KK(I)
DO 140 J=1,NN+1
XP=REAL(ZP(L)))
YP=AIMAG(ZP(L)))
WRITE(10,*) XP,YP
140 CONTINUE
130 CONTINUE
060000060000600080000CC000IIN: 01\ QN0CEEE0000000000
KB-=61
WRITE(10,+) ‘ZONE F=POINT, I=’, KB
D=THI/FLOAT(KB-1)
DO 165 K=1KB
RK=FLOATXK)
DD=SAL-(RK-1.0)*D
GX(K)=RR+00S(DD)
GY(K)=RR+SIN(DD)
WRITE(10,*) GX(K),GY(K)
165 CONTINUE
C

CLOSE(10)

—196—



111 RETURN
END
0066006000000 0 FUNCTION PROGRAM  CCCCCCCCCCCCCCCCCCCCOCCCCCCCCee
C

COMPLEX FUNCTION ZVL(2Z)
C
COMPLEX CONJG,ZR(50),ZE(1000)
COMPLEX ZA1,AA
REAL KR(50),KE(1000)
COMMON /CMI/MR /CM¥YZR /CMA/KR /CMS/ZE
COMMON /CMG/KE /CMYUCKI /CMI/NE /CMI&/CSIG

ZVL~(000.0)

DO 10 I=1L.MR
Al=Z-ZR(D
AA=1O/Al
IF(CABS(AL).LT.SIG) GO TO 15
ZVL~ZVL+(00,1.0)*AA*KR(D)
GO TO 10
15 ZVL=ZVL+00,1.0)s AA*KR(D*CABS(A1)##2/SIG+2
10 CONTINUE
C
DO 20 I=1NE
A1=Z-ZE(D)
AA=10/Al
[F(ICABS(AL.LT.SIG) GO TO 5
ZVL=ZVL+(0.0.1.0)+AA*KE(])
GOTO2
% ZVL=ZVL+(00,1.01*AA*KE(1)*CABS(A1)+*2/SIG**2
20 CONTINUE

ZVL=CONJG(ZVL)-U

Content-Type: text/plain; charset=us-ascii; name="Sc-tfor"
Content-Transfer-Encoding: 7hit
Content-Disposition: inline; filename="Sc~t.for”

(000600080600000605000060008000000080600800800060060000006006006600060000000¢;
0

CCCCCCOCC FLOW  AROUND  SEA ANCHOR(CHORD TYPE) IN  UNSTEADY FLOW
60000000600000060

oC (SC-TFOR)

& BY ROKI-DEOK 19975
C

C

P PRINCIPAL NOTATION

C

C C :CHORD

C U : VELOCITY OF UNIFORM FLOW

C MR : NUMBER OF RETRAINED VORTEX

C Z : COORDINATES OF CONTROL POINT

C ZR  : COORDINATES OF RETRAINED VORTEX

C KR : VALUE OF RETRAINED VORTEX

C

Q000CCOCO00000C0000CCOCCC MAIN PROGRAM COCOCCCOOCCCCO0000CCCC00000000CC
C

-197-



C _______ _—
COOMPLEX CMPLX JAL,CEXP,Z(50), ZR(50),ZE(1000),ZEV(1000),ZX60.60)
INTEGER T, TS(10),KT(60)
REAL A(50,50),KR(50) KE(1000),XY(50)
REAL KEP,KEQ
OCOMMON/CMIMR /CM2/Z /[CMY/ZR /CMA/KR
OOMMON /CMY/ZE /CMG/KE /CMI/ZEV /CMB/A
COMMON /CMYUCKI /CMIVXY /CMI/NE
COMMON /CMI4/TS /CMIYAL /CMI6/ZP /CMIT/NT1 /CMI&/CSIG
COMMON /CMIYKT /CMXVSALEAL THI

COCOCCOC000COOCO0CCCOCCC INPUT PARAMETER COCCCCOCCOCCO0COCCOCCCOCCCCOCoCC

O

OPEN(4,FILE="PRN:' STATUS="UNKNOWN")

O OO0

GO TOH
WRITE(*,10)

10 FORMAT( C= 7, MR=? ')
READ(*,«) CMR

15 WRITE(*,20)

20 FORMAT( SIG(0.025)= ? )
REAIX##) SIG
WRITE(#,30)

30 FORMAT(' DT(0.1 )= 7 ')
READ(s,+) DT

34 WRITE(+3)

35 FORMAT(" B(0.0-04)= 7 ')
READ(»*) B
WRITE(#,40)

40 FORMAT(' TXEND STEP FOR TML)=? ')
READ(*,#) T

DT=01

NS=60

IT=5

U=10

C=10

MR=2

SIG=002%

RO=10

PI=3.14150266
RM=FLOAT(MR)
CKi1=C/RM

ALL=00
RR=(B+B+(05+C)##2)/(20+B)
THI=2.0+ASIN(0.5+C/RR)
DTH=THI/(20+RM)
SAL-PI+THI/20
EAL-PI-THI/20
AL-THI/20

4 WRITE(+50) CMR

50 FORMAT( C= 'F42' MR="'H4)
WRITE(+60) DESIG

60 FORMAT(' DE- '¥74, SIG= 'F14)
WRITE(*,70) DT,BSU .

70 FORMAT(' DT= 'F53' B= 'F52' SU= 'F42)
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DO 80 I=1,10
WRITE(*90) 1
9  FORMAT( DATA STEP ? PLEASE INPUT ! TS('5/)=")
READ(*,*) TS(D)
J7l
IF (TS(D.BEQO) GO TO 100
80 CONTINUE
C

GO TO 120
C
100 DO 110 I=],10
TS(H=0
110 CONTINUE
C
C

120 WRITE(*,130) TS(1),TS(2),TS(3),TS(4), TS(5)
C WRITE(4,130) TS(1),TS(2),TS(3),TS(4), TS(5)
13  FORMAT(C TS(1-5) ="'84)
WRITE(%,140) TS(6),TS(7),TS(8), TS(9), TS(10)
C WRITE(4,140) TS(6), TS(7),TS(8),TS(9),TS(10)
140  FORMAT(" TS(6 - 10) = '514)

C
OPEN(10,FILE="C\POSTCRPT\DATA\TML.PAR’ STATUS="UNKNOWN')
WRITE(10,*) T, TS(1),TS(2),TS(3), TS(4),TS(5)
WRITE(10,*) BCUMRDTSIGNSIT
CLOSE(10)
C

DO 160 I=1,MIR+]

RI=FLOAT)
ETH=SAL-(RI-1.0)*THI/RM
IAL-CMPLX(00ETH)

Z(D=RR*CEXP(IAL)

IF (LEQMR+1) GO TO 160
ETH=SAL-(RI-05)*TH/RM
[AL-CMPLX(0.0ETH)

ZR(D=RR+=CEXP(IAL)

160 CONTINUE

C
C
00006008000800600000¢0 MAIN START CCCCCCCCOCCCCOCCCCOCCCCCCCCaoCoCe
C

PJ=10
NP=1
NE-0
NT1=0

JP=0

DO 500 NN=1,T
NE=NE+2
NTI1=NT1+1

DSH=SAL+DTH
IAL-CMPLX(0.0DSH)
ZE(NE)=RR+CEXP(IAL)
DEH=EAL-DTH
IAL=CMPLX(0.0,DEH)
ZE(NE-1)=RR+*CEXP(IAL)

C
CCCOCCOCCOCCOCCCCCOOCCCCCOCCCCC  SUSEL START
CCCCC PJ=LO

IF (PJ.EQ10) THEN
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CALL GYOl
PJ=20
WRITE (,190)
190 FORMAT(* PASSED GYOl ¥)
ELSE
CALL GYQO2
PJ=10
WRITE (+,200)
200 FORMAT(" PASSED GYQR2 !)
END IF
C
CALL SIMBEQ(MR+3)
WRITE (+,220)
220 FORMAT(" PASSED SIMEQ V)
DO 230 I=-1MR
KR(D=XY(D)
230 CONTINUE
IF (P].BQ20) THEN
KENE-1)=XY(MR+1)
KE(NE)=XY(MR+2)
ELSE
KE(NE-1)=XY(MR+2)
KE(NE)=XY(MR+1)
END IF
C GO TO 233

(06660008000000000060000600 DISTURBANCE START CCC

NTC=20
DKl1=10
DK2=-10
IF (NNGTNTC) GO TO 233
IF (NP.EQ1) THEN
KE(NE-1)=KE(NE-1)*DK1
KE(NE)=KE(NE)*DK2
NP=2
ELSE
KE(NE-1)=KE(NE-1)+DK2
KE(NE)=KE(NE)*DK1
NP-=1
END IF
C
CCCCCCCOCOCOCCCCCCOCCC DISTURBANCE END
233 CALL TMLINSDTIT,JPRR)
WRITE (+,260)
2600 FORMAT(" PASSED TML !*)
C

IF (NNEQT) GO TO 500
Cc
CALL VEL(DT)
WRITE (+,290)
290 FORMAT(' PASSED VEL !')
DO 300 I=INE
ZEM=ZEM+ZEV({I)+DT
300 CONTINUE
CALL NEG(RR)
WRITE (+310)
310 FORMAT(’ PASSED NEG )

Cc
WRITE (+320) NN
320 FORMATY' STEP NO= ' 14)
C
500 CONTINUE
C
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CLOSE(4)
STOP

END
000000600000605060000600 SUBROUTINE CCOCCCCCCCCOCCOCCOCCOCCCCCCCCCOCCCC

C
SUBROUTINE SIMEQ(N)

INTEGER FLAG
REAL A(50,50),XY(50)
COMMON /CM&/A /CMI/XY

FLAG=0
NP1=N+]
NM1=N-1
DO 10 K=1,NM1
KP1=K+]
MAX=K
DO 20 I=KP1N
IF(ABS(A(MAX K)).GT.ABS(A(MAX K))) MAX=I
20 CONTINUE
IF(ABS(A(MAX K)).LT.1.0E-7) GO TO B
I[FIMAXBEQK) GO TO 30
DO 40 J=K NP1
T=A(KD
A(KJ)=AMAX,))
AMAX ])=T
40 CONTINUE
30 DO 90 I=KPIN
T=A(LKVA(KK)
DO 60 J=KP1,NP1
AWLD=AQD-T+AKJ)
60 CONTINUE

50 CONTINUE
10 CONTINUE
C
DO 70 KB=1,NMI
KMIi=N-KB
K=KM1+]
A(KNPD=AKNP1/A(KK)
T=-A(KNP1)
DO 80 I=1, KMl
A(LNPD=A(LNP1)+T*A(LK)
80 CONTINUE
70 CONTINUE
A(LNPD=A(1NP1/A(1,1)
C
DO 90 I=1N
XY(D=A(LNP1)
90 CONTINUE

COMPLEX IALCMPLX,CEXP,CLOG,SIM,Z(50),ZR(50),ZE(1000)
COMPLEX Al,AABB
REAL A(50,50) KE(1000)
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110

120

15
C

100
C

200
C

210
215

217

OOMMON /CMI/MR /CM2/Z /QMB/ZR /[CME/ZE
COMMON /CMG/KE /CMB/A /CMYUCKI /CMINE /CMIYAL /ACMIS/CSIG

[AL=CMPLX(00.AL)

DO 100 I=1,MR+}

DO 110 J=IMR
A=CLOGZ-ZR(N)
AA=(00,1.0)sAl
AUJ)=AIMAG(AA)

OONTINUE
Al=CLOG(Z(1)-ZE(NE-1))
AA=(00,1.0)*Al
A(LMR+1)=AIMAG(AA)

Al=CLOG(Z(1)-ZEXNE))
AA=(001.0)=Al
A(MR+2)=AIMAG(AA)

A(LMR+3)=-1.0

SIM=(0.0,0.0)
IF (NELE2) GO TO 1%

DO 120 K=1 NE-2
A1=CLOG(Z(I)-ZE(K))
AA=(00,1.0)+Al
SIM=SIM+KE(K)*AA

CONTINUE
A(LMR+4)=-1.0+ AIMAG(-U+Z(1)+SIM)

CONTINUE

DO 20 J=1L,MR
A1=Z(1)-ZR(J)
AA=(00,1.0/Al
BB=CEXP(IAL)*AA
AMR+2,])=REAL(BB)

OCONTINUE

A1=Z(1)-ZE(NE-1)
AA=(00,1.0/Al
BB=CEXP(IAL)*AA
A(MR+2MR+1)=REAL(BB)

Al1=Z(1)-ZE(NE)
AA=(001.0)/Al
BB=CEXP(IAL)*AA
A(MR+2MR+2)=REAL(BB)

AMR+2MR+3)=00

SIM=(0.0,0.0)
IF (NELE?2) GO TO 215

DO 210 K=1NE-2
A1=Z(1)-ZE(K)
AA=(00,1.0/A1
SIM=SIM+KE(K)*AA

CONTINUE

BB=CEXP(IAL)
A(MR+2MR+4)=-10+REAL(BB*(-U+SIM))

DO 220 J=1,MR+2
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A(MR+3])=1.0
20  CONTINUE

C
AMR+3MR+3)=00
C
Sv=00
IF (NELE2) GO TO 2%
DO 230 K=1,NE-2
SV=SV+KE(K)
20  CONTINUE
25 AMR+3MR+4)=-SV
C
RETURN
END

SUBROUTINE GYO2

OOMPLEX IALCMPLX CEXP,CLOG,SIM,Z(50),ZR(50),ZE(1000)

COMPLEX Al AABB

REAL A(50,50),KE(1000)

COMMON /CMI/MR /CM2/Z /[CM¥YZR /CM5/ZE

COMMON /CM&/KE /CMB/A /CMYUCKI /CMII/NE /CMIYAL /CMI&/CSIG

[AL=CMPLX(0.0,-AL)

DO 100 I=],MRR+1
DO 110 J=1MR
A1=CLOG(Z(D)-ZR())
AA=(00,1.0)*Al
A()=AIMAG(AA)

110  CONTINUE
A1=CLOG(Z()-ZE(NE))
AA=(00,1.0)*Al
ALMR+1)=AIMAG(AA)

A1=CLOG(Z(I)-ZE(NE-1))
AA=(00,1.0)*A1
AIMR+2)=AIMAG(AA)

A(MR+3)=-1.0

SIM=(0.0,00)
IF (NELE2) GO TO 125
DO 120 K=1,NE-2
A1=CLOG(Z(D-ZE(K))
AA=(001.0)*Al
SIM=SIM+KE(K)*AA
120 CONTINUE
15 A(IMR+4)=-1.0+AIMAG(-U*Z(I)+SIM)

C
100 CONTINUE
C
DO 200 J=1,MR
AI=Z(MR+1)-ZR(]))
AA=(00,1.0/Al
BB=CEXP(IAL)*AA
A(MR+2,])=REAL(BB)
200 CONTINUE
C
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A1=Z(MR+1)-ZE(NE)
AA=(00,1.0/A1
BB-CEXKIAL)*AA
AMR+2MR+1)=REAL(BB)

04 A1=Z(MR+1)-ZE(NE-1)
AA=(00.1.0/A]
BB=CEXP(IAL}*AA
AMR+2MR+2)=REAL(BB)

26 AMR+2MR+3)=00

SIM=(0.0,00)
IF (NELE2) GO TO 215
DO 210 K=1,NE-2
Al=Z(MR+1)-ZE(K)
AA=(00,1.0/Al
SIM=SIM+KE(K)*AA
210 CONTINUE
215 BB=CEXP(IAL)
A(MR+2MR+4)=-1.0+REAL(BB*(-U+SIM))

217 DO 20 J=1MR+2
A(MR+3J)=10
20  CONTINUE

A(MR+3MR+3)=0.0

Sv=00
[F (NELE2) GO TO 235
DO 230 K=1NE-2
SV=SV+KE(K)
230  CONTINUE

25 AMR+3MR+4)=-SV
C
RETURN
END
C
SUSEI END  CCCCCO0COO0COCCCCooCCCo0CCoCe
SUBROUTINE VEL(DT)

COMPLEX CMPLX,CONJG,ZR(50),ZE(1000),ZEV(1000)

OOMPLEX Al AAZERCFZAFZBFZ(4)

REAL KR(50),KE(1000)

OOMMON /CMI/MR /CM¥/ZR /CM4/KR /CMY/ZE

OOMMON /CM&/KE /CMT/ZEV /CMB/UCK1 /CMI1I/NE /CMI&/CSIG

DO 10 I=1NE
IF (KE(I.EQ00) GO TO X
DO 20 J=1.2
IF (JEQI1) GO TO 21
IF (JJEQ2) GO TO 2
21 ZERC=ZE()
GO TO
2 ZERC=ZE(+DT/20+FZ(1)

5 FZA=(00,00)
DO 30 K=1 MR
Al=ZERC-ZR(K)
AA=10/Al
IF (CABS(A1).LT.SIG) GO TO 35
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FZA=FZA+(0.0,1.0)*AA*KR(K)
GO TO
FZA=FZA+(0.0,1.0)*AA*KR(K)*CABS(A1}#52/SIG#+2
CONTINUE

FZB=(00,0.0)
DO 40 K=1NE
IF (LEQK) GO TO 40
Al1=ZERC-ZE(K)
AA=1.0/Al
[FICABS(A1.LT.SIG) GO TO 45
FZB=FZB+(0.0,1.0)*AA*KE(K)
GO TO 40
FZB=FZB+(00,1 0)*AA*KE(K)*CABS(A1)**2/SIG**2
CONTINUE

88

B &

FZ())=FZA+FZB-U
C
20 CONTINUE
Cc
ZEV(=CONJG(FZ(2))
GO TO 10
0 ZEV(D=(0.00.0)
10 CONTINUE

RETURN
END

SUBROUTINE NEG(RR)

COMPLEX CLOG Z(50),ZE(1000)

REAL KE(1000)

COMMON /CMI/MR /CM%/Z /CME/ZE
COMMON /CM6/KE /CMI1I/NE /CMI&/CSIG

Al=AIMAG(CLOG(Z(1))
AFAIMAG(ICLOG(Z(MR+1)))

DO 10 K=LNE
X=REAL(ZE(K))
Y=AIMAG(ZE(K))

RXY=SQRT(X*X+Y*Y)
TH=AIMAG(CLOG(ZE(K)))
IF ((THGT.AOORTHLT.A1).ANDRXY.LERR) GO TO 15
GO TO 10
15 NE=NE-1
DO 20 KK=KNE
KE(KK)=KE(KK+1)
ZE(KK)=ZE(KK+1)
20 CONTINUE
10 CONTINUE

0660600606006000 TIME LINE (CHORD TYPE OTTERBOARD) COOCCOCCCCCCCCOCCCOCC

SUBROUTINE TML(NS,DTJIT,JPRR)

COMPLEX CMPLXZV1ZV2ZVZVL
COMPLEX Z(50),ZR(50),ZEX1000),ZP(60,60)
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INTEGER T.TS(10)KT(60),00

REAL KR(50),KE(1000),GX(100),GY(100)

OOMMON /CMI/MR /CM2/Z /CM3/ZR /CMA/KR /CMYZE /CM&/KE
COMMON /CMYUCK! /CMIINE /CMI4/TS /CMI&/ZP /CM17/NT1
OOMMON /CMIS/CSIG /CMIYKT /CM2V/SALEAL THE

00=1+MR/2
OX=REAIL(Z(O0))
OY=AIMAG(Z(O0))
ST=0X+1.0+C
SE=0X-30+C
HW=30+C

JP=]P+1

[F (NT1.BQ.1} THEN
DO 10 I=1,NS
KT(1)=1
HHW=HW/FLOAT(NS+1)*FLOATXI)
ZP(L1)=CMPLX(ST,OY-HW/2.0+HHW)
10 CONTINUE
END IF

[F (JPEQIT) THEN
DO 20 I=1 NS
NN=KT(D
DO 30 J=NN,1-1
ZP(1J+1)=ZP(L))
kY CONTINUE
KT(I)=NN+1
HHW=HW/FLOAT(NS+1)+FLOAT()
ZP(L,1)=CMPLX(ST,0Y-15¢C+HHW)
2  CONTINUE
P=0
END IF

DO 40 I=1)NS
NN=KT(I)
KJ=0
DO %0 J=1,NN
IF(KJEQ.1} GO TO %0
ZV1=ZVL(ZP({])
ZV2=ZVL(ZP(1])+DT=*ZV1)
ZV=(ZV1+ZV2)/20
ZP(L])=ZP(1])+DT*ZV
IF(REAL(ZP(I,])).GESE) GO TO %0
NN=]
KJ=1
5  CONTINUE
KT{D=NN
40 CONTINUE
C
0

—

IF (NTLBQ.TS(1)) GO TO 1
IF (NT1LEQTS(2)) GO TO 1
IF (NTLBQ.TS(3)) GO TO 1
IF (NTLEQTS(4)) GO TO 1
IF (NTL.EQTS(5)) GO TO 1
IF (NT1LEQ.TS(6)) GO TO 1
IF (NT1L.EQ.TS(7)) GO TO 1
IF (NTLEQTS(8)) GO TO 1
[F (NT1LEQTS(9) GO TO 1
[F (NTLEQ.TS(10)) GO TO 110

02
8]
™
03]
06
o7
08
09
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GO TO 111

C
101 OPEN(10FILE="CAPOSTCRPT\DATA\TMLI PLT" STATUS="UNKNOWN')
GO TO 120
102 OPEN(10FILE="CA\POSTCRPT\DATA\TML2 PLT" STATUS="UNKNOWN")
GO TO 120
103 OPEN(10FILE="C\POSTCRPT\DATA\TML3 PLT’ STATUS='UNKNOWN')
GO TO 120
104 OPEN(10,FILE="CNPOSTCRPT\DATA\TMLA.PLT’ STATUS="UNKNOWN')
GO TO 120
106 OPEN(10FILE="C\POSTCRPT\DATA\TMLS.PLT' STATUS="UNKNOWN")
GO TO 120
106 OPEN(10FILE="C\POSTCRPT\DATA\TMLG.PLT" STATUS="UNKNOWN')
GO TO 120
107 OPEN(I0FILE="C\POSTCRPT\DATA\TML7.PLT' STATUS="UNKNOWN’)
GO TO 120
108 OPEN(IOFILE="C\POSTCRPT\DATAVTMLS PLT" STATUS="UNKNOWN')
GO TO 120
109 OPEN(10,FILE="C\POSTCRPTN\DATA\TMLIPLT" STATUS="UNKNOWN’)
GO TO 120
110 OPEN(10,FILE="C\POSTCRPT\DATA\TMLIOFLT" STATUS="UNKNOWN')
GO TO 120
C
120 IKT=0
DO 125 [=1NS
IKT=IKT+KT(D
125 CONTINUE
C
WRITE(10,*) 'ZONE F=POINT, I=', IKT
DO 130 I=1NS
NN=KT(I)
DO 140 J=1NN
XP=REAL(ZP(L]))
YP=AIMAG(ZP(1,]))
WRITE(10,*) XP,YP
140 CONTINUE
130 CONTINUE
KB-61
WRITE(10,*) 'ZONE F=POINT, I=*, KB
D=THI/FLOATXKB-1)
DO 16 K=1,KB
RK=FLOAT(K)
DD=SAL-(RK-1.0)*D
GX(K)=RR+«Q0S(DD)
GY(K)=RR+SIN(DD)
WRITE(10,) GX(K),GY(K)
166 CONTINUE
C
CLOSE(10)

111 RETURN
END
60080606000060 FUNCTION PROGRAM  CCCCCCCCOCCCCCOCCOCOCCCocCCCoteoC
C
COMPLEX FUNCTION ZVL(Z)
C
COMPLEX CONJG,ZR(50),ZE(1000)
COMPLEX ZAlAA
REAL KR(50), KE(1000)
COMMON /CMI/MR /CM¥ZR /CM4/KR /CM5/ZE
COMMON /CMG/KE /CMI/UCKI /CMLIVNE /CMI&/C SIG
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ZVL=(0000)

DO 10 I=1MR
Al=Z-ZR()
AA=1VAl
IF(CABS(A1)LT.SIG) GO TO 15
ZVL=ZVL+(00,1.0)*AAsKR(1)
GO TO 10
15 ZVL=ZVL+(00,1 0}« AA*KR(I)=CABS(A1)¢+2/SIG#*2

10 CONTINUE

DO 20 IFINE
Al=Z-ZE(D)
AA=10/Al
IF(CABS(AD.LT.SIG) GO TO 5
ZVL=ZV1.+(00,1.0)* AA*KE(I)
GO TOD
5 ZVL=ZVL+(0.0,1.0)*AA+KE(I)*CABS(AL )++2/SIG#+2
20 CONTINUE

ZVL=CONJG(ZVL)-U

RETURN
END

C
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