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Sovcrul pOG91billtloD for thc calculatlon of flexiblo ropo und
not oyotomn expo~JOd to f10w are fli.'üsontcd. Thoi~" appllcutloll.

, ,
fü.l." tho noll.1.tion of vurlou:J tanko in flohlllg toöhnoloGY 10 din··

CUGGod. Purthormoro it in pointod out to OthOl" paporn iu' thin

f told.
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Dano lu prdocnto publication sont DXpOODOD pluoiours pODsibllitoo,
pour 10 c~lcu1 de systemen da fileta ot da ligncs (uccordugcs)
~ ,

lachen floxiblen. Leur utilinntion pour Ia resolution eios
t' ,

differento problemos da In technique de peche out dlscuteo.
Los Indicationo oont fni teo de plulJ pour ItHl futura tl'nvaux

I
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Tho vust majorlty ofk~ishlne eourn applied tor flshinc may be

soon 1l:3 a floxibloe: tnz:oo-dimonolollnl syotcm cf na ts, ropcs llnd

varlous riGc1ng olooonts bcing oxposod to var10us extcrnul for~
~ , ,~. t· "

ceß. HorewlthtishlnC conrs busicnlly havo to be sopnrated fram
, I

most cf tho<cnGineorlns equipffionto. ~ho mu1n dlfforcncc ic 'thut

1'1 sh1nt; goaro nl1(;h tly change thc 11' shape und pos 1t ion in spücc

nndOl' tho influonco cf extornlll forcen. Hmvcvcr, dctorminlnG those
extornal farccs lc dlfflcult, bCCCUGO thoy DGuin dopend on tho

finhing c,carts ohllpe und pos1tion 'being unl:nown emd variable.
This fuct' load!: to thc dovoloPf.10nt of op~)olal methodo for calcu-

, /'

l~ •.. In t 1ng flo xlblo 1'opo nnd 110 t 0Y5 teos expoGod to flow.

In tho fol1ow!nc thouo mcthods und thelr cLl1culat1on for thc dc--
I . ,

steIl. und calClllation of floxiblo l'ope und not ayotcr.la tOiied in

\'/utur und oxposcd to flo\1 und florlO· ldO(!ß on thc further dovolop­

I::cn t cf thesc mcthods ure protJontocl.

11'110 uquutlono of motion Ql'O fOl'mod startlnc fronl tho conditioIlS ­

of oqul11brltm thnt uro vnlid for tho difforontial olom6ut of
t\·,ino or nottlnc. 1:'01'. tho gonoral cuno wo ur~ golng to sappono

_ (110 bi1nes find uottlnl:;s clOv.1nG in D. vlscous, Inl'lnitol;,' o::::panded,

lJ1cor:lproG~iblc fluid önd r.1Oroovür boine.; il10ully fIo::iblc) and,ln­

oxtuIll31blo. 1110 c:.:ton:J1bility mni botal~ou into ('~CCOlUlt for some

J:1Cjthods ctl11 to bo dlseuG~ol1. 'l'hut I:lOUnB, no bondluc momo1l.td

and tl'nu BVC raa f oreos l!rO trenu 1'.11 t tod. 'l'ho tenn 110 f oreGS . .::tnd

cool'dlllutoo of elements ara functiono of ·thc lll'e coordlnato or

of th8 coordtnoto 11noo nnd ti~o, roopoctlvo]y, bocauso a non-

;1ClGtricting to tho c,~..wc ()f 11 non-tw.tform r;lut:i.. ',,;;~ 01' ~ t ...:ino .ol(~mont,

tho fol1o\'linc dif..fl)l'c::.tj':ll o::U.::ti(..'H ';,'iJ.y. bo outain.ed (c:r. 1!l iguro 1):



~FS_'__ fr ==0
d S 1't:

F
S---"-"'---- -f r =: 0

g* "1N
('J

corr Lpondi g La unit vrct r~ dlru~tcd 1 lC h D.OG
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Bq at10n (1) clwrrcto.t'1zos tLo C llDG of tlH1.:> - fore ~l 01' tho
twino uud i:quatlon (2) 111u9trntcs tlw C [111;":0 )1' ~'tL ,111i'.

l regord to t 1li3 f.lent1onc r co tl1 ml::l not'1n~: ~? ~";l:;i,~t:l'cd

th in 11 IIOGl1 [10 (JUS S ~ '1 r..lI cl t ü tho lY1'0 thc:::lC! t tIu t 11

cf the net l' (H,IIQ 1CJ to :rlow.:.lt tho ullcl1~ OLl Iod iJflo'

'{cloe! ty and th fo ·C. s üetll1L on tho ncttitr, CD 1 )(: dnt{l~rr iue 1,

tl1l, fol1ow1nE; cU fu.t' ntl11 equati n~~ rOG lt Ot' .;hu <1ii'i'ci} 'ull lal

net II r.;c~nt be n' tr" \l1ifol'l.l Blotioa 1)1' ju1:10'" 1'<1'))Q'" 'Gly, ('f.

I"lgur 2):
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6-7 16"2 nornnl forcen dirüctcd clont; the cool~tlirwtc lincs

re1atod to unit loneth

G.) anclo,ua twcan C oOl'dilluto 1inos

i· J.1othod f.2!.....!:ho 9 o.lll~i on cf th!L.Q9.unt tons of l'10t iOll

_1· A!lnlyt1cal Colllt_io_ns___..!l.~=;;.:::..._&...::..;;:-...;;;..;:o:.=.--.=.:.;:..;:;

At prencnt on nnolytica1 solution of ~quations (1) tb (3) 10
known for 3 special easos of twine loada in ono plano (/1!).

'11
11080 Cl.,ilOS l.\rc 0 t\'11nc loaded w1 th tho UndCl'\"Hltor wo ight only,

tho twine -imrondol"'ublo· undel' \'lotOl'- nnlformly loaded ovor tho

ehord und tho t\'/ino ~im11orlllor.)bl(j LUHle:r' \Jutcr- t on. which tho

hydl'odyn~mlcforce io oe t laG in tho normal dil'üc t 1on of the twine
·oloIJont und that rnay ba procontod os

(6)

•C N ronistrinco coofficiont cf a twine uith porpundicu1ar inflow

d dianotor cf tvinc

0<. lUlG10 of uttocl.. uot\'iCCll tl/iIlO olcr:wnt anel 1':'lovl

In tho first cnDe tho o,olution roprc8cnto thü t'clatioun oi' .:l eato­

lHll'Y und in tho soeond enso tho l'ol[jtion~; oi' l.,t J)Lll'ubola. '1'ho l'cla­

tionq 61' tho ,cntollQI'Y n:iy bo üppl10d fOl' prnct1.cu1 calclllntton:3,
1t tho ln1'10w voloc1 ty in so 01";\.:.111 thut tbo hydrorlYfi<:.lidc forcoa

-3 -



ay be net; e~';Gd_ '11110 relations of tl e l"'x'ubolo. l"y be ap ,I". d

fo t e co]cu tio of t e arm 0 sa~r'llG end tonsil~ .ore f

tWine, if tl"' d_1Sity of twino in wüt r 18 upproac dnl' ~"'ro ':11'

t e lctl!l~ hydr dy amic f rc€) TaO' 0 considcr d n", l.l 10.11 b·in
unifor.clly dictributed over tho c...l.ord (omiül deflectiol).

th1r CDJO cf lO"d or an UPl rO •• im' tiv culcul tion of t '11nes

huvinc uc.city in watcr of zero may be Des .ed wit' anc~cv 01

ottack 0" I'1or 1:on ?Oo, bec' llS tho tan.r~0ntj.Ql forcc c oif.ici-3nt c

of th hydro ynnr;lj c :r 0 ces ore ! llcl :Jmal1er tl n tllC 1101' [<-:1 f o' ~

c off1c1cllt •

tI At proscnt an n,lyticul GoI tion of uations (~) and (5), i.o.

the analytical culcul.:l.tion 01' :..hape and tenoilo . rccs of n nc'-
ing i poosible 01' ~ n ttint~ 1m onder bl in rater ... nc1 fiY9d

2 hoops lind beine not·ex os d 0 inflow {bus 'ot oet'ou nly

and this 1G juot valid on con iti n Lot t~o n bel' of mcs}

18 c onG tl.ln~ ovor thc \'/id th of tllv 'hoot of rlGtt i 1/' • .u111l -eieu 1

intocrulu cf tLo f rot ond c cond ~ind (/2/) rcsult "r m th. ~ a­
l. ticol ~)o'luti n. t 0 prncti ' ....... 1 c(,.\ culatio. ~j th t bl s for clli_-

1c 1 tntocrnls r()~ U Clp)licd.

tIn artel ytica !Jolution 1s [lVi iloble for f0W opoci 1 C0000 on1y,

o t ws bc n GI- O\V'll VG. '::ho lution of dii uronti 1 qu...,-

Lion -::.y .... oms t .L,)t L,ro 1'0 .• 1 tin from p l' ic 1 relations of e ui­

1 ibriwn on boln' l. st,.;d for t 10 tl ,-,cri~ ti 11 I' .fla ible ~)ystoms

(~; u tlens 1 to 5) i::; c :1pl ic·'tod. Subdividi 1:::: them into CO!. 0

llO ts in tlle s oe - L'cd COOl' i n~ tu L,yotO \ \:0 obtdin quos i 011ip­

t.ic pn ti 1 iff'l'~n ia1 'lU:..lt' n s 7.Ji Li, tll t Illlst c nt in d­

diti nnI 0lU.... t·o.H, for tlC ~losct'ipt~ f tl 'nisotropy 0 G oots

I' nottinc; ( ur"tlo fon:lUl r
) (~qu(\tio tnile iUG, to •

'1'110 1 <•.w tone:.. ,')1" 1~0t Jl-.~ lJ(..., ... :Ar i ln the O~l t ll, t i 1. /i no~·. :~ po-

ci.'J1 O:·,llic .... tiün~·

üSJU'" 01' !l't'on

l'(;; 1t f1 )1,1 t. of.J C [Lv id-31 d v ion ef Ll ~C /;

Ll10JV ty'.' i 1~; ~y::.tGr:1~;, ',.; ~ uy 'Ir r 1

,dy pr 0­

'~'\J[ tüd



POl' tho oolution of spocinl' t;a:~}~~~ vDrious ,.. t H'; ~'()I,'i'~M
..J ;. ~ l.I .....> ..... u öl Golut1011

- ----------.....

•

r ern po:iciblo :,uld ::'0coa:wl'Y. 1:1.' Goneral nIl !1umorlcal motl{odo of

aoluttcD. f,1{)y bo cot1Cjiu()l'od on' d.1~Cl'.;:,tü"<ltton rr'othodo~ bcCriltGIJ

.inrini totlimul1y ümü.l1 r.;;Ji..~L;:..m tu UC, d t; nrf~ l'nplnc rl d b~' flt.t.i'tc

r)(.lO:lon'~n Ä Li, ~ t • tJovcrtholo an varia ti ons at i 11 con b(~ :1'01'-

forr.1cu horo.

''1'110 llotllrnl oqlwtionn ,ofitwino (1, 3) rn.Jy 'bo Ollbd1v1dodintou

r.YGtom of ordiuury difforontial (j:Llwtioun of first ordOl' uy Bub-
• • '. >

r.:titl1tio!l3 (cf. '/1/, p.A1). UoinCj HunG() Kutta.n1otho<ls thot uro

aval10 bio ln vtlri cua ~~DPlicuti enD in prOSl'om 11bl'nr ioo ur modurn

olcctronie dotn proconninc cY8te~Gt thoronultin~ sot of oqUQ-.
tiOhC can 'ba solvoll .for t.l givun 1n1 tinl 'forco . (mnenl tudo nnd di­

ree t ion) nnd l~no\':n bE.!h~v1our of tho h;Y'drodynamlc 000 ti'ie lohte.

'IIorotho o:duClc1b11ttY·Dnd 1'lc;~urnll71Gt(t'ity·.cal1be tn}~on into

acoount. 1\0 0 ::wlut ion thc nhnpo and loods öt Cl henvyt"tino in'

wator oiposod to flow 10 obtnined. Accordine to thio mothod a
wholo 001'100 cf ealc~latlon proßram~ hOB Ucch dovolopod for dif­
foront tQsl~o, jnGt to Iacntiotl thc fo110w1111;';

/5/. ,

- ccthod for tho
- mcthod for
-' mc thod ! 01'

in tucl~lng

tllc

tho

cnlculot1on
calcllla tiC'rt

eolculuti on

of thu·droß 1'01'0 /1/; /?-I
of'notsoundeb coGicD /4/
of shnpo rind foreds"cf drnc ropoD

SubdividinCtho sot or oquatiOIw (oquations t;-, ',5rlnto three

spaca -fixoc1 c oord lna tao thc. follo\"finr.; C omb1 nn,d d i:t~;l,)ron tial oqua­
tion ~yotom in obtainod by transformation·
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Th1 Gut of . Q.l U ·iO!l" CH! bu ,_ 1 u . u~' oSO::IO •..:~)" lu C:tt:)

unde .o!loi'lorn 1y X'~u 'l'tinß er L'h.') 'i:t'yi ,''; COll :t'O;.lS
v

i'"

hy(.1l~o<1J.rllHlic cOt.. "i ,1 l010ii. ;,(trl tb (lt~ti l{' forco'
vi Y L l' n blect d •• ... F (1· tue (, 1C II [.1 t i 0 S

:F' r th '" ne t S.dLlT'OS l3 V'ü ':ll :JO l tOlle n. .. f,.iluLl

beUIl ublü.. h.d in th. LU :"':0,:'::: i .,\3 ~1~O {jG/,/1/}.

A.. n .... poci.u ca~o thecflcltJ'ttioll(;f 'o},-+(; n of.co't[t'"JC

He 1 .lüDJn or1 tho n t ti [. ü j ll!~ VU1" t:n.'] un - n oe] iC . h10 C 1,1-

[)lH'ud to tho for

-0



lu~t ~ h'OIlSi' ortllQ t 1. (In n' sol 't tury . n tecra t ion öf tl e "CLll<:..< t s

J.( t, nt u1 U,pt eint G-tl i~ obt~ n~:~d, th.::tt ,:_~y sir ply l.$ solved.

n'tJ,w!'ic~~ 1 0 l.litlN' t J.0S \'11 th g(lo"l ~'lprOXil; L\ tli .El ti t'v f ity

/2/. 70r th s ~recial ~ tho o. solution u&ing DU e]~ctIo io

d,'t,. proccooi system C' u ailublc '''01' rotcU-y net ce" (/7/).

: 1., 1:'0

"101' J

( t.r"'YI

i !leI

tnl e s

part)

s nIDotry i9 no 1 l.Der r)qtli ed, t _0 :3i_l'li.fic.,.-

f<..:- have no validity. Giving 't'l'l r"lClpe O. n.e.t
, bo rCdli?cd. WH.l ub5nm:1.r.c th~t the diroctio,n'

Cl . [i n in ton s1 OIl G'1 <. d. G"2. (1'0 j t1 S t t1:).(l ame wS tbo.;· O'

1;110 l',.::,uwt .... rves 0<2 ::1,.;0118 '. 'lnl (X. 1 =-=const., r~}Spec-

• ti.vu)y, uno me"lle 01.' solution haG beG .., pltblishcu '0 .\.!;~:r. / I.
'{csult '11(; fr ,m t'ü~; 't_lU .r J.1 ,i llf, (Ltal1tj,tic~l cOlüd b C!l1c 'la-
od: tho .. 1, e:Z3 trajoct "11[; in t (;) che0'C of Ilettlng, 1 11t~ n

tVlino, lwn:::,1.tv' of nettir., (...{1 un t·· 110... i.n,'; •.At l' nt calcu-

1 tioua of v m1)licutod Shl.pOS of netti.l~." ,~\I" lot p02~sib... 'r!'th

tb1'" U)rrol.W' n' \'1'11 be di,fficLlt in futu 'c, "0,.).

11\0 h j Hv(;)~tiG tj 0 of d tl'l 1 :.1 proc .se(;J~ r.f Eloti n LI:.. '.j ey D.re

HO Itl.111y eCOI 'ri .. 1111'-0 ity c':\uS"ld by ship1t; ~HlO;J11Vl"'JS, r.lcr..\Vlay,

w1n lrift Otut othu . e .. tel'n~l 1.r J'luo.r ces () th" !'lshlnG 8 'st lJ1,

tho oy~t [TI can't t,o con'·1d~,r .... ELS:: c ntin.l.lH. ony moro. ~.Jxp ~

t -. thnr-o i It 8nCCf iho l'~ ..ht; ,=,' do. 0 the fWtU,l .;_ equütiOl~, 0 r.
(7, u) row~ tu Le time ...·l"puIl·-liil.!J llHutiti.Js. ~lCnc.8 '01'" -ehe ....·wi G

f oll \J 11l''t' 1t1" nt t 0 CH 0 oe e II J:' r :i. n.:.

d Fe­
f

dx . . ..-_..-. = X {' -,. X I I "7dt 1.1/ CI I J / C •

duvolon II tl ( . Dr" ~t 11 jllst~'::'i' Ci ~'l(~ . :edin' to t: .. , '~::;l,:. l!or '~1.._

of ~1'r: S! .J.;11uontlj' :H.;ntlov:;d '·.C',i lt" (':::; r '·o]u 1"1 ...I!. ii. i ....; -,.. 'l.;lt

11 ul t .\
I ~ ).. f ...

- :.;. ..
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" .
of connactlon, 1.0. tha r.l1ota \1lth oinnle forcQa 89'O.g. otter

... \. ' ...

boards, alnl~ro. rloa~Qrs or combinedaubsiltutlonal p61nt m88aes
end tho rOßultlns lorce& (F1ßuro :; and 4) •

. '

.
.. • . ' • ,.. ~ . , ,,:'r: t ,,' ,', ." ," ,

Tbo 'oyo tom ia proDontod ao Duff leiontly t Ino'" l!Ju~.Ul vidad s~itJterii" '

of rods and chillns. All f orcon ac t Inti< in thc:: s1hlg1e rads 8hid· extor- I
. . ',. ,' .' '~. '.' .. , . '.' .. '

,nnl!orc6a actlng on thom are aummQrlzod1.n tho" khota aa p'o'in t tor-
cea. 1'here 'are a100 modlf1cationa to be tound:' Vllth the polht mas­
BeD in tha c~ntro of ,rod. ,Howovor tho t:1~in prihfclple- 18 n'öt
changod by thl0 faot. 'l1Jl~otb~r-approuchosfor'galn:1hs'ausetul,"

solutl'on may bo aubdlvidQd' 1n two bao1callydlfferont methods.
, ,•

~rE~2.1~ Solution uslng:d\tforontlal Bgugtlon nyptoms
.. I

Du'e,Jo th~' motion "at tho tO\,llngayotom' in wate1-, ,thatmay,' ba ra-
, ) I,.'; • . " .,' '"'. ". •

pl'ooonted by [j tw:i.no loaded at tho, ond or u' co:nbined ,system of se-

, vornl ,tn1noa 'or' a n~tt difforent forc13:J '01'0 actine on tha po'lnt,'
. ~ '. . . l ' ,

maasca cocblnod in tho MotO. 'l'hooo 1'orco:J 01'0 ,,'

, .
, .": : -,

, .:

'. ",,', .. ''''''

!'f from polnt, mass" "- forces cl inortie duo to acoolorntlonS'~t Y.
~ ..( . ' . . ,', " ,', - " . .

, end' bydrodynamlcal mafia to bo ~addadi' '

- taoolle forcon ol t\vine elc63nta adjucoüt to tho, .r~..ots (r.ads)

'- hydrodynoclc loada unltedln tho,knot

,e
At ~ach momont ~~'thoso torcooi:1t1ot torm an oqul11brlUm.' Connec;'" ' '
. . i ' , .. '", .. ' , .. . .~'.: ' .

tins' tho knot··oqul11briumo \'iith,(}ocL. other must·'bo 'corr1od out
uslng 'tho' tonsl1ot'QroQo'~in!tho-slnnlo ,twine cJomonts~t~' both Imots'

adj a~ont to them.,
t" •

- . .. . _ ,1'

'Unl:'.nowno" to bosolvod tor each Imot lll'O thotbllowlng (lUantltlea

,;)c.,; ~., t. sr, t, ',x, -;V, ~'. :'n( 1) ( t). I:a~i' ~nch 'l~otu t\l'ftoront1al,'
,e'lullt1on DyntStlmllybe tormulutodw1th ltBsubdivlo1ot~1uto~edor-"!"
dln~ry dltterentlcil'~qu~tlon'~yotcm~6ntnlnln~ on adequat~ uu~ber"

,ot ßC),uatlona 'nntl.Wllmoy:ns. it~I" n' knota in' the twln~ syotem the
:', number of ord1nary :d1ffol'ont1ttl.' QtlUtl.t!onD Dust: -ba !lluit1pll~d by-. the

"
•• j ..

" '
' .. - ,'._,-

.. ,

- ., .... ",



•

tactor n. The t of equ tlons galned ln thls wqr nd belng very
e teD. 1v 1Jl gen r 1 18 solved applylng ettlelent I l. ge-Kut,ta me­
thod by eans 'ot lectron1c d~ta processlng. Alth ~# th18,~ thod
15 very xp net • X"ecently 1:t oou d uccess, l~y' b lsed !t.Q:t: ;.the. .

aolutlon of very lnt restlos problems in the dynaml" of .towed
eyst • One restrlotlon 1s t that only rod oh ins Ithout ~onnec-

tlon. 1•• multiple pendulum , h v been used ~ 9ubst1tutlona~

system' tor much mOl'S complicated systems. Howevor. tran the theo­
rat loal point of viaw the treatment of systems w1.th roul tipi o on­
neotlon must be posslblo. too •

Exarople tor 6poei~1 aolutlona tound out by GDR spaciallsta 1n
f1ahlng technolo~y er J

- modal on h av1n and voerlng of ~ol glc tr wl ayste! 8 (among
oth rl /9/, /10/)

- model on the conn..-3 ... tlon beiwr8:3n eh1.p 81 tow d system during
etcoring mnnoeuvr s /9/.

ystems•

As lt has alre dy' boan roention d

atems are eher eta iz d by their
1ntluance ot extern 1 end innar

shape on the I,ther a unitll1e and

tl e equl1lbriltL of torc(jt) in e

•
u tho IntroductloA, ~owing 6y­

sp 1 1 design forrninß.under the
'orcus Oll the one and (;lnd of

spoclflad appl3srnnce guaranteelng
h p·eint •

.~tefldy s t te ealcula t.l.9J!!!

If nO\l 31mpl1t,flne; the to 'inc 1he S Gtero a6 mouttonod 1;,1 dlacr ­
ticü.ed 1n fl w. y, th t it 18 ~ubd1vided sufftet ntly fin in a llum­

ber of ri Id rl)d • belng in th poiutw ef cenne ti D, 1.e. the
knotl3, momon.tlus connected Vlith euch other, thon the equilib:rlums
cr fore 6 'can b· tormulated for each-knot. It 1· l130 ul to fix

_. 0 -.
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"'\

tho unlUlown orlontut1on otthe singlo rod elemonte in advancc in
, "

a wo.y, that thc ,un1t ,vootor t Ci of ~,:"th r,od element still to be
'calculated I S al\~aYD dirootod. fromtho ne1ghb,ourlng l<-..not KI to

tho tollow.h)s.1Ulot K1+1 ~ In t~o rads ·1 thc tona11e force '1'1 1a
act1ns, th~t la unkno\7n. tao (F1~uro 5). 'l'h1a tonslle'forco 1s'

. , .- . '. ,'" . "'. . ....
~ntroducQd '.int 0 thooqu111brium of forcos 1n, Imot KI V/lth+T

i
.o

i'. " , ... '

,and ioto that ln~.rJlotKi+1' w.ith -Ti,,01~ On thc lr..oot additionally
tho'externlllloads un1tcd tOQ point 1'01"00 are actlng in tho .

'rango, pt thc knote Tho Olluilibrluo of forcea for,lmot Kr '1n Flgu­
,1'0 5 ls1

'.'. ~ ~. . .... ~ .."", .... F~, "- T.' . e·, . .' ' - T. '. e. \ t I. " e. '+ T. 'e· :::; - K
' l - n - 1 ,t. - n - 1 ( L - n' L - n, L -1 L-1 l. L.' I '

_(11 )

Accordlng to thla for ro l~ots in' tho diflcroticize~ tow1ng ~ystern

m' analogous. oQuatlona (11) may' bo formulutod. DOCllUOOllS a rlllo
the nu'rober of knota 13 lower thun tho: !lumbor of rod ol~monts in., /

. the. systom other rolations Ol'Q l{.lcl~lng•. that rooy be torfllltlated ro-
,sultlng t1'omtho geomatrlcalcondlt1ons. As an cxample frwlFl':'.

gure 5 only one. equatlonahould bo montloll0d bolnß typ1enl for nota,
. . \ . .

.... .--. ......
q ·e. + q·e.·:'" 0 'e:
.• l-n (. Li1

, --- a . e ..
. L-l1f1

..... ~ 'I

.::.0 (12)

Summarlzing allanalogoua relations uceorci~ng"to E'lllutlons (11')

and'(~2), a"aot cf oquatioria c~n.bofo~mulatod,thatmaybollnoa--rizod and uhlch contalna -tbo compononto of unlt vectorso
i

in tho
:; dimons ions of. spaco x, y, z as unl~no\Vns;

", ~ .

" ,

....
e~ :::

L

I

X' ,t.., .
Yl ,

I

l;
l

~x..'~.+{j.2 +i~ ;: 7
L·.·.·.::J( L

\ .

.
I

I " .,' . '

,
" ,

'. I 4 X
x~==--.:..:...­

t. t1S



.hol 0 ...· eleee ....

od:

t

tlon

n

lnitl1 O.l.Ll'S 1'0 'Oll.))ly üstlJaotc "O!l~'~:':... ~C:-...
'1,. '0 CO' K L cunt· Ll L '(Ll'o<lyr," l:lc fo...'ccs c.~ (>:: ';:'lr'

1'10 u. lno' orient tior' 01' unit v.cto~n e , fo G'13 oi' <,',';:\:: C"

... ln·'l .I.orc I;J • , u.". slll·- rn, flx1t\.;X's an oth r.:J_ ,"" ).~ 1'1

th t ""0 1 ';htly clcncndi on ttl.O 1.;.f't rJiclc

t cf on tl; o'e t va bo b r) cal u ete 1 (,)',.1) ,·:t c~cl

\.'1 th tl e obt in d ep ,rox .m t DDfi /1' /, /'1 'l./. 'l':.CJ

1. cd Oll t u s iug II 1.10 LI' od l' C)'l;' "he DolL1 v i 0'1 01' .... x-

e 'Jlll t an . Ia 19tA th c· lculu i L. 01' U GO'c}'-

..., 1 d bean )r :"untod :for tho first tir.i /1:~/ (.C"-
6).

"1 1~ leul tl u 1s conuoctcd to t

'.:1 u ('U a towin .,y,..d,(IIl D Cl v nuido 'l.lbly C 1ungod

11! d l' t ll~ly 1nf'low t th Y t)!!l ompf r d the Q t ticu1 10a(.:

t ea ... h "not <..\notho· lnflol v luciiy 18 aciins 'i ch 18 ~\SSW.1e

to 0 alu 1 for the hole lange of action o~ thc kn t.

- .l.f'om tlo 1. ase'

fo·c.s of aar
ud hydl'o ynl. mi I 1 was· e' uni t cd in the l:,n.ot

er re ul tin inere. s . g t e kn.ot f 01'(;6

oth shores ci! tore may bo calculat d. witl the nccol"O,l,jons "co
,le uxpoct ~ b€ling ow Dnd ~1th the ht:pe of th Gystell Duing h. \11.

'r'lle O~ pandcd m tho 1... ba ...od upon th I:\oiüod . sCl'ib~d tIle pre-

vi u " pa Ge ~ 11' t a mothod 1...1 intro lH; d f' 0 .. ' thü Cd Cll EI ti on
of tr cl v ]oc1t m <lctul~l initial V'llluf.J, \'!hich '1101/

the t lCLlJ.. tion of tl u t 1'Ol"CO by LItt! \.H.l.C oE ... ···lD.i !;(; ~ tup of
U'l Ulll'Q,tion LI, t u ..... ln; tho LC 1] 0\'/ HG "ot-tLpt,:

- " -
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Vr ( t f L1 t) - VI (t) + QI (t) a f + a; (t + t1 t) 11; (15)

• F ul J lu for tl c el r t10n illere St3S Q~ Cf +4t) lead

1 ot d1 t neo U10 situ ted in a way that

t rf d, 0 tot dcd 01' Cltt. 'l'lleretere at
tion or " cys tem embcddil1ß" 18 1nserted

o uc 1 n 0 t._t:.: rici1nul lL'ngth ef the rod....
ion i!~cr ~se~'I Btill boillt, faulty

~_IH'''' +'- -- • -..... - t - _. '\ •• I,,,,, "i ' \'V tho end1 ~ • ..,.. v ... ..,...... Ll 1,.11;;;1 t.J J.U ,/,.\;, l'.uv .. ~ L"
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tu 1.1n,:;'l <.l:cord ng to the 11l3tlod of discreti-
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1
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caefflclants represont the Nowton numbar.

•

- prGSHUrO di:fferenco rolatotl to uroa llnit.

, .
'l'heir doterminution by calculatlcn rcquiros tho flo~1 P:'lttOl'rl for

the C ons iderod body - L e. tha t\'iine 01' tJw HO t w1 th complleatod

Bur face - t 0 1J0 knmm, th 1s 15 .. hoüovor not th.o aase. Honeo thc

eoeffieionts must be detormined OXp01'iwcutully. It 10 a Pl'o-condl­

tlon to detorrr:lno tho functiofwl dopoudotlce cf tho cooffic1cnts

to bo calculated on varlouH phys1c'ü pal'tH1:etürs. It rnay bo d06­

cribod qualitatively Wlth

( ., 0)
(' ,

tor tho twine Bnd

_ ..... , cl)
C ri:;= f ( Re -d,Sh, <'/~K I. fvlA , FA I NA I U 11 --'n I' c<." I 0<. 2. I' - - ( 19 )

e r 01" the nett Ing

Ro-d
Sh
1Co-'t'

l.lA

NA

lL1
, i.· f.
X,.1''''

o(1/oL~
d

U

- noynold.u numbor ro 10 tod' t 0 d,larne tor

- Strouhul numbor
- oxtondDd Froude numbar

1:1n<1 of Lillioriel

- kind ol ti'lino
"- kind of rlOt

,

hnuginc coofficiont
- oriontation of t~ino in opncc

- oriontatlon of nett1ng in f:?iJCÜ

- ~U(lJ:lC tor of t Wl.tlO
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u ant on original ea1 ua haB the consequence,

n r aas tho normal omyJonent cf the 11 i:'odynumio

da lectlon resu1tlne trom hlch un oxact tlsr.;essment
10' d1ftlc It. ~trone pr atrain ngs tor t e decleaso

clamping dovJ s wh1ch aua6 a cOldiderable
nd i th th1u a tale ticat10n of mOLl' urine re-

v th lntluonce cf the kind of material L~ may only
thl ay. lnv stig tlolls ot towlnC C' blos are oft n
th cubltJl3 belng towed w1. h trae und. Thon the <>b-

l; n~1 18 8. tl\notlon of tho Tl:~" number •. l!i rom

t th i; th iade ündence cf the co()t!jc1ent funct10nn
yn Id mbar nULlt b SllpP060d.

Gi r 111.g

h t i

1 d
111

01 d

1ntlu nc
Bult. U

b S 10 rln n

c r 1ed OUlf

taln d towi
th1a t II

e on tl n

'fh tnv t ea ions of nettiui-;a U'O utl11 lUore com lic..utucL Hore
the in uenc ot the hanging coefficit}nt u1 , th t can't be taten

corut lt fo o·1G1f'\.~1 di:H;lt;ns, {.'lust nddltiullu1l,j lJ tal"an 1nto

ccount. In mnar1s0D to 110 mothods mon~ioned 00 tor tlo upp11-

catton f rlg d models ot. crs the ndv ntage, th t the poss1ble de­
tlee 10n way be n.g]actad an the fastonlnc cf models may be

c rrle out 1ne thut tlu irl.~luenco on the m08HU "ine l' sults

10 on y un portaut. ;~not'l l' advantage result::l f' om the flct, that

by p rtly c n~ldo bb model aughontat1ons th dependance of th
QOu 10ien un. the UU,j'nold- 0. 'mbtlr 1a to be j'ealized very wellt

iy UB of wod 1 u~l!l(:ntution tb3 oxact strueturo of the l;urface

e tuay 01 0 . ulatcd vcry good. r·t; 18 howevL.:l' very diff1~ult to

"imul th ktnd of !lwt:n"al.

Duu to th .bys1cal clrcu..ost,<,\I1ce'" the dot "l'fl11nod coeff1c1E-Jf.lt·

are alw ye valid or a atrtctl J' 'E:strlctC3d r ... ~).t.~(;3 on1y., 1..8 fol'

tho c tun 1 mvJ 1 U""Gd r 01' t hi:: DhW6 LU' mant s. A tl'fUl.e In1158 1 . Cl. of th

1. ul'oc.lyn m1 c~Hf c1enta 0 oxtfJUdcld tiolda, dU it 1.0 uGLlnl t

pros n"t. nUl t nl cessar11y caU~t;~ err rs that .J uld Ü!l.l l' O' le

import nt. Sev l:,al ... wn 1nv. tigütlullo on th1, pJ.'oul,.c. UX'O vEl11.::tble

/15/ /t /"
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Deta11ed 1nvestig~tions on the dynam1c8 of hoavy towing systems
(fish catchlng systems) beine towed require the ~etermination
of tha lufluonce of residual vibratlond ot rops elements Inthe
tOWillS system on the coeff101ents, wh:'ch may be dascribed by:the
Strouhal nwnber. The impl1 0vewent of the c'ulcula tion methode for
dynamical and qU8s1-oteady con~ltions cf motiondoscrlbed in thls

\p&per 18 malnly depandlng on thc succoDoful detormination ot,this
Influonce In futuro~ aOR spacialists in i'inhinr; tochnoloßY try to
mako contrlbutions to the solution of those problems.
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6; I <5=2 ... - nornlol forces re la ted to length unit
, .

in the d/recf/on of 'me sh diagonal

7:,2, '"C21 - tangential {orces related to length

un/t in fhe' direction of mesh d/agonal

~1 I 0<.. 2 -' coordinate fines

p

,

-fJg.2: Forces acting on netting elemenf
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