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Review of theorebical studles on & trewl
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J. H, Sbeele.

S In trying to undarstand how Elshing gear works the problems ‘that ariﬁe ara ;j;-
©usually sonngoted with the difficulbies of melking measurements on the gesr, The.

use of speeially designed instrumenbs have providsd many answors but the questlen
arises whether an epproach bescd on hydrogynamical theories could be of eny bhelp
in supplying an additional basls for interpretation of resulbs?  The only: attampts e
to answer this question have been made by some Japanese sclentists and this r@vieW’j_'_
will disouss their work and obher possible develomments, It hes been made at the: = -
suggestion of my colleague Mr. W} Dmuks@n and th@ freguent disaussxons wath.hxm are
grat@fully a@kmewladgeda : : R

- I problems of this kind, the usval methed is to braak dawn hho @@mplex
struoture lnbo various simple parts which are ameveble te mathematioal ﬁreaﬁmant,
Such- simple forms will often be ideslisations of the actual compoments and they - ﬁqz
wlill be considered separately, The resulbs obtained will give expressiomns for ﬁha o

. Porees ‘acting on eseh part for all possible dimensions, angles of abtback and. spee&szaﬁ

-~ cof ourrent, It s this knowledge of all the relevant varlabions which meke sueh .

 results useful since, when cach struchurs is then considered as part of e traw13_<~f-'

estimates can be given of the forces acting on it, farses whieh are ofﬁen not '
direotly measurable in the trawl. :

It ls obvious that the value of the proscss ﬂependa on the &egraa of S
roalism in the sorrespondence bebween the ldesllsed forms and the actual parbe of [':T
tho net represented, It also depends on the amount of inbersction, whon recombined -
in the trawl, of parts which have been considered separately. Thess are the fashors
whieh must Be borne in mind when attempﬁs are made to eanstruc% suitahla th@or@%iaa&if
formulas. 0

Of the smmplﬁ forms for whieh hydrodynemio data are avaiiablag two. are
importent in relation to a trawl. Firstly there are the results for sirsuloy
cylinders which oan be used for the warps, for the main ropes and for the twine of .
the net, Seocondly, dabta for flst plateﬂ Yo relevant o the astion of Lrawl boar&agﬁ_T

The Net.

The Japanese exparamﬁmﬁs have beon sanserned mainly with fanéing %h@ &rag ]‘”*
on rectangular pleses of net at various angles o the flow, The formulae for this
dreg have becn based on the forses thoughb R R R SR
" tooact on a single plece of twine. The _
idealised piobture, shown in Fig. 1, consists
of a oylinder of wnit. length inclined at an
angle B-40 the flow and with the foroe
acbing on it split inbo resolubtes ¥ normal
%0 the eoyliinder and 8 along it.

The avallable results for the
megnitudes of these compoBénts will be
-mentioned first bogether with the possibllity
of epplying them to a btrawl. This will
~provide a basis for discusszng the Japanese Fige 1.
. W@T&&

Brdofly the results are a8 fcllawss
= 1 sm & L s B OREAERIOEBEROD O (1}

where D is the drag when ﬁh@ axis of the. cylinﬁer is perp@ndlaular to the direeticnj?_
of flow arxd . _ o
D = "f"z" & :‘ & v % da Cﬁ

LY I Y EEEEEEEEE X (2}

where f is the density of the fluiﬁx g is the ﬁlamﬁ%@$ of the ovlinder, v is %he ST
 velosiby of the oylinder relabive to the fluid amd Cp is the drag maeffmeienﬁa The;"
drag is pubt In this form (see Goldstein, 1938) beaausa Cp ; then depends only opoal o
. dimensionless number R, the Reynolds mmbar, squal o ved/ |, where.' is the
" kinematie viseosiby {Lhis is the normal viscosity divided by the densibyl. Fora
- oylinder the dependence of Up on R has been found experimentally (see Goldshcing '

1938) and the relation (1) has also been tesbed. several times (Giau@rt$ EQSQ
' .-_Kullenhergs 1%1 Kewakemi and Euboﬁ% 1&55)*-
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: The éepen&anaa of .5 on 8 1s not nearly 80 well knﬁwn but the form uvually__;
”-suggested is : 1o o e
s . o o S “"‘2"% ng GS G(‘)ﬂ 8 TERFOA PRI HOE G S P E O {3)
whera ﬁs, like C., will depend on R, but in thls oase very little is lmown abaut :
“its value. Bobth Cg and Op will also depend on the surface roughness-of the
- eylinder, the effeoct probably boing greaber for ¢, than for Cpe  Kullenberg, for.
: '_é/wire, suggests Cg = /15 Cp while Kawakami and @ubctag for a ropo s taka Qg =i
1:{,061:}. . L

These are the availablo results axd it is probable that 1$r'value$'ﬁffé  .”?

near 90°, when W is the dominant component, they will be quite realistic, For.
lower values of © they will not be so useful since 1t ocan easily be shown (u@ﬁ

Appendix ) that for a small bub non=zopro Valus of & they gi?e 8 mlnmmum drag and':

zero LLft, Pig., 2, and this is
un?ealisﬁlcg ThAs is unfortunabe = . o LIFTy
sinoe, dn a trawl, much of the net
{omd also the warps) is at a smell

-

angle to the main directlon of flow.. _ Ty
Thus the applicabion of the avallsble ff';fﬁh
results would seem, 2 prxori bo b@ - - DRAG.
limited, . % el e
" Other dszaculﬁles are reaised . - VELOCITY. o
however, when one comes Lo consider . R
the twine built up imto a plece of ' ?iga 5,

nebbing. These may be expressed as
followss~ a single plece of twine
ean be baken as a one dimensional
ogbjest in a three-dimensional flow o - R
of waber snd the dlsturbasnce of this fl@W‘wili nat be greats on the d:har hanﬁ a '
net, in this sense, con bae congidered as two-dimensional snd will have a ‘mueh
greator offect on the flow, This means that the angle at whieh the waler BRI o
approaches a piece of twine in the net will not be the same as the angle. af the -

undisburbed flow, - Thus to apply the previous formulae to eash piecce of twine onﬁ'1:4
- would meed to kunow at what angle the fl&w approached it &md this 0bv1ously raisesf'{;

guite a few problems,

Turning to the Japancse wobk, this started with &xp@rimﬁﬁta by Tﬁradag

Sekine and Neszaki (1915), and by Tauti, Miure end Sugii (1925) on nebs having tha";f'

shape shown in Fig. 3. Abtompbs to provide a theore%i@al explanaﬁiom.af the _
values of the drag were made by Miyake :

(1927) who performed further experimenbs
of the same type, and by Teutl (1984a).
Laatly, exporiments and an ascompanying
interpretation wore made by Fujita (1953)
for a net fixed only ab th@ two sldes A
and At (Fig, 4).

Teorads ot alg sald that thelr
results showed that the resisbance of
the net wee propertional bto the nrea of - _ o
all the Jlegs and kunebs projected on & Fig. %
plane perpendicular to the direction of '
mobion (l.e., dragoisin &),  Miyake
uged this as the basis for a formuls in
terms of the angle betwesn meshes, length
.of meshes and angle of net to flow,

Taubi ot al (1925) said thebt thelr
rosulls showed proporblonallty with o
{rather than with sin ¢ as Terada ok 8l.
said). Taubl (1934a) tried to esbaﬁiiéh :
this theorebloally by sbarbing with the
aggwpbion that the foree on a plecs of
twine wog porpendicular to the twine and

| : j’k\' V"Em_ff I_T:‘f.. ;

proporbional to iis area projected e ' $§\\'VELQGITY» ARSI 3
_ 'perpendiaulam Lo the flow,. - In the torms o S S TR
©used in the indtisl d,:Ls-@:usamn‘,5 this 1s ' T Fig. 4o
o say That " : . S

N‘Smaggmg



. om th@s ba51s Touwsl showed thab th@ drag wes praportignal to sin® o and he -
- eongidered this to have proved hts poinb since sin® 15 & bettor apgraximation %G. o
gé/éo than sin f.

The most imporbant fesbure af this argunent ls that neither Miyake nor
Tauti use tho expresaions for the forees on a plsoe of twine glvenAby (1) and (3)
Thus nelther san claim to be baged oun the normally held theory. .

Thiz fast may be related to the sesond difficuiby that hasg been s%ated,.
which i3 that o net of the shape shown in Fig. 3 may considerahly altor the lines -
of flow, Thesge flow-lines might beke the form shown roughly in Fig; 5; Then tha- =
exprogsion for the drag of the whole L
net mlght be ?fJSOMP form similar

1
to Miyake or Taubils

These regulbs are oxprossed
ag twioe the drag on sach half,
Considor one hall by itself - the
flow lines might bo as shown in Flg.d
which gives quite a differeht plcturs
from that of FPig, 5. Thus the drag
for this case would nob be the same
ag for the halfl part in FMlg, 5, This
shows thse dependense of the drag on
the particular olroumstances in whieh

it is measurods R e— —— ' IR
The seme orlticisms apply to anmw—w~M””%%?gzzfifzﬁﬁxxxm:x;xmmgggg,_ E

Pujita¥s work, He uses the forms

Npein 8 B Fige 6.
Scicos? © ' '

and states hls resulis as a graph of

o drag retio ?/}Q against l/ﬁ {so0

Pigs 7} where » = v, whon 1 = a. To
get his experiments to fit his theory
he has to inbroduce function of &,
whish is supposed to acccunt for the
"Interference™ of nelghbouring cordse
This funcbion and the Lorm for N are
derdved In a previous paper, which is
not at present avalleble, bub there

is nob apporently sufficient explenaitlon
of this inberference to justify the use
of the souablonsg in other situatione =
for example when the meshes have thelr
usual dlagonal form, which they did

not have im Fujitals experiments, see
Plge 4e

These oriticisms may secem to be unduly severe bub regard must bo pald to
the difficulties whish beset this type of approach, difficulties which might be = o
sompared to those found in aerodynsmics where exbensive experimental work and much @
mathematical development were reguirad before adsquate theories could be evolved.
The value of this Japanese work ls %o ralse the questlons and illustrate the '
difficulties that can be expscted,

Thus the first problem ls whether long term regearch of this kind i8 wcrﬁh ﬁﬁ
underbaking, The Japanese experiments dealt only with the dreg but the foves at
right angles to the direcbion of flow (2) should also be measured. This fores is .
as dmportant as the drag since 1t has the effeoot of keeping the mﬁsh@ss axid thus;_
the ueb, open. .

?iga Ta

Messurements of these forces for varying speeds, shapes apd sizes of pieaesj;
of netbing would undoubtedly form a link betwaen a more fupdamentel approach and.
debual measurements on btrewls, . Sueh ewxperiments wauld reguire suiﬁabla waber

1) The results of their ex@erunanﬁs are nob partleularly ocoherent and iﬁ is |
difficult to declde whether elther formulation is satisfactory. ' :

2) This foroe is known technieally as the glet? althgugh it may nob be
noeessarily upwerds in ddmectionm .



'ahanmela, speslal equapmenﬁ an& aamsi&erable prep&?&tiena' Furﬁhﬁy %here ave the :
spe&ial(d%ffiaultiﬁs inhegert in this kind of work whi@h iw 84113, o some exﬁemtg S

The Trmwi Boarﬁsg

Apert from the net ibself, the brawl board is e blRer matn feaﬁura @f B
. the trawl to which thecrehiesal khawiedga migh% be appiie& anﬁ abouﬁ whioh informatiw
'wnﬁia be dseful.

Phe board ean.b@ égnaléafed T §eeﬁangulay Plet plate and %he pra@ESS of _§T 

_idealmsa%imn doldd be derried furthel by vaklig the rectenghiley plate to bs a -
geobdon of an infinibe s%?ip dind 8o dgdoring édgo effestss The few expedimental
rositlbs dvallable are given in Plg. 8  abtenpts Lo £t these resulbs from - -
theovetical considerations {such as Raleights formula) havo tob beon huscessfuly
The only feabure of the results whioh agre®s with these theories is that, ﬁxaapt
ab small angles, the forse on the plate iz ab right angles to the plabs,. ' o

' It will be seen that the reglon of meximum 1ift, 3C° o 40%, is about %haﬁ g
ak whimh trawl boards are often hellsved to oporatbe. _

The vaeriations of the two surves In the reglon OwEO” is prebably dua ta
delay in separation of the wake from the lnfinite strip whieh is m&ﬁkﬁﬁ in,the
obher ourve by the edge~effeots.

. This delay in separsbion is accenbuabed by the use of an aermfoml ﬁrofxle R
end is illusbreted in Pigs. 9 and 10, : : : S
Befors separatman.there is a high
11t /dreg vabio which is sharply
degsreased by the burbulent wake

at lerger angles of atiaock, 8= 8 Mwm%ﬁﬁﬁaggw ' .;_ ;;,,
Thus suggestions for the “*MMNMMNMM““Mw%Mh Narrow Wake.,

Wm@

uge of Yoerofoll? boards depend
wpon the board moving abt an angls
€1 with the advenbtage of a small
drags The difficulty ls thet this
sffest is wery dependant on the
exast angle & - too small an angle
and the lify falls off, too large,
{e¢g: 92), and the advantage is’
lost, Bub changes of spaed, of
wary dlength, of bobbom condivions
will tend to change the aigle of
attask and thus lose any advanbtage
« over the flat board working at
moximen 134 where the large drag is
ascepbed as o nocessary concomibant,

g = 93

One Japanese paper [Kobayashl
and Takshashi, 1951) deals with the
relations bebwoen the 1ift and drag of
& board and the loads in the warp and
sweep, However they use am.in&&equ&%a
thoorebioal Pormula and give no
experimental evidence, This type of
approach might be helpful in inter-
prebing the moasuremenbs of spread,
load end speed which san be taken with
somparative sase on board ship.

Modeiling

One approach to the sbudy of the trawl lles in the use of medelse In the
sonstruction of the model and the imberpretation of the resulbs, the need is to
know the relabtions holding bebween model and full seale, To demonstrate the S
problems raised the simple case will be oonsidered of o wire with a load at its
end being dragged through bhe waﬁewa ﬁ@n&i&er ane of the agmaﬁ&&mg g@va?mlng thasb,i
shape of this wire at P. : s

Figa 10

Toow N % 'Wﬁoma @

Where T = bension 3"
N = drag per unld length mﬂrmal to the wira

welght

"
¢ radius of ourvelure,

]

1} Boe the section on modelling.



S Conﬁlaer a mo&el af this where
_ﬁhe length and’ dismeter d are roduced

by a fackor pe Then, Af the seme

material ls used, the welght per upit
length, W, will ve reduced by p w '
This governs the reduction which is
neeessary in the other terms to keep -
the valus of @ the same.. Kow the

foree N as of the form

N = <§ p\ ve d, Cp sln e

Agsume that Op. is oonsbamﬁ, then Pfor
K to be reduced by pc, V %gsﬁ be

Ry
reduﬁed by P, l&aﬂg V by PB& Further
T must be redused by pS. This affechs
the *boundary conditions! which in
this eoase is the load T, abt the end of
the wive. T, must be reduced by p° in
guch a way %hat 8, 1s unchanged. This
means bhat the weight-and drag of the
load must both be reduced by pd. Fige 11,

If this is done then one weuld expeect to find that, for the model, the .
angle @E is the same as for the full soale and the losd Ty is pS of the full load.

This bype of modelling is called "inertial modselling" since it is governed

by the effect of reducing the weight of the wire. It has depended on the &asump%inn .fi

underiined, l.e, on Cp beimg sonsbtant ¢ v%cw sarlier it was sbtated that Cp 1s
sonstant when the Reynoldls nuwbeyr R =
redueed by a fasbor p, v musht be in@r@asad by p if the Rsynoldls ﬂumber is to
ramain sonsbant, This is known as iﬁa%galﬁgs modelling?,

Thus v decreased by'pgﬁfur inertial modelling
v increased by pt for Reynold's modelling

is Gonitanﬁ' This means that when d ié':.ﬂt_;

Gbviously the two effects cannot be ascounted for at the same tims. The daa§Sibn  :"i?

to ude a cerbaln scals for a parbicular sase is largely dependent on = c&mbln&tion ﬂ 
of experiense and expediency. )

"Inertial modelling” is the basis of the paper by Taubi (19%4b) on %his
subjsot and the effects of changes in Reynoldl's number are ignorsd, Iverbial
modelling is neocessary for a mo&el trawl since the shape is sontbrolled to o largs
exbent by the relative weight of the warious parbs (floabs, sinkﬁrag'@tag}g'buﬁ-...
the shanges in the drag coeffisienbs will tend to inbroduce Ffacbors whish will .
mean that comparison of resulbs bebwesn model and full ssale will nﬁt be in aﬁrzeﬁ -
proporbion.

Teo illustrate this, consider the wirs in the previous exemple,.

The wvalue of Cp as & function of R is shown ln Pigs 12, Now if the v&lue$l f-2

of R for model and full scale lie between 107 and 10° then insrbial modelling will o
be satlsfagbory, bubt it will break down if either value of R lies oubside this ;_---3
LPEnge,

This result might be applied Lo the net i one supposes thab drag .
soelffisilont of the net varies in the same way a$ the ccefflclent of sach twing. =
For such bwine moving dﬁ thres kmots, R = B, 109 and Cp = 0.9, Wsing ¥ o “soale
gives approxmmateiy*lﬂ for R and Op = le4s This is already a 50% inertise and R
80 % soele would appear to be a limit for o satisfactory model. There will alse 7
be aaé?e effects of this kind on floabs, boards, and on the botbom friction amd far
thease the variations with R are not kunowne Lo :

Haperiments with model nets have been made by Japonese workers. In
partioulay a fairly extensive serles of experiments were made by Nomura and Yasul
(1953) studying various typss of net and using the rules of modelling saggasﬁe& by
Taubi.

Ccnsmderang one neb, they uged o mmﬁal of an Yordinary otber %raw&*
apyaygntiy riggad as for roundmfishing, The scale was 1/30 and only the sealeﬁwup
ragulbe are given, At a spoed of thres knots the drag of the net was about 2 tons’
and this velue seems reasonsble, However, this net left the bobbtom at the scale |
squivalent of less then 2 lmots and at 3 to 4 knobts ibs gope wag bebwsen 8+-5 £,



Et does nat gom grobabla that arty acmmeréi&l traw& would have such pnor ;

. '_charactar1sti¢$ and it is possible that bhe difference bebwsen the behavicur of R

~ tho model and that expected of o full sdale net cculd be due to the. very‘larg@ PR
ahange in goales ‘ S

THus iﬁ BPROLTS %h&t exper&menﬁs wiﬁh small seale models tay moh be of BN
use in giving quantitative vesults, This would nean that weter channels would n&t
be used end larger socale models would have tu be towsd in the open sea with
observations by frogmen or such obther means as may be availeble.  Small scale
models may however still provide useful qualitaﬁive results. Thus the Japanese
experiments show that, due to the deorease in hesdline height, the increase of
roglsbance with speed occurs in @ rablo lsss than the squars of the velocity
whioch is the expected ratlo for rigld strustures. :

There are two questions whloh might receive partianl answers from-
experiments in wabter channels, These are goncerned with the stream lines round .
and through a net, At present there is no knowledge of such 1ines and wmodels .
woudd provide pletures which could nobt be abtained in any other way. Thus one

would want to lmow what changes osour when the net goes from mid-webter on to the

bobboms Such results would be relevant bo experiments on particular pleces of
nebbing disoussed earlisr, They could also be of interest to Siscussions of the .

behaviour of fish in front of the net. Further ons could perhaps discover wheth@r'3 _f?
ghanges in dreg off and on the bobttom could be due not only te the direct friebien =
. of tha bobbom bub also Lo the effect of the bobbom in chenging the lines of flpwn-yﬂ;:

Appendix. R
A rope dragged through waber will be sbraipht since the forces aoting on’

it are overywhere the same. For a rope which has no weight in waber its smgle to
the flow should be zero. The eguations for the 11ft and &rag on su%h B raya 1re~“9: RS

D=Negind & + T sos® &
L =N sin® @ oog @ » T 0052 8 sin &

LD =3 sin ®oos ® (¥aln® T cos @)
&8 . o
=0 for ben 8, = 3

%Eg 50 for & = 8,
L = o for o = 8
' Thus ascordling to the eauatlons the cabls would have a gbable posmtian at atll
speeds at & = @,but this is physically impossible, :
For the value Og = 1/10 Oy (see page 2)

= a0
8, = 6

The renge in which the eq&aﬁm&ns are inadmissable mlghﬁ be aeverai t&m§357'”
this value of ©ge
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Lift and Drag Coefficients for flet platbes.

- = o= - Pape and Johensen (1928):

e Gawn (1943): rectangular plate with brsadth equal e
half the length.
for an infinite strip.
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?ig‘ 12. Change of drap coefflecient with Reynold's number.
(see Goldstein (1338} p. 15.)
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