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Abstrﬁt ;
L2
* In‘the following thesis.g procedure is d::?ed to determihe the engineering
: pe(lommn« of an inshore trawling s;num from’an lul.lyl'u of the forces acting on

the towing warps’ nnd bridle system. Equilibrium force balance equations are

derived for eull wnrp and solved using' 8 Iollrth—older Runge kutu ﬁurge(nc\ll

‘analysis. method. Tlle p?ockdura is then lpplled to an inshore trawl and the

results are used in thn comymson ol‘)mel power and gear dru S

Miiion towing tank drag measurements ‘were made on small

polyethylene nets. 'l{e effect of- the development of turbulent flow around the

neét on the drag of the net is i igktsd.  Emipiri | drag coeffici are also
derived for polyethylene netting from these measurements. The coefficients are

then used in empirical trawl net dn& calculations using methods developed by

3

Dickson, Kowalski and Fridman. - In addition the relationship between the ”

orientation of 8 mesh and the drag of the net is investigated. It is oi_iown how
mesh orientation can explain the reduced drag of a square mesh et as compared

to'a diamond mesh net.
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Chapter 1

INTRODUCTION
’

11, Background

A typlcal otm traw] used for mhmg on’ t\ye sea he‘}iﬂhow'n in Figure l—l .

The majonzy of ﬁsh harvested on & world wide basis are caught in vnnmxs sizes of - *

3 hshmg gear ol’ this' type: Both large snd small vessels are used to tow
appropriately sized gear. In North Agxxexfcn large vessels, usually vowned by large

fishing companies, travel to deep watets and fish for extended periods of time.
e ]

Smallex, privatély owned vessels are;imr\olv.e; in inshore activities.

Observitions by divers using underwater cameras have shown that m a

typlcnl trawling process the fish swim aheud of the gear for a short perlod of time -

before eventually Inlhng back mw the bag type net. Fish are lhrefore gathered in
the et rather than bemg entungled as in the case of passnve type fishing: The
. gear must be towed st a speed ge;tef‘tha;n the swimming speed of the fish species
sought. This translates ingo a ¢owing speed of 2.5 t0 5.0 knots. Overpowering the
vessel must however be avolded sitce it results in extra capital expenditure and

H v o
reduces the overall efficiency of the fishing operation {10].
@

Procedures for determining the drag of the gear, and its implications on
vessel power are considered in this thesis. In particular the drag of & trawling

system used by the Western Newfoundldnd inshore trawling fleet is investisn&ed.
N® . l

. ~

N




1.2, Bottom trawl description

Thé trawl net shown in figure 1-1 has two wings at the front which guide
fish idto the nét.' The middle section is divided into two upper panels called the
quere ani Soiting while-the o bollérn Pfuels are known as the belly and lower
Euih'[x_g, ‘These panels are laced togeﬁ:er along their transverse edges and form a
passage for fish to the rear of the trawl net, or ‘cadz‘nd,"where they are (inally

trapped.

" A headline rbp; is,attached to the front of the netting nlong‘ the square and -
the two upper un'ngav. Special (Ioats tied" along the headline keep the trawl mouth .
open in theverticsl plane during towing; The bohom [rom edge of. the netting is
joined to a rope called a /uhmg line. It is M.Cached to the bellg and the two
lower wmg' In order to protect the netung/of the trawl from rubbmvgnmst
the sea hottom the ﬁ!&mg line i Is joined onto a graundropz made from steel wire.
Cylindrical or spherical rollers strung along the groundrope protect the trawl net
by ;olling over obstacles encountered along the; bottom. A full set or gear
component definitiops is provided in Bridger (3.

o

Otter boards are xnached on elther r-side of the trawl mouth forty or more’

me!ers nhnd of the wing ups The steel wires cqnnectmg the boards'to the wings

are gplled bridles. These otier boards are rigged so that when the ge: rots being
towed they spread open the mouth of the net. A'variety of otter bo;vd designs

are used i groundfish fisheries around the world including _ﬂn/, oval and

v-shaﬁe 18 : 2=




i-A typical Bottom Trawl
(Courtesy of Bridger (3))

Mw‘n 1-1
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The/*entire net mq otter board combination is towed with steel towing

s w;:rpn whi’ch are wnpped' onto winches on the vessel. The lenwrps is

chosen to suit the depu: of the water and the required spread of the otter boards.
e thumb is to use 8 warp lengfh equal to three times the watek depth.

1.3. Trawl gear drag - A literature review

— * Adragorce acts ot a trawl gear when it is towed along the sea bed. This

drag results from the hydrodynamic mturutnn betwnu the gear :nd the water

and slso from the contact between the gear and the sea bed. The total drag of

the gear can be cnlcuhud .88 the sum of the drag of the individual components

* because the major are iently to limit interactions [2].

Measurements at sea have shown that the trawl net drag is the largest
comgm:ent of the &oul gear drag. In the case of a bottom trawl it can be as high
as 70% [21]. Because of the flexibility of the net structure it is also the least’
understood sad difficult to predict. A major portion of this thesis desls with the

; determination of trawl net drag, l;oth from a lheoulic’nl and experimml;l point

S vie‘vl.

Theor;tinlly, it should be possible to derive a lysum of geometric and force
equluuns ‘which could be solved mmnluneously to-obtain the drag forces acting
on a trswl net The development of these equations has however been delayed
because of\ !ho large bumber of unknowns involved [21). . According to the

lit.eniure, trawl net. drag calculations are made using standard type drl(

with an irical drag The use of these equations is




=

-~

* twine wound around another.

5
N

illustrated in section 4.3. A review of literature pertaining to empirical net drag

coelficients is given in the following section. "
e

1.3.1. Geometry of & mesh

A sm}tﬂl‘d Tesh as shown in ﬁg‘m—e 1-2 is formed by four bars of twine of
equsl lennlh knotted at four corners.. A b'nic mesh element consists of two twine
bars and s knot bessuse each mesh in a et is completed by adding two bars of

twine and a kriot.

Figure 1-2: A standard pet mesh.

A twine bar has a nominal diameter, d, and a length, a, which is the center
to center distance between two knots. A knot is uilernniully represented as a
e knot dismeter, d,, is therefore approximately

three times the dismeter of the twine I\2]A .

‘The exact shape of a mesh can be described by its hanging coelficients, u;—

and u,, [11]. These hanging coefficieats are determined from figure 1-2 as follows:



A

) =sing = zja N (r.1J .

Uy = cosé = y/a. (1.2)

‘The relative mesh area, or solidity, of a mesh is defined as the ratio of the

. >
area covered by the tWine making up a mesh element to the total area enclosed
by the mesh. Re!er}ing to figure 1-2, it can be geeri that the area enclosed by the

using the foll ing equati

|

3 2"!“2'{ 3 ~ (13)

mesh can be

A

mesh, ;

. ; |
The twine area of 8 mesh element is sometimes estimated as the area of two twine

7 .
A * bars, i.e. (2da). In this case the solidity is given by the following equation:
A . . ;
" . .
¢ .S == a0/u). (14)
a 1
mesh

5

The areaof a mesh element including the knot area is as follows [18]:

A

wine = o+ xdl/4. (1.5)

and the solidity including the knot area is therefore defined as follows:

U odatrd 24 ; .
ol Hetrd st A g

(-\/' " 2ulu2a2
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1.3.2. Empiriesl net drag coefficients

Drag measurements on small pieces of nets gnea.suring less than one-half a

square meter have been used todevelop empirical formulae for the caleulation of

- the drag nets. A representative sample of these formulae is given in the following

'
section.

‘The majority of net drag measurements have been made with the net held &

perpendicular to the flow. Baranov (2], for example, reported that the drag of a. i

net Vbeld perpendicular to the flow was approximated by the following expression |

et
= 75Ld VTS| L7y

Rog
where: - - { )
.1 = total length of twine from which the net-is
made (not including knots)
V = welocity. ' .

He later derived the following equation from (he same data:

T Ry = 180(d/a) FV2O ) (1.8
Wwhere:
F = the overall area of the net. . : ‘K

For the case of perpendicular flow Tauti [26] proposed the following formula:

Rgy =. 191(d/a) FV2 E : LT EL9)
An equation derived by Revin (23] for the drag of a net held perpendicular to the

. flow has the following form: ¥




-

'

Ry = 108(d/a)(1/uyu) FVZ. 5 (110)

Fridman [11] performed wind tunnel tests on a net panel with & d/a rftio of 0.05

and summarized the rqgllts with the following formula: &
RN\= 200(d/a)F v 2. (L11)

Further expel ts by Fridman indicated that the drag of a net held ~

T o
perpendicular to the flow was best calculated using the following formula:

Ry = 12C, FVZ%. & (L12)
Where: -
C, = J(re'.F)
and 4 . 2
F = totsl areaof the net 9
F, = actual twine area of the net sample
RS = Reynolds number (calculated using the
dismeter of the twine as the
istic linear net di ).

There are fewer measurements reported on the drag of ncts which are held
such that the plane of the petting'is not perpendicular to the flow. For nets-held

parallel to the flow Tauti [26] gives the following expression:

/

Ry = 18FV? (113)

F B
Revin [23] ‘reports the following elsborate formula for the drag of a net held

parallel to the flow:




wo ® T
[4 «
9
’
Ry = 147%M(1 + 5d/a)
(09+ 004y} u, +055 IFHU/y Fyie (1.14)

‘where:

I = Length of the pet.

For a very elongated net held parallel to the flow the following equation is found
in Baranov [2]: )
R, = 079 Fv'72 ( . (1.15)

{  For the case where the nrt is held at some angle between the perpendicular and

gparallel case Tauti [28] fgcommends the following formula:

’

: Ry = Ry+ (Ry + Ry)e/80 ) (1.16)
N while Revin (23] proposes the following equl’lion
RiA Ry +(Ry— Rjsina. N (1.17)

Measurements made by Stengel and Fischer [25] indicate that the drag of
nets cannot be caleulated using a constant drag coelficient ss implied by equations
(17) to (115). Stengels snalysis also showed that the drag of a net was

dependent upon the twine type snd its surface structure and that the mesh

opening anglé has’ effect on the ;iug of nets.

s P

oA

It was luded that absolute relationships between the drag of a

net and the velocity of flow around and through .lhe net have not been

established. 'Also, exhaustive data on ll;e'-dug of nets is clel‘rly not availsble and




_\ j (I ‘ .)-’

] . — o
very few recent messurements are reported. In puticuln.)'mlorml.ion on the

drag of a wide variety of twine types, including polyethylene twine, is not
5. Lgyoned Measurements were made on polydhyﬁne twine and l‘he results are

reported ‘in this-thesis. . -~
\ \ o i ’ -
" 1. 4 Scope of work o - 2=

The mejority of work mcluded in tlln thesis is npphcnhle " all towed

l” (..\ ~fishing tnwls sHowever, the study - is I'ocused on an inshore trawling rleet

dland . ’

off Watern

The intent of the present work is to investifate tze compatibility of the

d ﬁshcryv

R Vessel and gear binations used in the N The trawling

V\Q\Sysum most commonly used in this fishery is a bottom otter trawl mn.nn!mnre"

by Ier Christensen(I.C.). The construction details of ?; trawl Tet wd WQ :

this gear are shown in chapter 4.0. - -

z : A
Calculations of the compatibility of vessel power and ggar drag have not

beén reported for vessels operating off Walern Newloundl-nd Mlhouih very

few mensnnmeln haVe been made on lhe LC. trawl gear as used in this area,

D
engingering peyfomwce ‘measurements made by K\npley and Hearn [14] are

; =
; \ " suitable for these calculations. The drag of the 1.C.ogear is de)wed from lhe’
{3 " measurements in chapter 20. A particulsr method of trawl gear analysis based

= on steady-state towing cable theory is developed in chapter 2.0 for this pu'rpoge.
A,llhlmgh this theory seems to"have been seldomn used in this typp of work very
o 1

good results are obtained.




11 - b -

It has been verified t:rough experiments at se.; that the drag of a trawl net
is lhf: Is‘rg:)st single v::othptmel;t of the total gear drag: However, very little
progress has been’mnd‘e in —the develupment‘o! accurate methods of calcul{t}ng
this drag. In fact,.no litemure.c;mld be folind that deals with the calculatiu‘n of

the drag of trnwl nets made from ‘polyethylene nets. In this thms, emplncul drag

. coefficients are denved for polyeth ,‘ nets from made on full

p . »
scale pieces of polyethyle\)e netting in a towing tank. A considerable part.of the

present work is based on the analysis of these Dew cxge?irdentnl mesgureménts.

: ) ‘The tise of these coéfficients in calculating trawl tiet drag is illustrated'in section

. 4.3. " Experi | proced: are contained 'in_: chapter 3.0 along with ‘jhe net

drag 2 Drag o are given in chapter 4.0. -

" . .
In lddi'.ion, the unique. between the orientation of the mesh in a

net'to the flow and the drag of the net i ls exammed in chapter 5. 0. An anslysis of
_meuur!menu made on'a square mesh net whlch Is nn example of a specml mesh

orientation, is also mcluded in cbapzer 54 0

’ ‘ Finally, in chapter 6.0, the wdrsg of the 1.C. trawl gear is compared to the ‘ e
towing power ol‘ two O.yplcal inshore * lrnwhng vessels’ used off Western
Newfoundland. The results have 1mpnrtnnc practical implications which ne.

discussed in chapter 7.0 wgelhel: with other ecnclllsions and s summary.

=13 . e - . i 5
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Chapter 2

et TRAWL GEAR P}RFORMANCE A‘NALYSI‘S. N

Perl'orm:mce men.surements have been mnda on the 350 mesh L C trawlin.

areas. typlenlly trawled- ol'f the west coasl u! Newfoundlnnd [14] Measurements »

.

tnken include the tension in the main warps bndle and graund wire! The spread _ '

ol' the wing ends and the’ headlme hclghl were nlso *mieasured. Thesc
measurcments are shqwn in {lgures 2-3 to 2-5. The tensmn mcnsurcmenta were
mnde al points one, four and five as shown on ngurcs 21 und 2-2. Alsa shown

_are the locations of the wing spread and headhne he:g’ht measuremcms The

messurements: appear to be insensitive to speed in nddmon to there bcmg some

scatter, neither of whlch was explamed by K\ngsley and Hcarn (14]. .

v
‘The drag of the total gear and that of the trawl net were derived from the

meqsurements_show’n in figu‘l’es 23, 2-4 and 25, The ‘spread of the doors and the

warp angles at the towing block were not-includgd in l;hesg measurements. A

“method of .analysis was therefore deVpred which did not require a kuowl‘ed'gg of

thesé variables:. Theoretical equati s describing the steady-stat i of *

' .+ a towing cable were utilised in the analysis [7]. Resenréhe;s hnvo made very Iime

‘use. of . this theory for trawl gear anTslysu pnrposes Steudy-sme towmg -cahle

" theory is, howevcr, very apphcnble to trawl gear nnnlysns
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2.1. Sbeady-mte theory of a towing cable
N

An spprox)mnte method of analyzing a warp as towed behind a fishing

vessel-is to neglect the small angle of divergence between the plane containing the

warp and the diréction of. motion (18] {11]. The angle of divergence, w, is shown ,

in figure 2-1. Another method is to use steady-state towing cable theory [20].
‘jAccording to this theory an element of cable is subjected to external
hydmdynamicvand gravity forces which must be in equilibrium with its internal
tension [7]. These forcu include the weight of the cable, pressure drag and
fricti(;n drag [7]. The tangential components of the external forces act to increase
the tension w?lle the normal components cauge lbe cable to bend, changing the

lige of action but not the magnitude of the tension [7). \

The nngentml component of the velocity is assumed to have negligible
effect on’ the peessure distribution around the section of cable, and lherelore the
pressure drag is a mun, of the normal velocity component only [7]. -Also, the

friction drag is assumed to be unaffected by the pressure distribution and acts in

the direction of flow regardless of the cable configuration [7].

s g . . . :
An element of cable is shown in figure 2-8. The internal tension, T, is in

equilibrium with the weight of the element, W, the pressure drag, F @ and the

. friction drag, f, i The el‘ement forms a div‘ergenqe angle of w with the xz plane

>and a declination shgle of # with the xy plane. ~ The tension chl;ngel by an
amount dT over the length of the element.while the angles w and ﬂ-bhuﬁge by an
amount dw and df. The angle ¢ is the geumetric combination of w and B, ie. )

€OoS ¢ == COSwCoS f. ~ i (2.n

”
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2.]...1. Numericsl ;nllynll of a steady-state towing cable

. 8

A summation of the internal tension, T, and external forces along the x, y

-
and 2z axes yields the following general equilibrium equations: \

d
. d—i(Tc.:os feosw) = E Qz (2.2)
. dil(l‘cosisinu) = ZFy o3 + (2.3)
d
ﬁ(rsin p = ‘Z Fz g ) (2.4}

i N -

z
= T+dT .
LoBtdp -t
- }l_ wtdw
¥ |
w g \
| .
szimy F' | @——————FLow DIReCTION
I
. ¢ w |
[ . iy B =l
[ _
. )~ w.
T X

Figure 2-8: An element of towing cable.

Givgn’ﬁ initial tension, T, and the angles, 4 and w, at one end of a cable

\ .
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element, the value of these variables at the other end is obtained by solving

- equations (2.2), (2.3) and (2.4) numerically. The first step in the solution

procedure is to expand the Rerivatives on' the left hand side of equations (2.2),
: '

(2.3) and {2.4) ss follows:

dp dT
—Tsin fecos w — — Tqps ﬁsmu-—+casﬂcasu—d,— ZF::

dl dl
o~ —Tsm}smu—+Tcosﬂcosud—,-kcosﬁsmuﬁ = ZFy
» 4
Tcosad’-y-smy 'ZF:

(2:5)

(28)

(27)

Equations (2.5), (2.8) and (2.7) are then rewriu,en in the following matrix form:

a b ¢ . T » ZF:
do| . 3
ay by i) I i = ZF v
) dT ‘
iy by al Y F:
where: * =
.-

a = —7;sin feosw, a,= ~Tsin fsin v, a3 = Teos p .

b —Tcos ﬁ!\in_u, bz = Teos fcos w, bs =006

¢, = cos-fcos w, C, = cos psinw, ¢y =sinp

- (28)

Applicacion of Crm‘ner's rule leads to the lolloiving system of Wrst-order

»
dllferentnal equations:
d,g Ml g, M dT 1My
Swroca T =

where the matrix M is obtuned by rephcmg the i colﬂmn in m;;ﬂx M with the

column matrix ): Fas followa
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P by oy

The determinrn! of the s matriba is given by the following equation:

'
= [aybyey + agbyey + agbyc,] — [8;b5¢, + agbycq + agbyey] (2.9)

2.1.2. Application of ltg_ldymtlh towing cable theory to the trawling

‘warps
The stendy-staté analysis procedure as described above 'was developed into a

computer program-and used to determine the incremental change in tension along
P! BT f 1 - 14

. the L.C. trawl warp down to lhe’éﬂ‘er boards. From these calculations the spread

of the otter boards and the tension in the main v.;nrp just in front of the otter

board were derived.

An elemen?t}[ warp is shown in ﬁkﬂre 27. The co-ofdinate axes are placed
around the element so that the angles w and g correspond to those show in figure

2-8. Also, the otigin is placed at the point where the tension is known.

Maclennan [20], gives the. !oreu " und Fl in terms of the dimensionless

*drag coefficients c, and cpes follows

A
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T+dT

Figure 2-7: Ax element of warp.

F, = §1Vsin 92Dc, = (2.10)
F, = 2v2,.De (211)
;] T2 ¢ & g

where:
D’ = cable djameter

B cos$ =  cosweosf.

Since the-boat moves in the negative x-direction, the flow relative to the warp is
in the positive x-:linction. The pres’sure and friction drag forces therefore act in
the. positive x-direction, The following equations give the sum of external forces

acting in the x, y and i&nrecﬁon&#&pectively:

d ; L g o
E(’Tcosﬁcosu)- = —gvzp(.c,w,_m?};) N UR
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d 2 P2 5 s
ﬁ(fmnmw) = ;V D cycos psinw cos ¢ sin ¢ (2.13)
4 i 2V2De,sin psi w T (24
i dl( 8 = 5 czsin fsin gcos ¢ — (2.14)
- )
The program ped to solve equations (2.12), (2.13) and (2.14)

is shown in appendix A. A fourth-order Runge Kutta method was used to solve
the set of first-order differential equnioys derived in the analysis. St:rting with
the known tension-at the vessel, as given in figure 2-3, the program estimates the
chmge‘ in theltensinn at small i;lcremen'.s down the warp to the otter boards. For

the purposes of these caleuhii&ns the total gear tension‘is assumed to be divided

e:iually between the two warps. In addition, the total displacement of the cable
from the -s?nrting point is cnic}ud\bynddin; up the projected lengths of each
cable element in the.x, yand z v_:liucti‘onx. The initial angles w and 5 used in the
analysis were estimated fromjmeasurements made on trawl geats similar in size to

the 350 .C. gear [4].

Other inputs to the program include the coefficients of drag and friction, c,
and.c, which are given values of L1 and 0.007 respectively [20]. The velocity, V,
and the weight of the cable per unit length, W, are also required inputs.

’ N\
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na Application of steady-state towing cable theory to the bridle

24 « a N
system B e

An element of bridle warp and ground wire is shown in figures 2-8 and 2-9

respectively.

TeqT =

w
T — »x
s S =
Fl,ilre 2-9:  An element of ground wire. * '
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The following equilibrium equations were derived for each elément in the x, y and .

2 directions respectively:
= . bridle equilibrium ‘equations o » %
d - < ; °
- g Teospeosu) = ZVID (aey+ cynid’) - e (ﬂ{s)
) . e s . i ' .
. ' E(Tcosninw) = —%V’Dcdcoaﬂsin;u_:ou ¢sing “(218) .
_“ : . ,
[ S Frs . L ‘ : ;
E(Tkmp) = —-;V De;sinpsin ¢ cosp ~ W L (217)
. § ) o wr
* .ground wire equilibrium equations *.
o L 2y2 . 3 . @
ﬁ(’l‘Acowco.,.) = EV D (xcj+ cysin o). . (2.18)
. . .
. q i . L .
i (Teos psin w) = ;,—E!"I‘Jc“uiaﬂainueosolino © 0 (219)
) ' 4 Ting) = ~£V2De,sin psin 4 w 3
: , ) ) d_l.( Sing) = - c4sin Asin ¢ 203 ¢ + . (2.20)
___})' Ly The above. equations were used to derive the variation iy the tension in the
bridie and ground wire beginnigg at the mouth of the trawl net. The inital
tension.in these Warps at the trawl net is given in figure 2-4 and the angles. 4 and
: w were estimated ss before. - A =
- \
: = ,
)
7
i
+ =N .
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2.1.4. Ruult.s of equlllbrlnm trawl analysls

g Tﬂe results of the equilibrium nnalysu are shown in t-blls 2-1102-9. These.
tables ontJme the conﬁgunuon of the trawl gear by deﬁmng the Ioemon of Imth
ends of each cable wnth mpect to the pomts shown on’ hguru 21 and 2-2.-

Theorehcnlly, zhe spreading force, of.an ouer board can be calculated using the ..

t‘olluwmg eqmmon . ~
e F= -vac, . S ©o(2ay)
where: . - {
' . Yo : £
A =.  thearea of the otter boards
“ E ‘ « B
[ = thecoefficient of lift of the bddrds g
P . #
5 - -\
& ’ - LN .
8 > . £ A
1 : -
&
Q 4 !
L 2 v

Flgure 'a“-lO- ~ The forces mctin’g on an otter bou.rd

te ‘TI\e cosfficient of. lft S nurly ¢onstant for a. yerly rigged door at bom‘d sngles

ol’ attack typlcsl lor ttawhng (8]. The npmdmg fprce of the boards, ds illustrated

in figure 2-10, is ;lven as follows: .




'drig using the !ollovying equations and the data given in tables 2-1 to 2-9:

S 27

= T1y+ T?y+ Tey . (2.22)

T ;y = T co8 fyosw,
i Ty = Tyeos fyoswy . %

Ty = Tacosﬁ“:oswa . R B

The i nal cable conﬁgurshon dnta shown in tablu 2-1 t0:2-9 were amved at by

'varym; !he mnnl'esnmute;_ol 5 and w until the sp_rgadmz Iorc& requu'ed from the

boards, .as given by eq‘uation (2.22), matched that obu&naple‘from th; boards.
The fofce obtainable from the boards was calculated using etiuatiun (2.21) with 'a

coefficient of lift of 0.8 (g]. " g " : a

2.2, Total gear n’nd net drag
The t.ohl drag « of the gear is defined as the x-componenl. of.the tension in

the main warps at, the vessel, sez Tigure 2~1 A.lso, the drag of the trawl net &

X equal to the sum of the tensions in the bridle and ground wire at the motth oL{he

net, see figure 2-2. Calculations were therefore made of the total gear and net

<

' . Tolalgeardrag = 2 lesﬁ cosw, © (223

. Traul net drag = 2T cos ﬁ,cos wy+ 2T gcos freosug . ; (2.24)

The subscripts in equations (2.23) to (2.24) referto points shown on ligures. 2-1
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and 2-2, Figure 2-11 shows the results of the calpulationn. ‘The total g,n drag is
- used in the comparison of vessel power and genr'drag in cha‘pter 8.0 and the net

dragis, d to empirical net ‘drag ions in chapter 40. Additional net

drag analysis is given in the following chlpters.\
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Table 2-1: Warp configuration speed 3.0 knots

. Length (m) Tension (N) s w® X (m) Z(m) Y (m)
. 3 pt.1 0.0 0584.37 18.00 3.00 0.00, 0.00 0.00
329 9530.57 17.53 3.08 312 1003 1.66
85.9 9477.73 17.03 3.12 82.75 1083 335
8.9 0426.05 16.52 3.18 94.30 2035 5.00
1319 9375.60 15.98 3.25 12504 3858 6.87
164.9 9326.42 15.42 3.31 157.65 4751 8.68
pt. 2 2310 9232.03 1422 3.42 22144 6441 12.43
Table 221 Wirp configuration speed 3.4 knots
Length (m) fl‘e\nuion (N) 8 w® X (m) Z(m)  Y(m)
pt.1 0.0 11595.40 17.45 3.50 . 0.00 0.00 0.00
29 11530.45 17.13 3.57 . 314 9077 1.94
85.9 11484.06 16.79 Sﬁ 63.02 19.39 3.93
08.9 - 11429050 16.44 3. 94.66 2383 5.97
-131.9 11375.73 16.07 3.79 12635 38.08 8.05
164.9 1132286 15.88 | 3.87 158.11 47.08 10.17
pt. 2 231.0 1121974 1486 4.02 2213 8449 14.57
Table 2-3: Warp configuration speed 3.8 knots
¥ Length (m) Tension (N) B w® X (m) Z(m) Y (m)
<8 pt.1 0.0 12036.80 17.12 4.00 0.00 0.00 0.00
N . 32.9 1197797 16.88 4.09 3138 0.62 2.23
85.9 1191051 16.83 4.19 62.00 10.13 4.53
~:/ 8.9 11861.66 18.37 4.29 94.48 28.49 8.88
18L.9 11804.43 16.09 4.39 12604 71 9.29
ca -164.9 1174784 15.80 4.48 157.60 4677 11.76
d * 11636.62 15.17 4.68 22118 64.42 16.88

pt. 2 231.0
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. Table 2-4 Bridle configuration speed 3.0 knots

Length (m) Tession (N) IS o X(m o Zlm V()
= pt.4 0.0 4067.00 5.20 700 0.00 0.00 0.00
) =T 4067.92 ian 7.86 7.60 0.68 105
15.5 4069.14 421 7.82 15.30 127 2.12
23.3 4070.65 372 778 23.01 181 317
B . 311 4072.43 322 774 3073 228 o422 -
= - 38.9 4074.50 274 7.70 .. 38.45 268 5.27 =
# . 48.7 © 407684 225 7.68 46.17 - 302 8.31 N
= pt.3.54.5. 407064 177  7.62 53.90 330 7.42
- " - Table 25 Bridle configuration speed 3.4 knots
. . Length (m) Tension (N) 8 w® X (m) Z (m) Y (m)
pt.4 0.0 4750.00 490 9.40 0.00 0.00 0.00
7.7 475149 447 9.33 -7.57 0.63 1.25
15.5 4753.4 4.04 9.27 15.25 L21 2.50
23.3 475625 361 . 9.20 22.93 172 3.75
31.1 4757.50 318 9.4 30.62 219 . 4.99
. 38.9 4750.90 275 . 9.08 3831 250" .6.22
) 46.7 476273 233 9.01 46.00 293 745
o pt.3 54.5 476501 192 8.96 53.70 322 8.67 -
a -~ -

Table 2-8: Bridle configuration speed 3.8 knots -

vy Length (m) Tension (N) = w* X (m) Z(m) Y (m) .
- pt.4 0.0 5970.00 480 11.10 0.00 0.00 0.00
- % 77 5972.14 4.25 10.91 748 0.59 14 e
| 15.5 5974.52 3.90 10.82 15.07 L15 292
! : 233 597111 355 1074 2268 185 438
! B 31.1 5970.00 3.20 10.66 30.26 211 - 582
38.9 598288 2.85 10.58 37.86 252 | 7.26
46.7 5986.07 2.51 10.50 45.47 289 8.68

© pt.3 54.5 508068 218 1042 ° 5357 321 110.10
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>Table 2-7:  Ground-wire configuration speed %.0 knots

Length (m) Tension (N)

8° w* X (m) Z(m) Y (m)
pt.5 0.0 1269.00 -4.90 -8.25- 0.00 0.00 0.00
77 1260.28 -3.33 -8.10 7.62 -0.55 -1.00
15.5 127048 -1.78 -7.95 15.35 -0.90 -2.18
23.3 »1272.59 -0.25 -7.82 23.07 -1.03 -3.25
31.1 ~ 1275.58 1.25 -7.69 30.79 -0.96 -4.30
389 1279.44_ +2.72 -7.56 38.50 -089 / -5.33
S 46.7 128415 '~ 4.16 -7.43 4830 -0.22 -6.35
pt.6 55.0 1200.07 5.65 -7.20 54.38 0.49 -7.41
i . ! [ v
Table 2-8: Ground wire configuration speed 3.4 knots
Lepgth-(m) Tension (N) B w' « X(m) Z(m) Y (m)
PL5 00 149000 410 %1020 000 000  0.00
79 -1491.39 -2.75 -9.87 7.58 -0.48 -1.33
15.5 1493.58 -1.42 -9.65 15.24 0.74 -2.65
23.3 1496.55 -0.12 -9.44 22.93 0.84 -3.94
» 311 1.18 -9.25 30.83 -0.77 -5.21
240,  -9.08 3833 -0.53 -B.45
7 3.61 "\ 38487 46.02 0.12.  -7.66
.0 . 4.86 ‘)(s.ss 54.21 0.5 -8.92
\ 7
Table 2-9: Ground wire configuration speed 3.8 knots
" Length (m) Tension (N) B w® X (m) ~Z(m) Y (m)
pL.5 0.0 1840.00 _ 0.00 000 000
7.7, 184286 749 -0.35 -1.58
1557 .  1846.00 . 2511 -0.57 -3.15
233 ° 1840.97 X . 2275 | -0.63 -4.67
311 185456 1.06  -10.87° 30.42 058 -B.16
389 - 1850.73 2.05 -10.61 38.10 <0.34 -7.61
46.7  1865.40 3.03 -10.38 45.78" 0.00 -9.03
pt.8 55.0. 1872.22 4.03 -10.10 5397 0.51

£10.50 +
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Figure 2-1i: Total gear and net drag.




Chapter 3

TOWING TANK DRAG
MEASUREMENTS ON SAMPLES
OF POLYETHYLENE NETTING

-
Polyethylene netting, from which the I.C. trawl net is copstructed, is a

relatively new fishing net material and very little information c‘onceming its drag
prr&perties is avaisble. An attempt has been made to omm‘(t}E information by
conducting a series of towing tank.di'ag measurements on ssmples of polyethylene
netting. These measurements are us’ed to derive drag coeflicients in chapter 4.0,
and also for net drag analysis in chapter 50. Empirical ‘trnwl net dlv'ag

calculations are also made in cl;apter 4.0 using the derived drag_coefficients.

3.1. Experimental apparatus
The drag measurements were' made in & towing tank at Memorial*
Univetsity. The towing tank has dimensions of 61 m length, 4.5 m width and 3 m

depth and is equipped with 8 towing carriage as shown in figure 3-2. .
G

p

,___'l:hq pglyelhy(ene nets were attached to a frame which ‘was xu/spended .l‘rom

the -towing carrisge and towed through the water. A frame size was determined

from the size and shiape of the meshes and the rating of the instruments to be

O

used. The frame was constructed from al pipe and al ar,

bar to the specifications shown in figure 3-1.
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€
= 65 mm x 13 mm AL
P IFLAT BAR - TOP B BOTTOM
il
N
13 mm ¢ AL.PIPE
BOTH SIDES
- )
\
686 mm
-
-

Figure 3-1: Net holding frame.

The nets were cut slightly smaller €han the inside dimel.lsim;s of the frame
and stregcl?;d to avoid net curvature during testing. Initially eswesh was
attached loosely to the frame in its npprmfimate posiiioq by looping electrical
Sabl R A side of the frame and through & mesh as shown in figure
3.3 ’i‘he nets were then stretched in the frame by systematically tightening !‘he
wraps holding: méshu_on opposite sides of the frame. Electrical cable w:np: are
ideal for this purpose because it was possible to tighten s net gradually while

maintaining a uniform mesh pattern.

A holding assembly was fabricated and uséd to suspénd the net and frame
from the carriage into the water. This assembly consists of a rectangular plate
. » ' 2 =
‘which straddles the carrying rails of the towing cafriage (figure-3-4). A shaft and




. ’ " g -
L%
2 . N
bearing arrangement was attached to a length of pipe which extends down from
the rectangular plate and is used to support a pivoting pole which holds the frame
( and net suspended in the water below (figure 3-5). When the carriage is in
"™ motion the drag force of the water on the net and ffame tends to rotate the

— pivoting pole and shaft in the opposite direction of motion. A force gauge

cquipped with a varisble-reluctance displ is attached to the .
upper end of the pivoting pole as shown in figure 7. This force gauge provides a
reaction force which prevents the rotation of the pivoting pole and generates a S
. DC output voltage that is a linear function of the applied force. The net is
. fuus_pended approximatgly 15 cm below the surface of the water. There was no

indication of free surface effects at this depth:
J

The pivoting pole has a circular disk welded to its submerged end.

Matching holes drilled in the disk and frame allow the frame to be bolted to the

s .| pivoting pole. The bolt hole pos‘itiol-ls, as shown in figure 3-8, were preset to form
: specific angles with the direction of motion when the holding assembly is attached * ’

@ o the carriage. This disk allowed. precise changes of the angle of atyack be;ween‘

tests. The angle éf attack was defimied #-the horizontal angle between the plane g

of the net and the direction of motion.

The experimental instrumentation is shown in figure 3-4 and a cireuit

diagram illustrating the wiring o[ the instruments is'shown in figure 3-8. S
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Figure 3-3 : Electrical cable wraps used to
attach nets to frame



Figure 3-4 : Holding assembly
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Figure 3-5 : Frame suspended in water



63 mm ¢ HOLES ON
75 mm ¢ BOLT CIRCLE - "7

6.5 mm_AL. PLATE

Figure 3-8: Circular disk with yre‘nt bolt hole positions. -
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Figure 3-7 : Variable-reluctance displacement transducer



Figure 3-8: Experimental circuit djagram.

1 d

3.2. Experi p! and

Drag theasurements were made on the nets listed in “Table 3-1 and are

i ! .
shown in appendix B. Included in each table in appendix B is the drag of the net

) and frame binati P! in Its, net/fr (mv), the drag of the
frame alone, frame(muv), and the drng of the net alone, nel(ml/) The drag of the
net is calculated by subl,ractmg the drag of \be frame. from the total drag of the
net and frame. The drag of ‘the net ‘ia qewtdns, ngl(N), was calculated using 8"
calibration constant. Each net was tésted at veloc:ities n‘mging from 1.0 m/s to
2.0m/s in incremun".s of 0.2:m/s over a full range of attack angles. Each d.!ng

measurement was Yecorded at constant carriage vélbcity .over the lengt‘h of the

tank. * .z
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Table 3-{' Mesh parameters of the nets tested.

NET ’ 8 (mm) d (mm) b k 0°
#1 750 30 144 85 30
#2 —75.0 40 144 85 30
#3 75.0 30 M2 & 5Q
#4 75.0 30 - B0 . M 13
#5 . 750 T30 132 78 48
: #6 ' 75.0 - ) ‘30 150 88 " 60
#7° 750 - 30 T 252 150 79

The millivolt readings shown in appéndix B sre the meaﬁ numerical values
for each trace. A large numi:er of readings were made at small increments along
a typical trace and s sample mean, a standard deviation and the mean standard

error A 95% confid interval was established by, calculating the

mean standard e?m:{sing two standard deviations. The mean standard error

2 /
was “calculated to -be +.48%. This mean standard error'is expressed as a
percentage in appendix B. It is reasonable to assume that the numerical mean of

all other traces lies within two standard errors of its simple’m.

The mean standard error of the difference of two measured quantities each
having a mean m, and m, and mean standard err;rs € (gnd ey:is given as
follows [27]: ' . -

' ()
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.
where:

e = the combined mean standard error. ' o2

Thus, the new mean is calculated using the following equation:

3.2)

‘m = the combined mean.

Equation (3.2) was used to calculaté the d}ag of the varion‘s “nets with m, as
the drag of the net and frame and m, as the drag of the frame. As shown by )

equation (3.2), the mean standard error will be large if the individual means are ’

nearly equal. As a result the mean standard error of the net drag is Highest at

l'o’w angles of attack. w5

The resulting mean standard error is given as a percentage in each table in

appendix B. The value $hown is the maximum occurring at that angle of attack.

Calibration measurements’ were made at regular intervals thiroughout the

testing ﬁeribd.' Thesé calibrati were C mbined and a lnst'_
squares curve fitting routine used to determine the mean linear calibration

constant of the transducer. A plot of the reeu!t'in’g‘ calibration curve is shown in

figure 39 along with'the initial calibrati The calibration curve
is defined ‘by the '!cllawiixg relationship:
F = (0.63 + 0.0012)(A E) ) : (3.3)

where:

F .= the applied force (Newtons)
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A(E) = the change in the output voltage (millivolts).
: - 2
Equation (3.3) was used to convert the drag of the nets from millivolts to ™
newtons.. The combined mean standard error of the product oi two measured
quantities baving means m, and m, and mean standard errors ;l and e, is
calculated using the following equation [27]: ' L
+ (m,z,)" (3.4)

»

- : A
. The mean standard error of each net(N) as shown.in appendix B was. cnlculnei
using. equation (3.4). Again,-the mean standard error -shown is, the inrgest
w ' N . e
occurring at that angle of attack and is expressed as a percentage of the drag.

S~

—
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A Chapter 4

DERIVATION OF THE DRAG COEFFICIENT OF
'-POLYETMNE‘VETTING

An analysis was made of the drag measurements reported in chapter 3.0 in
terﬁ of the projected twine area of the netting and the angle of attack.
Empiricsi drag coefficients-were derived which are shown to'be a function of the
projected twine area and the angle ;l' attack. In the final section of this chapter

+ these coefficierits are used in empiricnlr net ﬁrsg caleulations and found to give

reasonable predictions of the xﬁ;g of a trawl net made from polyethylene twine.

The following principles of Fluid Mechanics were idered in the analysis

of the drag measurements.

4.1, Basic Vﬂuid. 'mechanics principles

An object i d in sn "} pressible flow experi lift and drag
'fo‘rces resulting from localized pressure differences over its surface as wéll as
frictional effects in the boundary lnyér around its. surface. No lift force
meuureméhts were made and t'hereine these forces are neglected in the following

analysis.

The total drag on an object immersed in a flow is the sum of pressure drag

and friction drag. Friction forces originate from the diuipntion of energy in -
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overcoming the resistance to flow within the boundary layer. These frictional
forces are predominant at lower velocities. Frm)ure drag is del;endent upon the
form of the object but is also affected by the formation of the boundary layer.
The momentum of the fluid particles within the boundm layer will be
considerably less than those outside the boundary layer at corresponding positions

in the flow. As the velocity of fluid particles in the boundary layer is slowed, a.

circular motion is induced by the ding flow. A di inuity s formed

which is ch terized by the fc jon of a jon point and a wake zone

" behind the object. ; /

Immediately o,u_sids the hounds‘ry layer- the fluid will act as an ideal fluid, * .
accelerating over tFl! upstream uctioh"of the object and decelerating over the
downstream side.  High .velocitig mneisu:i with this acceleration’ and ’
deceleration result in Ioc.lliud p‘:asure'red\lctions which sre transmitted into the

wake at the rear of the object. The result is a large drag force ¢aused by the

pressure diffe i iatel, and of the object.

The pressure drag force acting on an object immersed in an incompressible

flow is dependent upon its area, the density and viscosity of the nuid,‘nd the

velocity of flow around the object, i.e. v
R = [(AnvV). . . “(41)
where: ' i ‘
A = profileares '
p = the density of the fuid

v = the viscosity of the Muid
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These variables are rearranged using dimensional analysis to give the following
basic equation:
R = A VIS, %4.2)
where: .
c = thie drag coefficient of the object Which is
dependent upon the Reynplds number over a wide
range of flow. X
4.2. Drag coefficient analysis
% it
Equation (4.2) can be represented by an equation of the following form:

R=KvV? ) (4.3)

where: . ~
K= cjApf2: ) - (4.4)

The profile ares of a net taken as the projectéd twine area on the plane

perpendicular to the direction of motion is given as follows [18]: -y
Ap = bda+krdl/4. - _(4h)
where: = ‘ : * Ry
b = number of bars / 4:"/
o - 7
d = diameter of a bar
[} = _ length of a bar v
k = numbgr-of knots
d, = diameter of a knot

\

This formula takes Vil‘!m account all the knots and twine bars making up the net
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and leads to an accurate calculation of thé projected twine\aren. The twine bars
are assumed to be cylindrical in shape while the knots are assumed to have a
circular profile area with a diameter three times that of the twine.
Ag the angle of attack of a net is reduced below 90°, its projected twine
¢+ area u; the flow also decreases. Intuitively, one might suspect that the projected
twine area of a net varies with the sine of the angle of attack as in the case of a
flat plate. However, the orientation of the mesh in the flow results in 3 unique
relationship Vbe&ween the projected twine area and the angle of attack. A detailed
analysis was made to derive this relationship and is deseribed below.
"
i“ig\ne 41 shows 8 three-dimensional diagram of a single mesh as outlined
by the twine bars AB, BC, CD and AD. The mesh forms an attack angle of «
with the direction of motion, the x-axis, and has’a'mesh opemng angle of 4. Alsn
shown in figire 4-1 is the pro)ecuon of the mesh in the plane perpendicular to the
direction of motion, the y-z plnne. AL an angle of attack of 80° the mesh lies in
the y-z plane and the projected twine area is given by equation (4.5). At angles of '
attack below 90° the projected. length of the twine bars in the y-z plane is
. redufed ;md, therero“re, the projected twine area of the mesh to the flow is
reduced. There is also a variation in the projecied knot area. However,
considering that the knot is assumed spherical in shape it is reasonable to assume,’
that-the decrénse in the projected knot area is negligible.

The projected length of bar AB in the y-z plane, AB,

st is given by the

following expression:

\




Flgura"&‘lx The projection of a mesh, held at an angle ~

a to the x-axis, on the y-z plane __

AB,_,wg ABcosy 4

siny = sinfcosa. }\

ABy_ 18 therefore written as follows:

where:
B

ABy'_‘ = V1 - sin %cos % AB.

8 net becomes: s

\ &
Yoap = Vi-sin®nos% (bda)+ kedlje. .

Upon substitution of equation (4.8) into equation (4.5), the projected twine area of

(4.8)

L (49)

The mean diameter of nominal 3 min and 4 mm polyethylene twine samples
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were measur;ad and found to be 2.815 + .2mm and 3,‘558 =+ .3mm respectively.
These measurements were made with a vernier caliper. Although optical methods
are currently ysed to measure twine diameter very accurately (9], these methofls
could not b;’ used to make the above meuuremen@‘bécsuse of a lack of
equipment. The degree of accuracy of the twine diameter measurements are,
however, sufficient for illustm‘tive purposes. o} ’

N - .

~. Measurements were made of the projected area of a twine knot at.an angle
of attack of '90', The projecle;i aredof a knot made from 3 mm polyethylene
twine was found to be 110.20 + 0.61mm? while that of a knot made from 4 mm

2

twine was found to-be 126.90 + 0.23mm®. These measurements were taken from

photo‘gnphs of “the  respective knots using a hig{precision digitizer. Sample -

photographs are shown in figures 4-2 ang 4-3.

Equation (4.9) was, therefore, modified to give the projected area of a pet as

follows: =
= V1 — sin %icos % (bd a) + kA, (4.10)
N
. 5
A least squares curve ﬁmng program was developed te &

smooth curve through each set of drag measurements using eqnmon (4.3). The

results are shown in figures 4-4 ‘and 4-5 for 3 mm and 4 mm twine diameter nets *

with a mesh opening angle of 30°. These nets are numbers one and two in table
3.1. The correlation between the fitted curve and the experimental points is good

13
in both cases. . &




Flgure 4-3:  The projected area of & knot made from 3 mm polyelhylene twine.
Scale, twice actual size.
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- Flgure l-a- The projected area ol a knot mlde !rom 4 mm pulyethylene twme
f . Scale, twice actual size. »
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A plot of the curve fitting ccefficient K and the projected twine area is -
shown in figure 4-6. Also shown in this figure is s straight line through the origin

and the values of K at high angles of attack. The slope of this line represents a

di i "

| drag coefficient which is a function of the projected

twin; area only. As shown by the marked points/ of the experimentally
4 -

determined values of K differ si

ly from those predicted by the theoretical

line at low angles of attack.

. The deviation of the experimental points from the theoretical Line at lower
angles of atiack is'a result of the twite bars linjiig up behind each other as the

angle of attack is reduced. This effect is knqv;n as shielding or shadowing. As

_the angle of attack is reduced to a low value, it is 'to‘b“e\xpecud that the -flow

\

around the twine bars behind the ]gnding portion of vt'lxe net will- become '

in ly turbulent.’ The development of turbulent flow could therefore lead to

J reduced Bﬁg coefficient [1]. : =
It is also clear that there is a reduction in the proftcted twine area of the
net due to shielding. Imai [16] derived formulae to calculate the projected twine

area of a net based on the assumption that the shielding effect begins when_the

‘projection of the knots to\lch‘in the plane perpendifiiar “to the direction of

this anne is calculated

motion,/ As shown in ﬁg\;re 4.7, the angle of attack at which the knots touch in

e = ——— 4.11
S 2asin ¢ (1

LI |




Figure 4-7: A éitgrnm illustrating the beginning of shielding.
- ’ 2 %

According lo‘equm.ion (4.11), shieldingbegins at an « of 6.80° witl; a bar
length of 75 1‘|m and an ¢of 30°. AFiiguu 4-6, however, indicates that a sudden ~
dnrea;se in the drag occurs at an o of approximately 30°. It is lb!refo're likely
that the dovelopment of turbulent flow is moredixnil;icml than the shielding

- elfect in reducing the dragof the nets at lower angles of attack or else shielding

begins at |n‘gles of attack higher than predicted by the analysis.
>y e

The drag of polyethylene netting therefore does not appear to .be
ptoportional to jts projected twine area only. Other- researchers have drawn
similar conclusions from measurements made on different types of netting [25]. It
was intended that the strict calculation of the pcjfued twine_area of the nets

-
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would lead to a linear relationship between the drag and the projected twine area. '
This is not the case, however, as it is apparent that the coefficient of drag of
“netting is a function of not only the projected twine area but also the angle -of

attack.

4

4.3.. The calculation of the drag ofthe 350 I.C. trawl net

Trawl net drag calculations are made in this section using methods
developed by Fridman and Dvernik [12), Kowalski and Gianotti [18] and
Dickson [6]. These calculations give some insight into the difficulties arising when

trawl net drag calculations are inade and illustrate the usefullness of empirical net

drag for making trawl net drag

. e
43,1, Fridman's method /,/ E

meI‘ne'. drag cqlcuintions made by Fridman and Dvernik [12] are based on

" the hypothesis that the drag of a system of meshes is independent of the p gical

shape of thve system. This hypothesis is stated mathematically for a trawl het

constructed from individual panels as follows: f
A n om
R =35 cuhVi= TR (4.12)
i=1 i=1
where: .
R, =. thedragof the i*® panel
A; = theasreaof the i*® panel
¢; = the coefficient of dragof itk panel
n = the number of panels.
v
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A further postulation by Fridman is that by calculating an average angle of

attdek from the angles of attack of the met panels making up the trawl net an

average drag coefficient can be used in equation (4.12), i.e. r
; n n
2 =
R = 5%2 AV = YR (4.13)
il i=1

It is impractical to count the number of twine bars and knots making up a
trawl net in order to ulcuhl;u its projected twine area at lower angles of attack
using equation (4.10). A trawl net twine ares was therefore calculated by
multiplying the overall area of the net panels, as determined from the net
drawings shown in figure 4-8, by the solidity of the meshes. Empirical net drag

coefficients corresponding to this net ares are shown in figure 4-9.
)

" The cnlcllh'.i:n of the twine arei‘ is summarized in table 4-1. The solidity
of the meshes were calculated using equation (1.4) assuming a m%h opening angle
of 30°. An average angle of attack of 6.5° was estimated for the panels making .
up the trawl net (yom thé sea measurements shown in figure 2:5. The empirical

drag coefficient corresponding to this average angle of attack is 0.19 as shown in
' .

figure 4-0.

The results of the calculation of the drag of ,he L.C. ‘trawl pet using
equation (4.13) and the variables given above are discussed in section 4.4.
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. 4.3.2. Kowalskl's and Glanottl's method \

T:awl net drag calculations by Km‘vulski and Gianotti [\YR) are based on the
hypothesis that the drag of the trawl net is directly proportional to the area of the
mouth opening of the net, whi‘c‘h is asxllgled to be conical in shape . "This
hypothesis was first tested by Crewe [S]. The drag of the net is calculated using

the following equation: ’

R = cpo(nAB) s SVY2. (4.14)
where: )
c, m'/ = the coefficient of dragof the nell;.'lng held
at an angle of sttack of 90 °. See figure 4-9.
(rAB) = the frontal ares of the ellipticsl mouthof the

trawl net.

§° = the meh solidity.
Since the semiaxes, A zm;i B, are measured at tiie wing tips a correction
factor is applied to equation (4'“)' to red|{ce the drag by an amo;m! proportional
to the space between the wings where there is no netting. Wind tunnel
measurements made by Kowalski [17] indicated that the variation of the empirical
net drag coefficient with the angle of attack, o, was proi)ortional to the sine of the

angle of attack,

Cio = SiD acty, o (4.15),

The. drag force th;t would act on the empty space between thé wings if it were

filled with nettingis therefore given by the following equation:

= si 2
Remptypace = 0 & g empiypace? S V13- (.18)
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The empirical drag coefficient c,, was taken directly from figure 4-9 for the

calculation of the drag of the I.C. trawl net usiﬁg Kowalski's method. Equation

(4.18) therefore becomes:

= 4o Aemptyspace ? S V712 (417)

Remptyspace

The ratio k; of equations (4.14) and (4.17) is given as follows:

2
_ Sta Aemptyspace © SVE/2 ey Ammptippace

- oL = 4.18
:M(xAH)oSVzﬂ Cgo0 (7 A B) w18
and equation (4.14) is therefore rewritten s follows:
R = (1-k)eyo(xAB)pSVY2. (4.19)
L A i \

The angle of attack of the top and bottom portion of the L.C. trawl net was
estimated to be approximately 3° and therefore a value of €4q Of 0.15 was taken
- . %

from figure 4-8. The empty space betweei]'!he; wings was calculated using figure

- 4-8 and a value of 0.28 as calculated for k, using equation (4.18).

Kowalski calculates the drag on the codend using the following equation:

R = c)‘iVZA, (4.20)
where: )
e = the' frictional -dng coefficient.
of newing held parallel to the flow
A, .= the wetted surface area of codend.

The ¢, used by Kowalski is 0.0005, which is given by Hoerner [15] as the frictional

drag coefficient of s hollow cylinder the approximate size of a typical codend.
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~ Calculations were made of the trawl Il:l. drag using the above procedure and
are discussed in section 4.4. The semiaxes A and B Were estimated from the [
performance measurements given in figure 2-5. An average solidity was
calculated from the values shown in table 4-1 snd the empty space Im/wgn,:he

wings was calculated from the net drawings shown in figure 4-8,

4.3.3. Dickson's .method
This method is similarto Fridman's in that the drag of the trawl net is «

calculsted by adding up the drag of the various panels. Dickson (6], however,

using the following equation:
Cho = (cm - ‘dn) u[&O +¢40

% i The drag coefficients tyo0 80d Cyy Of 8 mesh consisting of two twine bars and

knot, are given as follows:

. Cp0=Caet2(a-d, ) d+c, xd /4 (422)
= [egsin %+ cos %2(a - d)d +gxd /4] (423)
where: ’ ~
¢gpe =  thedrag coelficient of & smoath cylinder (1.0)
i ’.\(Lctor allowing for the type of twine (1.0) - TR
(A the drag coelficient of a knot (0.47) ‘
ep = the twino skin friction coefficient (O.dO’I) )

6 =  the mesh opening angle 30°
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8 = thesolidity of 8 mesi
@ = the twine bar length.
d = thetwine diameter. * .
4, = thekot dismeter (3d).
A plot of the th ical and irical drag fici are shown in figure

4-10. Figure 4-10 indicates that the theoretical caefficients are Iuéer than the
empiricsl coefficients at lower angles of attack. It is apparent that the theoretical
N drag coefficients do not take into account the reduced drag of the net at the lower,

nnglos' of ﬁtt.ac.k‘

.The calculntlon of Lhe drag. of the L.C. trawl net using the theoretical drag

coeﬂ‘klenu and net’ panel areas s given in )lble 4—1‘ are dlsc\lssed in section 4.4.
# . i 5 ]
& 4;1. Compariuin of trnwl neb \! :

‘with sea 3

Drng curves were ;glgulnted for the l C. trawl net usmg each o! the xbove

methods 'l‘hese curves nre shown in fij gnre 4-11 along with the drag as deriveds

from des’ mea.suremenu made by King and l-learn [14].
3 SR . K

g

it In gemeral the calculations give ble approximations. of the bea’

t
mensurements The: calculated dng, Bowever, ‘tends to mcrease more rapidly

than the d drag. This is parti ] true in the case ol the caleulanuls

made usmg Dleksonn method.” The redsdn for this is that the theoretical drng‘

coemclmu are quer than the empirical coefficients at/lower angles of ntlack 8 -

.. shown j )q figure 4-10.




It was luded that the

1 drag “coeffici: given in figure 4-0 can-
be used bo give ressonable spproximations of the drag of other trawl nets similar

to the 350 LC. trawl net and made from: polyethylene twine.
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Table 4-1: Trawl net twine area calculations

Panel # Panel . . d (mm) ] 'Ap(mz)

i area (m?) - . 4 .
. ' T B 30 1054 138
- 2 8279 30 1054 3.8,
3 13.14 30 7 1054 138

4 3279 30 1054 3.48

5 5072 30 1054 © 535

8 85.85 30 1054 9.05

R 76,08 30 1054 802

8 2068 40 64 . 4

9 21 30 1054 2.24

10 w0 d054 L8

1 21.26 » . 1054 224

‘ 12 1118 30 1054 118

v : ' B 30 1054 778
T u o es | 30 1054 802
15 20.66 40 T e 43

18 1020 40 1484 2.82

LA 1) 0 s
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Chapter 5

t THE EFEEcz“'OF THE MESH OPENING ANGLE
N THE DRAG OF NETS _

This chnpter coptains further mmlysns of the net drn§ mensurements The

“work includes a fu)l discussion of the effect of the mesh opening angle on the drag -

. .
of nets. Theoretical calculations are also given which support the experimental

. Analysis of made on square mesh nets, which have

unique mesh opening angles, are also pmvi;i;:t
’ ¢
5.1. The drag of nets with different mesh opening angles

The drag coefficient ol a net js dependent upon its mesh opemng angle
which ,along with the angle of attack, determmu its orientation to the flow [25].
In the case of an angle of attack of 80° the vafiation of the drag coefficient is
similar to that—of the solidity at dilferent mesh opening angles. Both the
minimum drag:coefficient and solidity eécur at a mesh opening angle of 45° and
both increase as the mesh opening angle increua; At angles of attack ‘below 80°,
Stengel's data shows' a shift in the “ninimum duk coefficient away from 45°
towards smaller mesh opening angles as lustrated in figure 5-1.

Slnco there .is an lncreue ln the mhdl'.y as the mesh opening angle is

reducad below 45° there is a rmg;a of mesh opening nnglas for whleh there is an

N . v
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increase in solidity and yet a decrease in the drag. In other words, the amount of

netting is i ing but the drag is'dec

ing. Stengel il this behaviour

N 3. ‘
to the orientation of the twine in the flow l_)u\tnq further analysis is given.

Toji igate this behavi were maglg on a series of nets

with dil!erent ‘mesh opening 'angle;. These nets-are listed in table 3-1 as numbers
four to seven. The megsurefnenﬁ were made at angles of attack of 90" and 20°.
Figures 5-2 and 5-3 show the drag of the d’i[[erent nets at e:ch angle of attack.
At an angle of attack of 0°, figure 5-2 indicates that the minimum drag occurs
at 2 mesh opening angle of approximately 45°, as expected. Figure 5-3, how’ever,

shows that at an angle of attack of 20° tlie minimum drag occurs at a mesh

v opening angle greater than 48°. The projected twine area of a net with a mesh

opening angle of 48° was calculated and found to be less than thnt of a net with
a mesh opening angle of 45° at an angle of nunck of 20° Thus, the solidity of a
net can increase although the projécted twine ares is not i’ncreuing. Also, the
drag can decrease even though the solidity, which is representative of the nrr%unt

of twine in the net, increases. :

The projected twine area of a net as given by equation (4.9) is a rul;ction of

the mesh opening angle 6. An expression for the mini projected twine area

can be found by minimizing equation (’4.0)'wilh respect to b¥ mesh opening

angle. Sidce the projected ares of the knots is usu‘med to"remsin constant,

: : \,
equation (4.9) can be rewritten as follows: . : }

= v175in-zacm’a (bda). '_ (6.1)
L]
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The number of bars, b,is also dependent upon the value of o. In the case of a flat
my

(5.2)

net held in a frame the number of bars is equal to twice the number of

holes, i.e. ®

b = 2 X (# mesh holes) .

The number of mesh holes is found by dividing the inside area of the frame by the

area of one mesh hole, i.e.

(# mesh holes) = A //Amh .

wixere: \‘. )
Ay = the inside area of the frame
Apy = theareaof a mesh hole. &

The area of a mesh hole‘i.l given by equation (1.3) as:

Amh = 2sindcossa’.
Theérefore the number of bars in a net is expressed as foilows:

b= ZAI[hinlcoal:az’}' -
which can be rewritten as:

b= 2A[/sin21a2. .

Uﬁon substi&uting for b in equation (5.1), the projected twine area becomes:

Ap = V1 ~sin %acos % (2 A,sin 20) (d/a). 4
- ~

Cn;mbining constants and noting that the angle a is also constant, equation
becomes: ’ N

(5.3)

(5.4)

(5.5)

(5.5)




7
= ¢, V1—cysin%)sin 2. | (5.8)
where: ! .

¢ = 24,d/a 6 = cos a.

Thié derivative of Ap with respect to 4 is therefore equal-to

—¢\6p -~ 2:100.\1 201 = ¢ysin %

 (drdajap - 6
> a 9 /l v cfln (sin 26)% .
B Equulmg (d/dl)Aﬁ to nrd’gwes the, l‘ollowmg expressmq

¢y = .= cos 2l/sm o ot e"k !‘ * (5.8)

!
. - ' - -
‘Therefore the mesh opening angle required to give the minimum’projected

A
twine area at any angle of attack is given as follows:

cos %a ’= - cfm?’!/m'n‘ﬂ g . ‘ " (5.9)
o ..

According to equation (5.8) u';e minimum projected twine area occurs at a mesh

opemn }Ingle of 45 ° !or an nttuk angle of 80°. Also, as the angle of attack is

redneed below 90" the mesh opening angle must be greater than 45° to minimize

the projected twine nran of the net. In fact, for angles of auwck in the range ol

0° t0 90°, equation (5.9) is t;nly valid for mesh opening angles greater than 45°.

™ ,

)
BN
A compuler program was written I,o generate a curve reprwétwquatioy

(S.ﬂ) This ‘evtve is shown in ﬁgnre(jfd As shown by ﬁguxe 5-4 the mesh opening ~

angle required for mmm}um pm;ectsd twine is 59.67° at an anglc ol attack of
20°. Therefore, in the .range of’ mesh openh\g angles from 45"5’5‘0 87.° the

' sohdlty increases but thu pro;smd twme area nd drng deere:sa
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[N As menuoned prekusly, Stengel's data shows a minimum drng xoel’ﬁcnml

ata mesh upenmg angle less, than 45° for nugles ol attack c!her\//(hx/m 90° A
posslble qxplnu;mon for this reversal is lhe‘dlﬂ‘erence in the defingtion of the. nngle
. of attack as used by Stengel and that given in chnptw_.’io In the An\h«xs thus

far, the :mgle of attack has been defined as the anglc betwcen !hc net'and Iho

verticalsz-x plane ns shown in figure 4-1. In Stengel's [!‘(perlmﬂlLL\ the nn«lc of

VY

Figyre 56-6: The projection of a mesh, held at an angle o
to the z-axis; on'the y-z plane. ~

As before, the projected length of the twine bar AB as shown in figure 5-5 is

given as follows: " - L .
T AB,, 2 ABeosy Lo (510)
"

However, in this case the nngle.vl: is defined as follows: ’




Vi - \ e ¥ &
. ~siny = cosesina - H&ui_
"and the projected length of the twine bar becomes:

. . AEV_"= ABVi ot sinta A e (5.12)

'A‘pplying'the same ﬁmceduré as before the t&lldwin_g equation similar to

equation (5.9) is'obtained: ;
. - g . -
Yeos%a = cos26/cos s - o R (5.13)"

*-As before, the mesh, opemng mgle mnst be 45 _to-minimize the projected 4
~ -

twine' s{en gt an angle of attack of 00'. Hawéuu, as the angle of -attack
i

decreases below 90° the mesh ope‘ning‘ angle must -also décrease if equation (5.1‘3) -

- - A

is to be satisfied. Thus the rﬂinin{\i}n projected twine area of )a net-defined in this

way will occur b some mesh opening angle below 45° for angles of attack below

90"/ 5 !

i v A

5.2. Analysis of square mesh measurements N

5 . i
_ A square.mesh net is a net with its meshes hung such tBat the twine bars ~ , " .
. . ..

are paraliel to the nides gf the net (see ﬁguie 5-7)." <This type of mesh is being

mvesugand as a possible replscement I'or the couvelmonal dmmond mesh in the

codend section of a trawl net [24). The propmed udvantnge of square mesh over (- 2

3 adlsmomf meshi is that the square mesh remams open during trawling and therelore

lncreuu the escnpe area for small ﬁsh It hu nlso been reported that a trawl et -

|
 tows easier when its codend is made with square mesh [24]. !




As part of the investigation of*the e(l‘ect of the mesh oﬁehing angle on the
drag o netB a series of towing tank tests were made on a square mesh pet

conslructed with the same amount, of twing as dumond mesh net number one in

in table 3-1.

. table 31. The wm of the squaremesﬂ:ez are listed-as-not- purber-three
i .

K4

. Figure 5-8 shows the drag of both the diamond and the square mesh, nets.

e same nurber of twi}ofb@ and knots

Althiough botirare made from nearly,

" the drag of the square mesh is clearly lower than tha of the diamond mesh. The

difference increases steadily as tlie angle of attack is decreased to 20° It fay be

' b .
that-the zeduction in drag due to turbulent flow is -not as severe for square mesh

as for diamond mesh, or that .ihere i; reduc‘l\ shielding of crossll_low bars in a
H N e

squate mesh net.

At an angle of attack of 90°  the projected twine area of botlr nets are )

nearly equ:\l and can be cnlculnzed using equntwn (4-5). As the nng!e of nlhekw

redum@c]ow 90°, zhe projected area of the dmmonq ‘mesh nel, as illustrated in

- - . .
‘figure 4-1, is calculated using equation (4.9). The projected twine area of a square

: mesh‘ net at ‘angles of attack below 90° is illustrated in ﬁg;un 5-6 and is

caleulated ¢ using the following cquation: " 8
i Ap .= smabdn/2+bda/2+knd‘/4 ; ‘(.’Mn_
or* v
: . ) L -
(sina+ 1)bda/2 + kgzd /4. < (5.15)

L
v wn

Figure 5-0 shows a comparison -of the projected twine area of the diamond
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Figure 5-6: 'The pmjec'ted area of a square mesh.

Figure 59 shows a comparison of the projected twine area of the diamond

" and .squm npts as calculated nsfng equations (5.13) and (4.9) at ;‘i:gla of attack

between 0° & d 90°. The projected twine area and drag are nearly.equal at an

Y
angle of attack of 90°. However gife projected twine area of the square mesh net™ ,
decreases dramatically below that of the diamond mesh net at angles of Aupck

below ﬁ'. It can therefore be concluded that thie reduced dr'ng‘of ihe square

_ meshaet over the diamond net is due to the fact that the projected t\}ine

drea of the Siuare mul! is less than that of the diamond mesh net.




Square mesh section

= /

%

\ﬂlijm‘ond mesh section ‘

Figure 5-7: A diamond and square mesh codend.

'
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: - - Chapter 8 N
> - % .
COMPARISON OF VESSEL POWER AND GEAR DRAG'

A

5 ' v 4 \
The derived drag of the L.C. trawl gear was compared to the a\m'lable/\.
~

N towing power of typical' vessels used in the weslern Newl‘oundlnnd inshoré
. mwlmg ﬁzhery Both wooden "and steel vessels ung'mg from 15 to 20 meters m
length nrrused m this fishery.* The objective ol the following chapter is to
est: lsh whether the bowmg power of tlme vessels matches the drag of the 1.C.

gear and if not, what changes in the gear size would improve thls match.

_ 6.1, Vessel propulsion annlysln

i

. ’ * * Thrust and torque curves were developed for two typlcnl vessels operating
b
in this fishery. fl‘he propulsion analyses are based.on procedures outlined by

Kowalski Ilfl and Harvard [13]. ' : .

N 6.1.1. Vessel descriptions
; e

Tuwo vegsels for which enlculanons were made were the, Arctlc Cllpper

X und the Occlb‘ Way. "The physical dimensions of each boat nlong with the eng-me .
and propeller specifications are given in Tables 6-1 and 6-2. The propeller

box specfﬁcations we‘re suprisingly di\mcult to obtain. However, through discussimi; ’
with suppliers and from records at the Provmclal D;pgx{fznt ol Fisheries, the

relevmt information was assembled. s




s

B
= “
Table 8-1:  Arctic Clipper specifications
LENGTH i 185m
- BEAM s70m
CONSTRUCTION ‘wood %
ENGINE g 365 hp
REDUCTION GEAR 45:1 »

PROPELLER /

. Waéenhgon type

diameter, 1219 mm

= h . \ ! pitch 13718 mm
\ disK area ratio 0.50,
e - 3 blades
2\ g
/ \
Table ‘0’-2: Ocean Way specifications
LENGTH W8 m :
BEAM , 6.70? m
FRAME steel
~r
ENGINE { 624.hp
REDUCTION GEAR
PROPELLER Kaplan type
" diameter 1511.3 mm
-~ ‘pitch 1400.7 mm
W disk area'ratio 0.55 - h
\ . 4blades -
s s Kort nozzle
~——
N Y
[/ — I~ )
- ~— . | ‘
N el




90 .

6.1.2. Vessel thrust nnd torque dl-gnﬁu"

The opén wnter per{ormnce cn\'va cen’espondmg to euh propeller are
given in figures 6-1 snd 8-2. /l‘hese ‘.gures were used to cnlcu]ate thrust nnd
torque curves for each vessel which sre shown in figures 6-3 and 6-4 [13] [22]. The .
following équsﬁons were used for. these calculations [13]: Lo .

T = K, ,N?D* o ©1)
Q = kqu’és S N\ \, (62)

where: ) . ' . % ." ! \

T _=-the thrust g ’ i
£ » .

k= th:'tprust coeflici _ -
Q = th’!quue'.’ ) o ‘.\'.
’ kq = the torque coeffici .u-n pondi to deli "powc\ar
'p = density *
N <= revolutions per second of}\‘ Prop: 1l
D = propeller diameter _ ‘
- , < <

' The thrust and torque. coefficients correspond to a particular advance

- ]
cqefficient, J, which-is defined by ﬂgpd‘ollowing equation\ "

 V(i=w) . . Z
. Jo= o - (63) .
where: - - .
o ¥ \
w..= Taylor wake coefficient * L. N e
N = prt;peller revolutions per second . e -

Dfe'= }ropeller diameter *
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(Courtesy of Harvald (13))

'(J‘\




o .o & THLE o G [ ,
T : - o .
. 92
L -~
. .
. N e
s 7 .
J -
: : N ’
o &% . 5 . R
— L
Ly
P
-
il

\\
AANAN , :
S 3 AR ERN i :
. ) — TN i
: o SRR 1 ANCNT ¥
LT § ~L RN
L T

% Figure 6-2 : 0pen water: perfomance curves
1 (Ka 4-70 screw series with nozzle no. 19A)
" - urtesy of OQosterveld (22))




) v L .
L . - 5

= L a Ny & o S § 2

= - ¢ - ‘(4oddiy] 21300y) SIIWIT Isnayy .v:uf 0] 1g-g 2unB1 g

3 > . L 2

o & (S1ONM) A
/ J 0011 vowQi®  ‘ooce L B0 & 0% 008 L hd 0% od’z 0,
& ~ B

A

T

00°sdy

\

oL

(S1ONW) A
008

00%sds

B

se°edz " 000!

s8°slc.
«0TR ¥ (N) e1SNUHL

A 3

(01N (W

7
)




94

.Buz.cmowu. syiwiy 3snay
(S1ON A
we

A Y

J pud anBuoy t§-g 2unbiy

L

LA 008 00%  m 005 006 002
&3 N - - B
R T
a
/ E
lu
Hdy 0YE . ¥ =S
. . H
.HdY 0SE i z
&
“xuwo—— .
“y 7 -
: = %
., \ H
. : (SLONM) A < a
00°0t 00’8 008 on's 00°S 00 oo's 202 00°1,
HdY O¥E . o.i
.- 8
Hay ose : .
‘4 o e
B3 b
E
XURL Ml.a
- 4
: Bz
' S
‘=
i > =
. . s
i d b - <1
« - B “
, 3 l . P
s B} - + !




95

A Taylor wsixe coefficient of 0.2 is typically used for trawler hull forms [19]. S
‘Eqnation; (6.!) and (8.2) were evaliated over a range of engi‘ne rpms-and advgmc)
coefficients \tc tain ﬂ;e thrast vand torque curves. As an example, the
‘calculation of the thrust nnd torque curves at 350 rpm is summarized in table 8-3 F

for the Kurt nozzle unit of the Ouan Way. - 3 . J -

’

Table 6-3: CalcuLanons of thrust and torque curves of the Ocean Way . b

s at a propeller pm; of 350 ' } oo
V (knots) . g.& 25 30 35 ¢ 10
V (mfs) 1}13_ © 128 ‘L84 1.80 205
V(.l-’w) 0824 . 1.02 123 144 184 .. ™
' J‘ ) : 0.094 Q ous " 013 0164 - o8 - -
ko 0.450 0435 . 0420 “0405 0300
Ky 20 190 ‘ .180. 170 . .180-
TN * . usw0r 113681 109114 104568 100021 ' .
k, 0.0425 00420 0.0415 0.0410 00405 ;
Q (N-m) 11671 11533 s 11258 11122

-

The thms@ limit, Tmaz, as shofwn‘ in figures 6-3 and 6-4- is limited by the
maximum torque, Qr{mz‘, placed on the propelle‘,r shaft by the e‘ngiﬁe. Qmaz is
also‘ shown in figures 6-3 and 6-4.. The max‘imllm torque 1s assumed to be
constant and is calculated using the following I’or‘mul»l;:

33,000 dhp

L Qmax = ——r— N P (X1 )

where: ~




4

/

F

#oow S~ . R
. . [ \
dhp -= the delivered engine horsepower P

N = shaft revolutions per minute

‘The delivered horsepower of the engine is estima!ed\.from its brake horsepower as

follows:

dhp = bhp X n (6.5)
. where: ‘ 5 . . <\

bhp = the engine brake horsepower 4 ! ¢

n = theshaft, em\tiency (.08)

The taximum torque line, Qraaz, intergects the’ l;pm curve

disgram as shown.in figures 6‘-3 and 6-4. A thrust lifnit line, fmaz, is obtained

by plotting two of these points, connected with. a sirsight line, on the

corresponding r;;m curves on the thrust disgram. -

As shown in figuges 6-3 and 6-4 the available towinﬁ pdwer, . thrust, of
the Ocean Wmffnr exceeds that of the Arctic Clipper. For example,v the
maximum thrust of the Ocean Way at a towing speed: of 3,5~ knots is

approximately three times that 9{ the Arctic Clipper,

6.2, Hull rfslutance’bf typical inshore trawling vessels ;

Good data ing the hun‘ istance, of the ‘particular type. of vessels
“used in the wwern New{oundln.nd mshore trawlmg_ fishery was not ldenuhed
despite a literature search. Drag curves for gimilar ho&u were therefore used.
These curves . were deve]opegl by Kowalski [10] snd indicate that the bull

resistance of the type of vessel in question is small .compare.d to the total drag

-




resistance of the gear in the range of typical trawling speeds. The hull resisjance

curves are shown in section 6.3. -

6.3. Available vessel power versus gear drag

‘The drag of the I.C. trawl gear, the hall resistance and thrust curves of the

vessels are shown together in figures 6-5 and -6-6. The hull resistance is included *

in the total gear drag and is also shown separately.  _

Figure 6-5 shows that the thrust  potential of -a vessel such as the Arctic
Clipper closely matches the L.C. gear drag. ll may even be s!iglh.ly nndermvnu-hc.d
sin.ce the maximim towing speed 4.5 knots.
e ‘ . y "

- »lt is lpparent from figure 6-6, however, that the thrust 'potenlinl ol‘ a vessel
such as the Ouan Way is not fully developed when towing the I.C. trawl gear at
typical trawling speeds. For example, at a speed of 3.5 knots only 20"’ of the
available thrust is utilized. The thrust potential of vessels slm.ilar ™ the Ocean

Way would be better utilized by towing a larger gear. s
\

s
Assuming vroperly matclxexi‘ perl’Jsion components with an overall
<
efficiency typical of ﬁshﬁg vessels the rollawmg conclusions were made:

i .

® Vessels powered by engines with horsepower mtmgs in excess of 600,
hp can tow a gear larger then the 1. 350 mesh gear. e

“y e Vessels popvered by engines with hormpow; ratings in the range of
350 hp are reasonably matched to the .C. 350 mesh gear.

‘Tbe increase in gear size permitted has been shown to increase catching

efficiency [10]. . N

R
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Chapter 7

SUMMARY AND CONCLUSIONS

~

Newlfoundland's trawlers are predominantly deep sea vessels which are
owned and operated by large fishing companies. In recent times, however, priva!:e
luhermen‘ have begun trawling with small vessels in-iishore waters. lnveshgmons
into the drag characteristics of the 350 L.C. trawl gear, _Whlch is commonly used in
‘this fishery, are limited snd not mich re'levmt information has heen published
which could be used to help these fishermen mnt‘ch 4th'e towing power of their

vessels to the drag of the gear. T

‘A set of -warp and bridle system tension memsurements made by King [14]
hnve been,used in this thesis to derive data specifically fos this purpose. Through
an equlllbnum analysis of the forces actingon these warps, the total drag of the
gear and the dng of the trawl net hnve been de&ermlned The total drag of the
gear hn.s been compared to the towing pow;r of two, vesseh typical of those used
in the New{oundlnnc['ﬁshery. A basic propulsion analysis was mf;de to predm the
towing power of both vessels, It Wl; shown that vessels plowered by engines in the 1
range of 350 horsepower are cloSely x;)a‘ch;d to the L. C. gear while vessels with
propeller nozzles and engines in the ral;ge of 00 horsepower could possibly tow a )
larger geat. Singe s large num‘bnr o}vessels operating in this fishery are powered

by thg larger engined, it Qsn be concluded that a significant mumber of vgsse.l
Ty N
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could tow a bigger gear with a bigger mouth opening and thus a higw

rate. E o “
[y

In addition, towing tank drag meu\:ements were made on pieces of’

- <
polyethylene nets. Very few other measurements have been reported on this type
of netting. Analysis of these measurements indicates that the drag coefficient of

' =
p nets.is di d upon the proj d twine area and the angle of

attack of the netting. At high angles of attack the drag coefficient is directly
proportional-to the projected twine area but at low angles of attack it appears
that turbulent {low decreases the drag codﬁclent Empirical drag coefficients
were derived from these meastrements and used to calculate the drag of the 350
1C. trawl net following procedures found in the literature. These coefficients are
shown to g-ive reasonable approximations of the drag of the 350 L.C. traw! net and
it is concluded that the dmg of other trawl nets made from polyethylene nets can

= be calcujated using these coefficients.

Messurements were also made to inves‘tigste the effect of the variation-of
the mesh gobting mglé on the drag of a net. The mesh opening angle together.
with the angle of attack determines the orientation of the mesh in the flow. It
was 'showu that the drag of a mesh depends more on the projected twine area
than on its solidity, which corresponds to the s\‘nrface.am of~ the mesh. TFhis is
true even at low angles of attack where turbulent flow effects the drag of the net.
Ror exu’h‘\ple, the measurements show that at an angle of attack of 20.‘ the

_ minimum drag of a -series of mets with varying mesh opening angles occurs ata

mesh opening -angle of approximately 60°. The minimum projected twine area
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was calculated at a mesh opening angle of 59.8° whereas the l;linimum solidity
occurs at & mesh opening angle of 45°. Although it s physically impossible ta.ye

construct and test a et with a mesh opening -ng’l_or ol 590.8 °, the measurements .

r .
indicate eh/l the minimum drag ds to the mini jected area and

LSt
notsolidity.

A series of messurements were also made on s net ‘,'i"h its m-lsh hung .
square. The orientation of a mesh ;n this net is different than that of a mestr in a
similar size diimond mesh net and vtherelore the drag of these nets uhonld ,be
different. Sea trn.la hdlcate that Mwl nets made with square mesh codends tow
easier thln’lhose with diamond mesh codends [24]. This also lmphu that the
drag of square mesh nets is less then dismond mesh nets. The results of the drag
measurements made on the ;ﬁ.nue mesh ne".'.ing wete compared to the
measurements made on the similar size diamo!zd\.muh net. The drag of the
'squlre mesh netting was loynd to be lower than that of the diamond mesh netting
;nd particularly at low angles ?l attack.. A_formula was derived and used to
calculate the projected area of a square mesh net at various angles of attack. The
projected area of the square mesh net was found to_be lower tl.xnn that of the
diamond mesh net at ln'gle- ;l attack below 90°. It was thgnfore concluded that *
the nplmn}ion of the difference in the drag of the square n;uh and the diamond
mesh was the difference in the projected twine area of each mesh.

/

. ) =
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Appendix A

- EQUILIBRIUM WARP ANALYSIS PROGRAM

\.\ ; . . )
- 1




CIPROGRAN TO CALCULATE VARP SWAPT

co PAOGAN LISTING .

Co CD = CONPICIENT OF PRESSUIE DRAG(1.1)

4 &&= ommenm  micn DRAG(0.007) :
.
. .
.
oot .
@ Co LENGTH » FORIZONTAL DEFLECTION OF WIZ I¥ X DIRECTION o
¢ OMEQA-« DIVERGEACE ANGLE 1N DEGREZS .
RONEGA = DIVERIINCE ANGLE [N IADIAXS .
< * G+ RHO = FLUID DENSITY (1028 X¢/mUF(3))

® o STAKAD » RORTZZNTAL DEFLESTION OF Wiz 18 ¥ DIRETION  +
Co BETA » DECLINATION AXGLE I¥ DEGREES .
o un:u » DICLINATION ANGLE 1§ RADIANS .

o oot
« .
Co Y'm INCAENTAL CHAGE 1N Y DI .
€0 2w DNCADONTAL /CHAIGE, IN 2 OIREETION, ‘
DITASION A1().BLCO. LN 200,228 . €2(0 L

= DT A, B30H),C3(4)  BEIA(3000), 0XEIA(8000) , BOT()
: A, (0, BT83(4), 1§8000),FX(4) , FY (4), DEPTH (3000)

WTPUT
DOUELE PRECISION EPAEAD, CL,LENGTH

FOULA TO CALQULATE THE DETEANIIAIT OF A WATAIX o
e DETO1,X2,X3,Y1,Y2,Y3,21,12, Z3) 0 (X19Y29Z30X20Y30Z 1)
t 1 912)-(X1eYa0I20X30Y10Z8NAOY202T) .

. TR, INPUT CD.CP
ACCEPT®, €D, 7
TYPLe, " INPUT V THE VELOCITY®
AceEp!

v
TYPZS,* INPUT DECLINATION(E) . DIVEMIEACEC1 ) TEBSION C1) "
ACCEPTe , BETACL), OMEGA(S), T(1)

Ris1028.

Het 3

TYPEY, *INPUT ¥ THE WEIGHT OF A CIRLE ELEXENT'
Acczye, w

e INTIALIZE LEXGTH, SPALID AND DEFTH o
LIXATH(1)%0.0

oe COPICIENTH 07 wuu-nn FORCE EQUAT 10KS o
AL(D)®=TT (1) /5IN (REETA(1)) #COS (ROMEIACTY)

& BL(D)=TT (1) «COS(RBETA(1)) $S 1N (ROIIA (1))
B €1(1)aCOS (RBETACL) ) COS(AONEGA(D)

’

. ! .ml),Zl.wm).mmu),l!w.mnum)‘a.(looo).manzm)
18) .
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TH(1)9STN CREETACI) Y 91N (AIKEGA (D) ‘ -
. BCI)=TI(1)4COS CRRETACD)) *COS(DIEALD)) o B
©2(1)=COS(NELTACT) ) 51N (ROMEZA(D)) R

B ABCI)RTI(1)9C08 CRBETA(D))

D =SIARIACLS) \ B

+ EUILTBAI FORCE. ERuATTOnS Seves
FXCIY = 0ROV 02000 3. 149CToCD* CSTRI(D)#02) )
)

1 SAAIL .

ns=.|
I COSCRONEIA(D)-W > 0

« JURTH QROER
BOTCI)=DETALCT) , AZ(D),ABC), BICI) . B2(D), B3CI) ,C1(1).C2(D) , e
wn-u-mmn FY(D),FZ(1),B1 (D) ,B2(2) B3 CD), €4(D),€2¢D) , C3(D) -

’

m-u-mmm A2(1), A3 €D, IXLD) . FYCD,FECD) L CACD),CCD) . CB)
122

AT A3 D 3D, B20), lﬂx) FX(DL PV P2
o /OTCD ==
IFCL.ER.9W 10 14 » .-
MA(!OI)IIE‘IA(])'(AK(I)/I 1 .. J .
& L AMEGA(101)OEEGAC)+(@CD)/2.) LI § >
(I )T (RCD/2) - sy .
G0 T0 15
14, contnuz - .
. ll!rA(nH-!mAumlu) P’
—  NMEGACIeHOMEGA() (T . @ % \.
B ll'(l’l)‘"(l]‘l(!)

BETACI#1)SBETA (3) @ ((AX(1) $2.9AK(2) #2. oAX(8) *AK (4))/5.)9180.. /¢
OUEGA CJ+1)30MEGA () ((0(1)2.40(2) 2. 4Q(3)4Q€43)/8.)0180.. /3. 14
« T(e1)AT(NHR(1)92.9R(2) 42, 94(3) SR (4)) /8. Vo
- 147160098

7180.) 90 B -

44116

L14/100.
IeSTN CBETA(+1) #3 . 14/180. )oK
LENGTH (J1)sLENGTH ())oX
SPREAD (J#1)¥SPREAD (J)+Y

. DEPTHCJs1)sDEPTH ()L

L @Qepsae.n

= 10, CONTIRE < -~

c..}a..m;:um
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A EXPERIMENTAL NET mu‘mg,i .
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) Table B-1:

.
110 y

Net #1.0, a = 0°

7 -
V (m/s) - (e) 100 120 140 uo_ 180 200
NET/FRAME (mV) (+£48%)2000 3485 466 5723 7213 8005
FRAME (mV) (£48%) 2274 2000. 3885 4782 6L15 7448
NET (mV) _ (£2829) 628 785 941 941 1099 1157
NET (N) (£283%) 398 404 593 595 692 838

-' 'T;bl; B-2: Net #l.o;., =5
Vims) @ Too 1% 40 160 180 200
NET/FRM (mv) ¢ (L as9%) w22 320 5331 68.21 ' 232 05T
FRAME(mV) | (4.48%) 2352 5138 4155 5331 6664 82.32
NET(mV)  (4375%) 470 784 1176 1490 1568 17.25
*NET(N) (4376%) 206 404 740 037 ' 988 1086
B . Table B3y Net#10,a=10'
) (e 100 120 140 160 180 200
NET/I-‘RAME.(mV) . (;48%)30.00 5174 w,;r'i 90.16 100.18 I{BS
_PRAME(mV) |(£48%) 2352 3293 43.90 548876821 8487
" NET(mV) (11.&@1@54 JB8L %587 3528 4155 S0.18 -
NET(N) (;@Lss%)ﬁ_,oo' 18 1630 222 2017 380
B d
' )
) s



m

Table B-4:  Net #1.0,a=15" 2

V(m/s) - () 100 120 140 160 180 2.00 /

NET/FRAME (mV) (+.48%)40.77 58.80 78.40 10427 130.14 158.37

. v -
FRAME (mV) (+£.48%)22.74 31.38 43.91 5331 -67.42 §1.54
NET (mV) (+£1.24%) 18.08  27.44 3449 '5096 62.72 78.83

NET(N) ~ . (£1.286%)11.38 17.22 2227 3210 3050 48.39..

' Lo
Table B-6; 'Net #1.0,a =12

Vimis . (@ 100 120 140 160 18 200 .

- NET/FRAME (mV) (1.4‘3%);11.50 65.85 8181 11200 14280 HLOO '
ey . FRAME (mV) (tas’%)zsis?l 31.35, 4155 5410 6742 8a.11
\, : N'E"l‘blmV)_ .+ (£1.14%) 2117 - ﬁ'u.so‘ 626 5880 7527  87.89

NEwT-(N) (£1.16%)13.32 1864 20.13 3704 47.40 $55.30 0

Table B-8: Net #1.0,a =30"

1.00 1.20 1.40 1.80 1.80 2.00

Vwm o @,
. NET/FRAME A (£.48%) 47.04 ﬂ&sg 85.85 113.68 H?fﬂ 176.40
- - FRAME (mV) (£.48%) 25@6 32.14 42.34 5488 ' 68.21 81.54

NET (mV) ~  (£127%)2038 3372 43.51 5880 7448 -04.80
NET(N), '  (£120%)1283 2124 2740 3703 4602 5075




rloa nz * :

v

E . Table B-7: Net #10, 0 = 60°
V(m/s) - . (e): 1.00 1420)" 140 180 1.80 200 | °

) NET/FRAME (mV) (+.48%) 5445 7097 108.19 143.67- 180.32 225.79

FRAME (mV) (+.48%) 25.00 * 36.85 5253 B8.21 OL73 11280
" NET (mV) | (48%)203 B2 5506 7548 8850 112:00,
NET (N) '(i,.os%) 1075 9716 3508 4756 5580 7110
e Table B—Ox. Net #1.0, a = 00° )
< Vimfs) T (9 100 120 140 160 180 200
NET/FRAME (mY) (£46%) 6273 8038 12230 150.94 203,05 25147

4 FRAME(mY) . (£48%)3130 4077 $5.47 '83.10 105.08 12231
NET(mV) & [£L07%3L36 4861 6653 6718 o7.99 1208
NET (N) (£1.00%) 19.75 3061 424 4830 6172 8135°

"

Table B-9: Net #2.0, a=0"

Vm/a) @ 100 120 1 160 180 200
NET/Fm(mV) (i.c.s%) 2068 3763 507 6507 8310 10102
L v 'FM (mV)- 4 (+.48%) 22.74  30.58 " 40.77 51.75 - 85.85 80‘.75
‘NET (mV) (£420%) 392 705° 940 1332 1725 207
NET (N; i (iisﬂ%i 2.48 4.44 5.03 8.3‘8 10.86 . 13.33
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TableB:10: Net #2.0,a=5"

V(m/s) . (e 100 120

NET/FRAME (mV) (+.48%) 28.22 30.20

-FRAME (mV) (+.48%) 2352  31.36
NET (V) - (£375%) 470 7.4
NET (N) (£3.76%) 296 494

140 - 160 1.80
5331 6890 85.45
41.?5 53.31 ‘68.64
1176 1568 1881

J40 088 1185

2.00 .
107.41,
823

25.00

15.80

u

‘Table B-11: Net #2.0, a =10"

V (m/s) (¢) 1.\00,, 120

“NET/FRAME (mV) (4.48%) 36.08 5175

FRAME-mV) -  (£.48%) 2852 32.93
. NET (mV) (£1.65%) 12.54 1882
NET (N) " (£168%) 790 1185

140 160 180
7134 9251 112.89
4390 5488 6821
27.44 3763 (44,68

17.27 2370 2815

2.00
139.50 .
'84.87

54.83‘

3456

Table B-12: Net #20,0=15° .’

V (m/s) () 100 120

“NET/FRAME (mV) (+.48%) 4372 .94
FRAME (mV) (+£.48%) 22.74 iﬁe
NET (mV) (5:1.15",%)20438 3058
NET (N) (£117%) 1284 19.25

1400 160 180
83.10 10819 13485
4390 5331 67.43
3020 5488 67.42

24.69 3456 4246

2.00
166.21
8154
B4.67

53.33
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ot . Table B-13: Net #2.0,ac =20"
V(m/9 ' (;), 100 120 140 160 18 200
. NET/FRAME (V) (.48%) 47.82 60.78 0251 11760 14898 182.67
FRAME (mV) (£.48%) 23.52 . 31.38 4155 5400 67.43 83.10
_ NET (mV) (£1.05%) 3430 3842 5096 6351 SLSL 0057
NET (N) (£1.07%) 15.30 * 24.20 3208 4000 51.35 62.72

" Table B-14: Net #2.0, a = 30°
-+ V(m/s) - (e) 1.00- 1.20 i.-to 160 ‘180 200
NET/FRAME (mV) (+.48%)48.60 7134 ©7.92 127.00 160.70 107.58
FRAME (mV) (+48%)26.12 3140 4390 5378 7134 87.80
NET (mV) (£117%) 2248 30.85 5632° 7322 80.38 10076
NET (N). - (£1.19%) 15.80 24.82 3358 4483 57.08 69.13

, Table B-16: Net #2.0, 7=/ 80"
V (m/s) & () 100 120 /140 160 180 2.00
NET/FRAME (mV) (+.48%)61.94 88.59 121.52 158.36 202.27 2560.88
FRAME (mV) (1.48%)27.44 3842 5400 70.56 . 96.43 122.30
NET (mV) ~ (£.94%) 34.50 50.17 67.43 87.80 105.84 12858
NET(N) (£.96%) 2173 3180 4246 5530 es.ns. 80.98
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Table B-18: Net #20, a = 90°
Vm/s) (e 100 120 140 160 180 200

/FRAME (mV) (+.48%) 70.56 101.92 139.55 183.45 233.63 280.20

/FRAME (mV) (£.48%) 29.00 4469 61.94 00.04 12485 141.12
NET (mV) (+.88%) 41.56 57.23 77.61 02.51 108.98 1817
NET (N) (£.91%) 26.17 38.05 485838 58.26 68.64 03.33

~

‘Table B-17: Net #3.0,a=0"

V (m/s) © (o) 100 120 140 160 180 200

NE'E/FRAME(mV) (£.48%) 26.66 3763 5253 65.88 7683 02.51

FRAME (mV) ~ (£48%)2274 30.58 4077 5175 6585 8075
NET (mV) (£420%) 392 678 1176 1411 1098 1178
NET (N) (£4.30%) 247 445 742 888 692 743

Table B-18: Net #30,a=5"

V(m/s) () 100 120 140 160 180 200

NET/FRAME (mV) (+.48%)31.38 37.863 4861 6420 7840 07.22

FRAME (mV) (+.48%) 23.52 3136 4155 5331 60.64 82.32
* NET (mV)’ (£2.40%) 7.84 627 706 1098 1176 14.90
= NET (N) | (4241%) 494 395 444 692 742 9.37
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Table B-10: Net #3.0, a = 10°
Vim/s) - _ (e 100 120 140 160 180  2.00
NET/FRAME (mV) (+.48%) 3293 47.04 6272 81.54 10114 m\s,z
"FRAME (mV) (+.48%) 2352 32.93 43.00 54.88 6821 84.67
NET (mV) “  (22.06%) 9.41 1411 1882 2668 3203 3085
' N'ET\(N) (£2.07%) 592 888 u.ss‘ 1678 2074 23.21
i _ .
Table B-20: Net #3.0, a = 15°
V(ry/s) ) ) 100 120 140 160- T80 200
.N'ET FRAME (mV)  (.48%) 3450 5007 68.99 \90.16 11211 137,98
FRAME (mV) _ (+.48%) 22.74 31.36 4390 5331 67.43 8154
NE:[‘(mV) (£168%) 1176 18.81 2500 36.85 44.68 56.44
NET (N) (1.60%) 740 1185 _ 1580 2331 2815 35.55
TPable B-21: *Net #3.0, a = 20°
V (m/s) (e) 1.0 120 140 160 180 2.00
NEV'QFRAME (mV) (+£.48%)38.42 54.88 7134 04.08 117.60 141.90
FRAME (n:LV) (&.48%) 2;4.5& 31.36 - 41.55 5400 67.43 83.16
NET(m\)) ‘(j:}AS%) 1490 2352 2979 3990 50.17 58.81
NET (N) (£1.47%) 9.38 1481 1982 2519 31.60 37.03
. ~
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‘Table B-22: Net #3.0,a = 30"

V(m/s) () 106 120 140 180 180 200

NET/FRAME (mV) (+.48%) 30.20 57.23 76.23 00.57 122.30 15053

FRAME (mV) (£48%) 2352 3140 4396 5378 7134 8780

NET (V) - (£1.30%) 1567 2574 3208 4579 5098 6273
L

NET (N) / (£1.41%) 887 1630 2074 2765 3210 -39.50

Table B-23: Net #3.0, a = 60"

V(m/s) . . (e)- .00 120 140 180 180 7 2.00

NET/FRAME (mV) (+.48%)55.66 78.40 108:60 13877 17875 22110

FRAME (mV) + (+.48%)27.44 38.42 - 54.04 70.56 96.43 122.30
E NET (mV) | ' (£1.05%) 28.22 39.98 5256 6821 8232 08.79

* NET (N) (£1.07%) 17.77 25.18 - 33.08 42.08 5185 62.21

¢ TN / Table B-24: ‘Net #3.0, a = 90°

'-/'v“ 'V(:n/s) @ 1w 12 T®0 160 1% 200
NET/FRAME (mV) (.48%) 65:86 9565 13171 17091 21560 26499

- FRAME(m\\I) (+£.48%) 200 4469 6194 00.04 12465 14112

B y  NET (mV) ' (£..93%) 36.86 50.96 69.77 7007 0095 12387 i -
NET (N) (£.05%) 2321 3208 4395 50.38 5128 13.01' -
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Table B-261 Net #4.0, a =20, 0 = 43°

V(m/s) (9 100 120 140 160 180

700
“N‘E‘r/FRAME (mV) (£.48%)36.85 5174 6899 80.37 11133 136.42
FRAME (mV) (*‘8%) 2352 31.36 41.55 5400 67.43 83.10
NET (mV) (£L57%) 1333 2038 2744 3528 4390 5332
NBT(N) (£1.58%) 8.40 12.84 17.28 2222 2765 33.57
Table B-26: Net #5.0, a = 20°, 0 = 48°
V (m/s) () 100 - 120 140 160 180 - 2.00
NET/FRAME (mV) (£48%) 3450 4861 65.07 8310 10427 13858
FRAME (mV) (£48%) 2352 3138 4155 5400 6743 83.10
NET (mV) . (+£1.82%) 10.98 17.25 2352K 20.01‘ 36.84 4547
NET(N) - (£1.83%) 691 1086 1481 1827 .2322\ 2864
Table B-27: Net #o.oy( —20°,0=80"
Vm/s) "~ (9 10 120 140 160 180 200
NET/FRAME (mV) (+48%)3136 4390 50.58 7683 o7.22 11017 .
FRAME (mV) (£.48%) 2352 31.36 4155 5409 67.43 8310
NET (mV) (£2.40%) 7.84° 12.54 1808 2274 2070 36.07
NET (N) (4241%) 493 700 1L38 1431 1876 2272

Yo .
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Table B-28: Net #7.0,a =20",0=179"

V(m/s) () 1.00 120 140 160 180 200

NET/FRAME (mV) (+.48%)32.14 4547 6115 7840 9878 12074

\r ~  FRAME (mV) (+£48%)23.52 31.38 41.55 54.00 67.43 83.10
' NET (mV) 1&2,21@2 1411 19.60 2431 3135 37.64

NET (N) . (£2.22%) 543 888 1233 1530 1077 2370

Table B-20: Net #4.0, a = 00°, 6 = 43°

V (m/s) (). 100 120 140 160 180 200

_ NET/FRAME (mV) (4.48%)5802 83.89 116.82 152.00- 190.51 243.04
FRAME (mV) (£48%)20.00 4460 6194 90,95 12465 141.12

NET (mV) (£1.07%) 2002 30.20 54.88- of14 6586 1002 25
,L’f\l'ET(N) |- (£109%)1827 2408 3450 3851 4147 6418

Table B-30: Net #5.0,a =90°, 6 = 48"

V (m/s) - (e) 100 120 140 160 180 200 -

NET/FRAME (mV) (£.48%)57.23 8467 '116.82 148.96 188.18 230.50

FRAME (mV) (+.48%) 29.00 44.60 61.94 0095 124.65 141.12

NET (mV) (d:LO‘V%) 2823 3098 54.88 5862 63.51 89.38
s i "

NET (N) (£1.11%) 17.77 2517  34.58 36.54 39.98 59.25




. Table B-31: Net #6.0,a = 90°, 6 = 60°

120

V(m/s) e) 100 120 140 160 180 200
NET/FRAME (mV) (+.48%) 64.20 96.43 130.14 169.34 216.38 271.26
FRAME (mV) (£.48%) 20.00 4460 6194 00.95 124.65 14112
NET (mV) (+.95%) 35.20 5174 6820 7840 0173 130.14
NET (N) (£97%) 22.22 3259 4205 49.38 57.77 8196

b .
<

s
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