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SUMMARY

As a follow-up of the experiments on rope trawls during November
1977 on RSV "Tridens" similar experiments were done in November
1978, involving the same rope trawls (nets A, B and C) and a
rope trawl with a heavy cod-end for blue whiting fishery (net D).
In order to compare the performance of these rope trawls with the
conventional type of pelagic trawl, the original trawl, from
which the design of the rope trawls was derived, has also been
tested.

The experiments were done in co-operation with the Marine Labo-
ratory of Aberdeen (Scotland) and the White Fish Authority-
Industrial Development Unit, Hull (England), which institutes
supplied staff and, in the case of the first mentioned also a
considerable amount of instruments.

In order to overcome some problems, encountered on the 1977 ex-
periments, several measurements of speed were taken simultaneously
and the Suberkrub doors have been checked thoroughly.

"In addition a set of symmetrical Suberkrub doors of the same size
has been tested. These doors have the advantage of being inter-
changable between the port and starboard side.

The trials technique was modified in comparison with 1977.

It became standard procedure to have at least five different
speed values for each haul and less variation in warplength
(mostly just one value per haul). Also it was decided to do
measurements on reciprocal courses to take the effects due to
tide and currents into account.

Beside the rope trawl tests some experiments were done with the
vessels' warps to determine the drag coefficients.

For these tests a length of 1000 m was used. There was no load
on the lower end of the warp. The resultant force and the decli-
nation angle were measured at various speeds up to six knots.

The pressure drag and skin friction coefficients obtained from
these experiments were used in the calculations to analyse the
results.

The difference between the performance of the rope trawls and
the conventional ohe seems to be quite small and very sensitive
to some parameters of the rigging in particular the bridle weights.
The best swept volume index was achieved by the rope trawl with
floatation on the headline and 750 kg bridle weights, while with
600 kg weights the conventional trawl showed the best results.

In order to create a rope trawl, suitable for the Dutch fishing
industry, a design should be made and tested of a bigger trawl
(2700 meshes). The fishing efficiency of this kind of trawls
should be tested by comparative fishing experiments.

Most of the questions that will arise from these experiments can
only be solved by direct observation.

It is recommendable to involve the use of low light television
camera's in future research trips.



I. INTRODUCTION

Several problems were encountered during experiments done with
rope trawls on the RSV "Tridens" in November 1977.

From heel and pitch readings it showed that the Suberkrub doors
were not behaving properly. Also it was found that there was a
great amount of scatter in the data. In particular the speed
readings of the Doppler log did not seem to be very accurate.
In order to overcome these problems it was decided to do some
more experiments with the same nets as used on the 1977 cruise
and on the same co-operative basis involving both the Marine
Laboratory (Aberdeen) and the White Fish Authority (Hull).

The main objective of these experiments was to extend the
amount of data on these rope trawls.

In addition some new configurations were tested such as a rope trawl
with a heavy cod-end for blue whiting fishery, and a new set of
symmetrical Suberkrud doors.

The claim of the rope trawls having considerably less drag than
conventional ones has not been checked thoroughly in the past
and therefore the performance of the fully meshed trawl, from
which the rope trawls were derived, was also analysed.

The reading of the instrument traces and the analysis of the
data have been done both at the Netherlands Institute for
Fishery Investigations and the Marine Laboratory Aberdeen, which
computer facilities were used like with the analysis of the
results of the 1977 tests.



2 EQUIPMENT AND MEASURING TECHNIQUES

2.1 Gears tested

On this trip the same trawls were tested as on the November

1977 cruise, namely:

Net A Rope trawl with meshed upper square;

Net B Standard rope trawl;

Net C : Rope trawl with floatation on the headline.

In addition the standard rope trawl was fitted with a heavy

cod-end for the blue whiting fishery (see figure 2.4 )

This version is denoted as Net D.

In order to compare the drag and the geometry of the rope

trawls with the conventional fully meshed trawl, it was derived

from, some tests were included with the original 1637 mesh

pelagic trawl, that will be referred to as Net E (see figure 2.9)

A more detailed description of these gears is given in (1).

Two types of Suberkrub doors.were tested.

Type I (3.50%x1.36 m) 4.76m” asymmetrical doors as used on
the cruise of November 1977. These were checked on
dimensions and centre of gravity. Slight deformations
were corrected. >

Type II (also 3.50x1.36 m) 4.76 m“ symmetrical doors (see
figure 2.7 ). The great advantage of this type is the
possibility to use them on both port and starboard side.
Instead of with two spare doors as usually taken one
tan cover the loss of either of the port or the
starboard door with just one spare. The performances
of these doors are compared by analysing the results
of hauls T78/14,15 and T78/22,23.

The rigging and its dimensions are given in figure 2.7

* o8 o0

2.2 Trials technique

Table I summarises the parameters varied and the instrumentation
used on this cruise.

Parameters varied:

1)’ Warplength (450)-550-650-(750)-(850) metres
2) Bridle weights 600-750 kgf (5886-7357.5 N)
3) Horse-power setting 600-1400 hp (441.6 kW-1030.4 kW)

The trials technique was somewhat different from the 1977
experiments.
- On most hauls reciprocal courses were used in order to
take the effect of tide, currents and waves into account.
Although the speed at a certain hp-value differs quite
a lot from one course to another the H/L centre depth
readings indicate a minor difference in speed, certainly
less than 0.1 knots. In the analysis the results of
reciprocal hauls are combined in the regression formulae.
- Except for the repeated hauls of November 1977, the hauls
were mostly done with only one warplength for a range
of speeds.
The difference between two adjacent hp-settings is made
as big as possible to be able to distinguish the load
cell traces.



2.3

The influence of extreme warplengths was tested on haul
T78/10, where the warplength was increased to 850 m in
steps of 100 m.

In one occasion the point of attachment of the warp to the
door was varied (see figure 2.7)

Instrumentation (see figure 2.6)

The instruments used are described in (1)%
There were some additional instruments on this cruise:

An impeller log, mounted on the port side of the vessel.

A time counter to measure the interval between two readings
of the mile-counter of the Doppler-log, one taken at the
start of a block and the other at the end.

From these readings the average speed can be derived for
each block of measurements.

An angle of attack meter mounted on the top of the star-
board door near the leading edge.

This instrument could be connected with the heel/tilt/depth-
meter on the door to ensure the recording of the signal

on a cassette tape.

Four small load cells (500 kgf) were used to measure the
forces in some ropes of the upper panel (see figure 2.8)
The multi-netsonde arrangement was extended with two
channels to measure the height and the spread of the
section where the ropes are connected to the netting.

Two Japaneze depthmeters were used to measure the depth

of the upper wing-ends.

(1)* "Rope trawl development", B. van Marlen, April 1978

ke



2.4 Data Analysis

The quantity of data collected was sufficient to provide more than one
estimate of certain parameters, and the data presented in this report
represent the best estimates after cross checking where appropriate. In
other cases when insiruments failed or produced dubious results, it was
sometimes possible to obtain calculated values for the missing measurements
based on the data recorded for related parameters,

The depth of the port door was measured by a self-recording angle/depth meter
and also by a netsonde transducer. The starboard door depth was only measured

by a self-recording meter, Since the netsonde readings were considered to
be the more accurate, they were used to calibrate the self-recording meters.
The regression equations obtained to give the depths in metres were:—

Red meter: actual depth = 0.974* (indicated depth) - 1.31

Yellow meter:actual depth = 0.983* (indicated depth) + 0.16

For some hauls no measurements of the sideline spread were obtained, and
calculated values based on wing-end spread measurements have been used
instead, Sideline spread measurements from other hauls with the same net
were used to calculate a regression on the wing—end spread, and this
regression equation was then applied to calculate missing data points.

The trawling speed was measured by a towed propeller log and also by timed
readings of the distance indicator on the shiﬁsDoppler log. The towed log
was calibrated against the Doppler log during the first few hauls, and the
average of the Doppler speed and the calibrated towed log reading was used
as the best estimate of speed. This estimate was also checked against
readings from the "Tridens™ Hewlett Packard Recorder which was connected
to the Doppler instrument. Thus the Doppler log was used as the primary
speed measuring instrument, but the use of the independent towed log helped
to reduce the digital measurement error inherent in the reading of the
Doppler distance indicator.

The deck-tension meters were calibrated three times during the cruise,
first before measurements began, then in mid—cruise and finally at the end
of the tests,

The starboard cell showed a large shift between calibrations (up to 18%
at 6 tonnes load) but the port cell had a better performance (calibration
shift ca 8% at 6 tonnes load).

It should be borne in mind that a frequent calibration of the load cells

is of vital importance io the quality of the resultis obtained. If possible
this calibration should be done in port to reduce the effect of ship
movement and to ensure better accuracy,

For hauls T 78/1-8, the first calibration (9 November 1978) has been
used, for T 78/9-17 the second (20 November 1978) and for T 78/18-23,

the last one (24 November 1978). This was decided from an examination of
the zero shifits between hauls since a large zero shift would suggest the
likely time of a change in the instrument calibration.




The IPTAR8 suite of programs used to analyse the data is essentially

the same as that used after the 1977 tests reported in reference 1,

The programs use measured data to calculate for example the net drag
vwhich is the sum of horizontal components of the sweep tensions. Tables
produced by IPTAR8 - now include additional columns for the section spread
and height, and for the starboard door angle of attack which was measured
in 1978 for the first time. The programs have also been amended to
calculate warp drag coefficients from the formulaedescribed in section 6
below.

The wing—end depth is required for the calculation of gear geometry. Since
this parameter was not measured directly, it has been assumed to be the
same as the headline centre depth, except for net C where the floatation
would be expected to 1lift the headline, In the latter case, the wing—end
has been assumed to be 1lm below the headline centre.



3 COMPARISON WITH PREVIOUS RESULTS

In order to compare the measurements taken in November 1977 and
November 1978 the horizontal netopening and the headline height
are plotted for nets A, B and C in figures 3.1 - 3.5 )

For net A the results agree very well, the horizontal netopening
being slightly smaller, while the headline height does not
appear to be notably different.

The horizontal netopening for net B seems to be appr. 4 m smal-~
ler for the 1978 experiments but the headline height is in good
agreement.

Net C appears to be more sensitive to shooting and hauling.

In general the horizontal netopening is somewhat smaller for the
1978 trials, which is probably due to the door spread being
slightly bigger for the 1977 experiments.

There is a fair amount of scatter in the data, partly because
the resultis for all the different warplengths are plotted in

the graphs.

Especially during the 1977 cruise the warplength was varied over
quite a range (from 450 m up to 650 m).

Conclusively one can state that the results are well reproduced
during the latest trials taking in mind that it is very hard to
avoid any small changes in the setting of a fishing gear from
one haul to another.



4. COMPARISON OF THE VARIOUS KETS TESTED
4.1 General

Tables IV - XXI 1ist the most significant measured data and computed performanc
parameters for each haul. In figures 4.1- 4.48 each graph shows the results
for all hauls on which a particular net was used with each haul indicated

by a different symbol. While all the results are listed in Tables IV - XXL

a few cases which are clearly anomalous have been omitted from the graphs

and these cases are indicated by an asterisk in the tables,

A linear regression analysis has been used to express the dependence of

the main performance parameters upon speed, The actual variation of most
parameters with speed may well be non-linear, but scatter in the data and

the narrow range of speeds tested do not allow the form of such relationships
to be determined explicitly, However, the linear relationships worked out
by regression analysis can be regarded as reasonable descriptions of how

the gears behave in the range of speedstested and within the constraints

of experimental error., Results which are clearly anomalous have been omitted
from the calculation of the regression lines shown on the graphs.

The regression equations have been used to calculate best estimates of the
main performance parameters at 4 and 5 knots which are listed in Tables I ,II
for all five nets. Also, in the case of drags and swept volume indices,

the regression lines for all the nets have been plotted together in

Figures 4.6;4,74.42;443, Thus tables I ,XI and figures 4.6;4.7;4.42 ;4.43
present a sumary of the results for ease of making comparisons between the
di fferent nets,

4.2 RNet and Gear Drags

Figures 4.1 to 4.5 show the drag results for each net, Any dependence

of the drag on the bridle weight has been obscured by scatter in the data,
so the results for both bridle weights have been combined in calculating the
regression equations., The net drag regression lines for all the nets are
plotted in Figure 4.7 , and similarly the gear drag in figure k.6. -

Variations in drag between the five nets tested appear to be marginal. At
5 knots, the standard rope trawl had the lowest net drag (10.19 tonnes),
and the conventional pelagic trawl had the highest drag (12.14 tonnes),

a range of only 18%. Since no significant difference in drag was found
between nets B and D it is concluded that the effect on the total net drag
of greatly increasing the codend size is negligible, although as described
below there does appear to be a significant effect on the opening area of
the nets.

Comparison of the results for nets A and B shows that the use of a meshed
square in place of the top rope panel increases the drag, at least at the
hjgher speeds, At 5 knots, the net A drag is ';.ﬁ% more than that of the
standard rope trawl and it is even slightly higher than the drag of the
rope trawl with floatation. At 4 knots, however, the differences in drag
between nets A, B and C are much smaller. Thus the drag increase in

the case of nets A and C relative to net B only appears to be significant
at the higher speed.



The total drag of a rope itrawl will be the sum of contributions from the
rope and the netting sections, The angle of incidence of the ropes to the
wateg flow, calculated from height and spread measurements, is in the range
5~10 « The drag on the ropes at such small incidence angles will be almost
entirely due to skin friction forces., The value of the skin friction
coefficient (C ) appropriate to polypropylene ropes is uncertain, but
using a value of 0.027 which would apply to stranded wire cable, the

drag contribution of all the ropes in net B has been calculated to be

0.29 tonnes at 4 knots, This is less than 3% of the total drag of net B,
and while the calculated rope drag can only be regarded as a rough estimate,
it is clear that the total drag of the rope trawl is almost entirely due to
forces on the netting sections,

The cross—section area of the netting twine in net A is 16% more than that
in net B because of the meshed square, a proportion of the same order as the
increase in drag noted above., It is reasonable to assume therefore that the
higher drag of net A arises from the contribution of the meshed square which
has much more drag than the corresponding rope section.

Net C also has a high drag relative to that of the standard rope trawl.
This result is explained by the effect of the floatation which increases
the mouth area and hence the average angle at which the netting is inclined
tothe flow and by the resistance of the floats themselves.

Theory suggests that the gear and net drags should be proportional to a
power of the speed between 1 and 2. While the drag of a rigid
body may vary as speed squared, the reduction in the frontal area of a net
should lead to a less rapid increase in the drag with speed. A comparison
of the results in Tables Ir , OT at 4 and 5 knots suggests that the
power of speed appropriate to each net would bes~

Net A B C D E Mean

Net Drag 1.63 1,06 1.33 1.30 1.37 1.34

Gear Drag 1.28 0.91 1.33 1.12 1044 l.22

The mean value of 1,34 in the case of net drag is in good agreement with
previous resulis for other gears, and we note that there is no significanot
difference between the resultis obtained for the conventional pelagic gear ~
and the rope trawls. The powers of speed indicated for gear drag are
rather low however, except for nets C and E, which may be due to erratic
behaviour of the otterboards,

4.3 Net Geometry

The measured headline heights of each net are plotted in Figures 4.8 to 4.12
with separate regression lines showing the different effect of 600 and T50kg
bridle weights. The sideline spreads are plotted in Figures 4.13 to 4.17
but the bridle weight was found to have no significant effect on the
horizontal opening and so all the sideline spread data have been used to
compute one regression line for each net.

-9~



The sideline spread does not vary much with speed in any of the nets
tested with the exception of net E, where it tends to increase more
rapidly with speed.

It is around 27 m for all the rope trawls, and about 31 m for the
conventional pelagic trawle. There is of course a marked reduction in the
opening area of all the nets as speed increases, and this is due almost
entirely to the reduction in headline height.

The headline height of the conventional pelagic trawl at 4 knots (20.2m)
is much more than that of net B, but it decreases more rapidly

with speed, down to 14.9m at 5 knots which is nearly the same as that of
nets A and B, Comparing nets B and C, the use of floatation with 600kg
weights has increased the headline height by 3.7Tm at 4 knots and 1.9m at
5 knots, On the other hand, the use of a meshed upper square does not
appear to improve the headline height which is quite similar between
nets A and B.

The large codend net D with 600kg weights has a headline height 2.4m
lower than the standard rope trawl B at 5 knots, but at 4 knots the heights
are nearly the same,

The cross-section areas at three positions (wing-end, headline centre and
net section) are plotted in figures 4. 18 to 4.26 for each net and bridle
weight combination.

The wing—end area of all the rope trawls is much greater than the headline
area, in contrast with the conventional trawl in which these areas are
quite similar especially with 600kg bridle weights., This suggests that the
surface shape of the rope trawls is flatter than that of the conventional
trawl, implying that ropes in the forward part of a net are less able to
support the vertical headline opening compared with a fully meshed net,
but this deficiency can be compensated by the use of floatation and/or
additional weight on the lower wires, It is relevant to note in this
context that the flatter shape of the rope trawl may be an advantageous
feature, since sudden changes in the shape of a net may prompt fish escape
reactions,

A comparison of the resulis for nets B and D shows that the larger codend,
while having little effect on the wing-end area, does appear to constrict

the body of the net. At 5 knots, the wing-end area is reduced by only 2%,
while the headline and net section areas are both reduced by some 16%, when
the larger codend i8 used on otherwise similar nets, The total drags of
nets B and D are much the same, as noted above, but the distribution of
stress along the net must be quite different in the two cases, It is
reasonable to suppose that the larger codend applies more force to the body
of the net, thus constricting the body so that the main netting sections have
less drag, resulting in a similar total drag for the codend plus net,

Increasing the bridle weight from 600 to 750kg has little effect on the
headline opening area of the conventional trawl, although the wing—end area
is improved by 9% at 4 knots. The effect of the same weight increase on the
rope trawls is more dramatic however, and the wing-end and headline areas
are both increased by some 15% at 4 knots. At 5 knots the increase in
opening area with weight is much less, except in the case of net D where

the extra weight appeared to counteract the constriction due to the large
codend at all speeds.

-10-
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The addition of floatation also improves the opening areas. Nets B and C
are similar except for the headline floatation on the latter (190 floats
having a total buoyance of 330 kg). Comparing the resultis for these iwo
nets, the floatation increased the headline area by 15% at 4 knots and

10% at 5 knots. The wing—end areas also increased by similar proportions.
It will be seen from these results that the addition of 300 kg in the total
bridle weight gave thesame improvement in headline opening area at 4 knots
as 330 kg of floatation, but the floatation better maintained the opening
areas at higher speeds.

4.4 Relative Position of Net and Doors

The average height of the otterboards above the headline centre is plotted
for each net in Figures 4.27 to 4.31, and separate regression lines have
been calculated for the 600 and 750 kg bridle weight cases.

For all the nets tested it was found that the headline centre was always
rather deeper than the otterbga.rds, indicating a vertical angle of the

upper bridle in the range 3-9 . Such a configuration would be expected

on account of the total bridle weight being a significant fraction of the

net drag. All the nets fished even deeper relative to the boards, on average
some 3m deeper, with the heavier weights,

It was also found that the two doors tended to fish at different depths,

although both were almost always above the headline centre. In most cases

the port door, to which a netsonde cable was attached, was above the starboard
door which had no such attachment, These cases might be explained by the
1lifting effect of the netsonde cable, but for some hauls when the reverse
applied (port door deeper) no obvious explanation for this asymetrical
behaviour has been found. To put the matier into perspective, the measured
differences between the depths of the two doors were quite small compared

with other dimensions of the gear, and they would imply differences in the
vertical angles of the upper bridles of no more than a few degrees. Thus §
the effect of asymetiric otterboard behaviour on the performance of the
net should be quite small, ;

Comparing the results for 600 kg weights, it will be seen that nets B and D
fished some 13m below the average door position, while the height difference
for nets A, C and B is only 6.5m. The height difference decreases with
speed except in the case of net E when it increases slightly between 4 and
5 knots. It would be expected that the increase in net drag with speed
should raise the net relative to the doors, and the anomalous result in the
case of net E with 600 kg weights is probably due to scatter in the data.
The results do correlate sensibly with the conclusions on net drag, since
nets B and D have a lower net drag than the others at 5 knots (a.lthough

the differences are less significant at 4 knots).

4.5 Headline depth

The depth of the headline centre is plotted for each net against speed
in Figures 4.32-4.36, and the effect of bridle weight is shown by the
separate regression lines calculated for the 600 and 750 kg cases. These
graphs are not directly comparable for the different nets since the warp
length is not always the same, The data for nets B and D relate to

650m warp, and those for the other nets to 550m warp. An approximate
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comparison can be made by reducing the indicated depths for the longer
warp length by 14% to provide estimated values at 550m warp. This leads
to the conclusion that at 4 knots and for the same warp length, nets B and
D would fish at about the same depth as net E and some 15% lower than the
other rope trawls.

It should be noted that the headline depth is not only determined by the
properties of the net, since 1lift forces generated by the doors will also
affect this parameter. The depths of the four rope trawls A-D at the
same speed and warp length correlate sensibly with the net drags, but the
conventional net E fishes deeper than would be expected on account of
its higher drag. This suggesis that the 1lift forces generated by the
doors are less in the case of the rope trawls,

4.6 Swept Volume Index

The swept volume index, a measure of the mechanical efficiency of each
net, is plotted in Figures 4.37 to 4.41 ., Separate regression lines are
shown for the two bridle weights, combined in figures 4.42, 43 for all nets.

The results show that the heavier bridle weights greatly improved the

swept volume index of all the rope trawls, by 30% or so at 4 knots, but they
had no significant effect on the conventional pelagic net. In fact, with the
600 kg weights, the swept volume index of the conventional net is higher than
that of the rope trawls in most cases, and the reverse is true with 750kg
weights, The best performance was found in the case of the rope trawl

with floatation (net C) and 750 kg weights whose swept volume index

compared with the conventional net E was 18% higher at 4 knots and 13%
higher at 5 knots. :

With the 600 kg weights, the swept volume index for net A is about 10%
lower than that of the standard rope trawl at all speeds., The heavy codend
net D has a very similar index to the standard net at 4 knots but a much
lower value at the higher speed. With the 750 kg weights, net A had the
lowest swept volume index of all the gears tested. No data were obtained
for the standard rope trawl with the heavier bridle weighis.

L.7 Towing power

In figures 4.44,48the shaft horsepower and the gear horsepower, indi-
cating the work to be done to drag the gear through the water, are
given. The gear horsepower seems to be approximately 25% of the
power delivered to the propeller shaft of the ship. The rest is
used for the propulsion of the ship's hull and superstructure through
the water (including the effect of wave- and wind resistance).

The scatter in the shaft h.p. is caused by different weather con-
ditions and also by the course of the vessel (following seas or
head seas).

The standard net (B) has the lowest values of gear h.p. and the
fully meshed trawl (net E) the highest ones.

The values of the other nets-are in between, as can be aspected
from the drag-curves.

-12-



S OTHER RESULTS

5.1 Comparison of two types of Suberkrub doors

The performance of the two types of doors (I = asymmetricalj
II = symmetrical door) can be compared for haul T?78/14,15 and
haul T78/22,23 (see Table I, and figures 5.1 and 5.2).

There seems to be no significant difference in the door spread
and wing-end spread values.

The angles of heel are slightly smaller (2°-3°) for type 11
and the tilt angles of this type are bigger for the starboard
door, but not at all for the port door.

The angle of attack for the starboard door seems to be some-
what bigger for type II.

In conclusion one can state that the difference in performance
of both types of doors is very small indeed. The advantage of
reducing the necessary amount of spare doors by making them
symmetrical and therefore interchangable is however worthwhile.

5.2 Effect of warp attachment point on the behaviour of the doors

A variation of the point of attachment of the warp to the door
(type I) was done in haul T78/12 and 13. The attachment point
closest to the surface of the door (a2) leads to better results
for the full range of speeda (see figure 5.3).

The spread of the doors is increased with ca. 3.75 m in compari- -
son with the middle attachment point (b2).

The wing-end, headline and section spread prove to be ca. 1 m
bigger.

The angle of heel shows no significant difference for the various
attachment points both for the port and the starboard door,

while the tilt angle is smaller for the position denoted as a2.

A peculiar effect is the increase in the angle of attack for
position a2 in comparison with b2.

From the door spread traces it can be seen, that the variation
in spread is much smaller for a2. This indicates the doors to

be hydrodynamically more efficient in this case.

The b2 attachment point probably causes the doors to be at a
"near-stall" attack to the flow, although the average angle of
attack is bigger for a2.

5.3 The effect of increasing warplength on door and net spread

In (1) it is indicated that a maximum obtainable spread of the
door will exist when increasing the warplength to extreme values.
This has been checked in haul T78/10. The warplength is increased
by steps of 100 m, starting at 550 m and ending at 850 m, at a
nearly constant speed of 3.75 kn.

The doorspread increases from 88 m at 550 m warplength to 97.5 m
at 850 m. From figure54 it can be seen that at 850 m the maximum
value is almost reached.

The wing-end and sideline spread follow the same pattern, achie-
ving near maximum values at 850 m warplength.

The increase in doorspread is well transferred to the net, the
wing-end spread, being the most sensitive of both parameters

has an increase of approximately 3 m.

The sideline spread is increased with 2.0 m.

For all of thége measured parameters the maximum increase is
found from 650 m to 750 m warplength.

-13-



5.4 Load measurements in some ropes

Small self-recording load-cells (500 kg) were placed in four ropes
of the starboard side panel during hauls T78/16 and 17.

Their exact position is given in figure 2.8

From top to bottom they are in ropes 1, 3 » 7 and 9. These ropes
were shortened to compensate for the length of the load-cells.

The results of these tests are plotted in figure5.5 including the
upper and lower sweep tensions T3US and T3LS (for the lower

sweep also behind the bridle weights T6S).

The upper sweeps take more load then the lower ones (about 0,5 tonne
at 5 knots), which is also transferred to the ropes in the side
panel (T751 and T7S3 are higher than T7S7 and T7S9).

The distribution of the load of the ropes seems to be asymmetrical
for the sidepanels, with the upper part heavier loaded.

This conclusion coincides with the results of the rope-elongation
tests of November 1977 (T77/7).

-14-



6 WARP DRAG EXPERIMENTS

The hydrodynamic forces acting on the trawl warps contribute to
gear drag and they also influence the horizontal opening of the
gear. These forces cannot be estimated accurately from
measurements while towing a gear, since the calculation depends
upon the small difference between the towing loads at the upper
and lower ends of the warp.

An experiment was therefore carried out using a 'streamed' warp,
that is to say a length of warp towed with no load on the lower
end, to provide more reliable data on the hydrodynamic forces.
In this case, only the hydrodynamic forces and the weight of the
warp in water contribute to the towing load at the ship.

The resultant hydrodynamic force is composed of (1) the pressure
drag, which acts normal to the warp and in the plane containing

the warp and the direction of motion, and (2) the skin friction

drag which acts opposite to the direction of motion. According to
the usual practice, these force:components are expressed in terms

of dimensionless drag coefficients based on a characteristic length.
The pressure drag coefficient C, is based on the warp diameter, while
the skin friction coefficient C_ is based on the warp circumference.
The forces and the coefficients are related by the equations;-

Pressure drag/unit length = %p‘CdD(V sin 0 )2
Skin friction/unit length = 3pC f'erVZ

Where p is the density of seawater, D is the warp diameter, V is the
towing velocity and 6 is the declination angle.

The maximum length of warp (1 000 m) available from one of the
*Tridens' winch barrels was towed at variocus speeds up to 6 knots.
The load at the top end was measured by connecting a strain gauge
tension meter to the warp, and a pendulum angle meter was attached
to the warp to measure the declination angle.

It was found that the pressure drag and skin friction coefficients
could be expressed as functions of the towing speed according to the
following equations where the speed V is in knots:—

Cd = 211 = 0.1517 V

0.0611/v1+2

c

f

The *Tridens' warp had a nominal diameter of 26 mm, while the

average diameter from measurements on a number of samples was

24.1 mm.  The difference between the nominal and actual diameters

is assumed to be due to the warp having been compacted by use.

The weight in air was 2.2 kg/m, and the weight in water was 1.72 kg/m.
The streamed warp experiment and the derivation of these equations
will be described more fully in a later report, but the results

have already been applied in the analysis of gear performance data
presented in this report.
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7. SUMMARY OF CONCLUSIONS

7.1 Performance measurements were made over two separate hauls for each
net and bridle weight combination. There was a fair amount of scatter

in the data but the most significant discrepancies were found in comparing
one haul with another or when the warp length had been changed, These
results cannot be explained by measurement error alone, and they suggest
that large pelagic gears may settle into different configurations depending
on how the gear was short or following the gear being disturbed for example
by changing warp length. Nevertheless, meaningful performance comparisons
can be made using averaged results for each net, and for this purpose
regression equations were computed to show the variation of the most significant
parameters with speed.

7.2 Using the swept volume index as a measure of the mechanical efficiency
of each net, the best result was achieved by the rope trawl with floatation
and 750 kg bridle weights, The index for this trawl compared with that

of the conventional pelagic trawl was 18% higher at 4 knots and 13% higher
at 5 knots, On the other hand, the rope trawls without floatation and
those using 600 kg bridle weights had a lower swept volume index than the
conventional trawl, primarily because the smaller mouth opening area of the
rope irawls more than offset the reduction in drag.

7.3 The use of ropes in the forward parts of a trawl appeared to be less
able to sustain the vertical opening compared with a fully meshed net,
although the opening can be increased by adding floatation or heavier bridle
weights. This effect resulted in the surface shape of the rope trawls being
flatter, that is to say the angle of incidence of the various parts of the
trawl to the water flow was more uniform, compared with the fully meshed
trawl, The flatter surface shape could be an advantageous feature in
applications where fish are likely to react to changes in the netting

angle of incidence.

T.4 The rope trawl with the meshed upper square had a poorer mechanical
efficiency than the fully roped trawls., The drag of the former would be
significantly increased by the coniribution of the meshed square, but there
Was no evidence of any compensating improvement in the opening area.

7.5 The large codend of net D did not cause a significant increase in the
total net drag, but it had the effect of constricting the body of the trawl
particularly at high towing speeds. Thus the expected increase in drag
arising from the large codend must have been offset by a reduction in the
drag of the body of the net compared with the standard rope trawl.

7.6 Measurements were made of the hydrodynamic force coefficients
appropriate to the "Tridens™ towing warps. Both the pressure drag and
skin friction coefficients were found to decrease with speed, and the
results have been applied in the analysis of data presented in this report.

7.7 Measurements of heel/tilt and attack angles of the doors (attack
only on starboard side) indicate a far better behaviour of both doors
on these trials. In some cases the heel angles show to be excessive
(over 45 degrees) especially at high speeds. The lifting effect of
the doors will be quite considerable at these heel values.

The tilt angles show to be positive in most cases (=~ 10°) having

the doors leaning backwards. Only net E has small tilt values (even
negative).

The angle of attack was measured on the starboard side only and

always positive (from 20°-40°).
16~




7.8 The question whether the use of rope trawlswill be suitable

for the circumstances found in the Dutch fishing industry can not
be answered from these experiments slone, although the results do
indicate a fair chance for these nets to be useful. Especially
the configuration of a rope trawl with heavy bridle weights (750 kg)
and floatation on the headline seems to be successful.

7.9 From actual fishing test however, it was not found that the
rope trawls do have a better fishing efficiency. There are indi-
cations, that fish escape by diving through the ropes of the lower
panel.

Experiments of fish reactions to this kind of trawls therefore need
to be extended. It is hopeful to note that a remote controlled towed
vehicle carrying low-light television camera's is under development
at the Marine Laboratory (Aberdeen).

Such a device would create the possibility of observing fish reac-
tions at normal trawling conditions without the restrictions on
speed, depth and duration of observations put upon the use of divers.

7.10 The design of the 1736 meshes pelagic trawl and the derived
rope trawls was initiated some years ago when this size of trawl

was quite commonly used in the Dutch fleet. The size of ships and
gears has been extended since.

As a follow-up of these experiments one might choose the design and
testing of a bigger rope trawl (2700 meshes) more suitable to today's
large stern trawlers.

711 Apart from the goal of designing a suitable rope trawl with

the advantages of having less drag and the possibility of fishing
close to the bottom without heavy net damage, another result came

out of these tests, namely the improvement of measurement techniques.
Not only did the amount of parameters measured increase considerably
over the past two years, but also some basic procedures did receive
the attention they need such as a frequent calibration on instruments,
like deck load cells for instance.

The trials technique improved by sailing reciprocal courses in order
to eliminate tidal effects and by having at least five different
speed settings during each haul.

-17-
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