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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 Siiberkrub doors have been checked thoroughly. 
In addition a set of symmetrical Siiberkrub 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 one 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 
(27OO 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. 
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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 Siiberkrüb 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 Süberkrüb 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. 
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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 1Ô37 mesh 
pelagic trawl, that will be referred to as Net E (see figure 2.5) 
A more detailed description of these gears is given in (1). 
Two types of Suberkrüb doors^were tested. 
Type I (3.50x1.36 m) k.7Sm 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) k.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 
can 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 178/1^,15 and T78/22,23-

The rigging and its dimensions are given in figure 2.7 

2.2 Trials technique 

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

Parameters varied: 
1)' Warplength (*t50)-550-650-(750)-(850) metres 
2) Bridle weights 6OO-750 kgf (5886-7357-5 N) 
3) Horse-power setting 600-1^00 hp (4^1.6 kW-1030.^ 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. 
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- 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 ) 

2.3 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 



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 instruments 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. Œhe 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 measilred by a towed propeller log and also by timed 
readings of the distance indicator on the shipsDoppler 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 ft*om 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 to the quality of the results 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 shifts between hauls since a large zero shift would suggest the 
likely time of a change in the instrument calibration. 
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The IFTAR8 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 
which is the stun of horizontal components of the sweep tensions. Tables 
produced "by IFTAR8 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 lift the headline. In the latter case, the wing-end 
has been assumed to be lm below the headline centre. 
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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. 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 results for all the different warplengths are plotted in 
the graphs. 
Especially during the 1977 cruise the warplength was varied over 
quite a range (from ^50 m up to 6^0 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. 

-7-



4. COMPARISON OP THE VARIOUS METS TESTED 

4.1 General 

Tables 32" - J&JLL list 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 IS - TXT 
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 speeds tested 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 It,HI 
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;4,7;4.42;4.43. Thus tables IT , in and figures A.&.A.l ; 4-42 i4,43 
present a sumary of the results for ease of making comparisons between the 
different nets. 

4.2 Met and Gear Drags 

Figures 4.1 ±o4.5 show the drag results for each net. Any dependence 
of the drag on the bridle weight has been obscured t^y 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 ^.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 

n 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. 

than that of the 
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The total drag of a rope trawl 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 \Qfo 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 
to üb 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 
Bhould lead to a less rapid increase in the drag with speed. A comparison 
of the results in Tables H , HE at 4 and 5 knots suggests that the 
power of speed appropriate to each net would be:— 

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 1.44 1.22 

The mean value of 1.34 in the case of net drag is in good agreement with 
previous results for other gears, and we note that there is sisnificanot 
difference between the results 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 axe plotted in Figures A.8> io 4.12. 
with separate regression lines showing the different effect of 600 and 750kg 
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. 
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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 o for the 
conventional pelagic trawl. 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 14.9™ 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 3.7m 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 2.4® 
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 A. 18 to 4.2.6 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 results for nets B and I) 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 is 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 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 V^fo 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 counteraçt the constriction due to the large 
codend at all speeds. 
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The addition of floatation also improves the opening areas. Nets B and C 
are similar except for thé headline floatation on the latter (l90 floats 
having a total buoyance of 330 kg). Comparing the results for these two 
nets, the floatation increased the headline area "by 19$ at 4 knots and 
IO56 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 the same 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 Het and Doors 

The average height of the otterboards above the headline centre is plotted 
for each net in Figures 4.2.7 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 otterbgards, 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 
lifting 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 matter 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 asymétrie 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 E 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 (although 
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 lift 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 suggests that the lift 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 4.4-1 . Separate regression lines are 
shown for the two bridle weights , combined in figures k.k2t 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 600kg 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 weights. 

*t.7 Towing power 

In figures4.-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. 
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5 OTHER RESULTS 

5.1 Comparison of two types of Suberkrub doors 

The performance of the two types of doors (I = asymmetrical; 
II = symmetrical door) can be compared for haul T78/14,15 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 II 
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 speeds (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/IO. 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 figure5-4 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 these measured parameters the maximum increase is 
found from 65O m to 750 m warplength. 
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5.*t 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 figure 5.5 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 (T7S1 and T7S3 are higher than T7S7 and T7S9K 
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)» 
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6 KÄRP 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 (l) 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.: component s 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 is based on the warp circumference. 
The forces and the coefficients are related by the equations;— 

2 Pressure drag/unit length = -g- p C^D(V sin 0 ) 

Skin frictior^unit length = -§• p C^ tt DV^ 

Where p is the density of seawater, D is the warp diameter, V is the 
towing velocity and 0 is the declination angle. 

The maximum length of warp (l 000 m) available from one of the 
•Tridens* winch barrels was towed at various 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 = 2.11 - 0.1517 V 

cf = 0.0611/v1*2 

The »Tridens* warp had a nominal diameter of 26 mm, while the 
average diameter from measurement s 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 OP CONCLUSIONS 

7.1 Performance measurements were meide 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 YjSjo 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 trawls more than offset the reduction in drag. 

7.3 Ihe 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 re soil ted 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. 

7.4 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 contribution 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 ^5 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 (a#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 -̂ 0 ). 
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7.8 The question whether the use of rope trawls will be suitable 
for the circumstances found in the Dutch fishing industry can not 
be answered from these experiments alone, 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. 

7.11 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 leaBt five different 
speed settings during each haul. 

-17-



U I -O 
O -M Ö 
o © O 
•o a o 

n 
u 
o 
o 
•o 

« 
«o 
u 
3 
O 
O 

rvj 
43 

m ia 
fA rA 
rvj <M 

• o e 
IA® IA IA» 
K\0 KMf\0 
rvj ia cv rvj ir* 

<o 
H 

IA 
H 

IA 
Eh 

KA 
EH t=> 

OJ 
EH 

-p 
60 
o 
© 
rH 
P. 
h 
a) 
» 

h 
« 
» 
o 
P< 
« 
to 
o 
ä 

J3 k • -p t> 
P« p,-p 
at « ® 
TÖ B 

«0 -P 
O Ö © 
H O Ö 

Ö 
© 
> bO 
O O 
P rH 

« O 
-I cö -ö 
60' -P XI 
fi <H -P +> 
al -o id to 

jd 
h -p © -p 
© rH +» P 
© -rl © © 
a -p s -ö 

© -p 
d Ö 60 
rl «H 
(4 © 
O S 

© 
H 
Ü 
rl • 
M M 
• © 

© p< -p 
«H « 

P O fl 

H 
3 • 
id s-i 
c a 

1 1 1 

o 
ir\ 
IA 

o 
IA 
IA 

O O O O O O O O  
lAlAiAifNtAlAlAlA 
lA-d" VO -4" VO IA IA IA 

O 
ON 
O 

O O 
VO ON 
OO 00 

I I 

I I 

IA 
VO 
OJ 
T-
I 
O 
00 
OJ 

00 O 
O r M 
0O K\ (A 
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m K m  ̂ai ĉ  c cc in £• UJ 2 • • • • • • • 
2 UJ X «4 «s vi •H 

CL w lO ro rO ro IO fO lO O 
C 
2 a uJ < CB S S V CM co ro U UJ «-> m • • • • • • 
2 X X CD CD IO »V rv A t—1 £L fO lO rtiortroio 2 CO 
O et •4 A A A A s O UJ #>> • • • • • • • C X X •s co CT> O» 3» s Q CL w o> o 9 to Œ> CD o >  CO 
c CL UJ CP H^ION O  rv 

•H ̂ J r* fO O S (O ro a> X CL • • • • • • • CO CO w •*T T T  ro 
uJ t— 
_ J  x U. O LD G> s s- O S s» s 
<—« M  A A A A A A A £C UJ w rv rv rv rv rv rv rv -a r  
x 

a_ »— •x, •j s s -s s s s s 
2 X' A A A A A A A 

X Jj w A A A A A A A 
_J 

_ l  O CM fO A A rv 2 2 

JtLD^aNS^^aro <K<Zlflv40iStf>»«V} » -  <  O  O  • • • • • •  •  O X J h S M O x f t M S  

Q£LO«-»^(MO)0)Nrt»0 tDK«Z^lt)8000)«M H  <  O  O  •  •  •  • • •  •  <os jKinin vioinmn 

a£r<zvnsioiricn O  <  O  •  • • • • • • •  a.x_j»-ir)«oinioioioin 

O CL UJ (O H v M UJ Z ro A S X a • • • co co w n 
oJ r-_J X U. Q o O «S C2 O H è-« A A A ac UJ rv rv rv s X 
X CL 1— X 'J 3 s S 

< 2 X A A A 
1 UJ n A A _I 

_L o v4 CM LO aà 2 

LS 3 Ui • lû CD ̂  V iO Z O K O ^  S A M O l  HZ4tf)iDicicioin 

Ha N X O x 
O O R« N 0 S) K H ü UJ rs • • • • • 
UJ >£GOSSO| IILO^H —• iH . O Oi 

QC 2 X ui UJ h s -»«o n IO 
OL O A. «-K • • •• azuriowcMio^ DMO^«OV«DIO^r 

(LUi^CO^^TlOK MUiZlOVOOntO X Û. ̂  . 

UJ •— *-+ 
_L X A-ÛU JSSSSS 
KUI^NNNNN X> X 

X'JRT'SSSSS <Z£nin<oion 

m « 
CM rv «o A 

® CU 
• • 
<D CM 

rv rO v rv 

co rv 
LO 60 

Si S 
A «o rv rv 

» "Si 
A M z ui-iOfl n a n AA 

J O ^ N O T A  ÛÛ 2 

3 5 



CQ 
a: 

o x CJ ci a c « u. »- c. »- a 
V. C H •-

C 2 »- Ü a c — û. »- o h- a «r, c. >- *-

#- i •- C» IT* tO tf*. s. S e. 
ft c u~~ •. ». . «. . *- », 
c c »-H CMC cv es, Ci 
U. c. >- w 

d J: _l es 
cr c U. u. 
1- c? U. O 
IT C 1 *-

»- a: _) c; ci m m 
a c. u. •ij.. •. • ». - • - «V . • 
o o UJ G «> «-« X IO fs. ac 
a c X w .M 

*L * 
o •- «C "9 & te fi. CM 
»-» X r> • • • • • • 
»- u 1 IC If) o. IOW 
CJ •—i W V« «-< W-1 «M 
UJ UJ 
CO X 

»— 
_J X * 
N. es <^s O. tC ta s CD 
X H" x. • «. . • «. « • 

UJ ̂  ̂ c. 00 «-4 o> 
X A CM CM CM 

O I- * 
z X CV CM V4 CM Ci 
UJ 13 • • • • • • 
cr »— I O N  «c O: K RV 
2 UJ ' W-T 9-* •-• 
•—. X 
.* 

V 
UJ X S S s «D m 

_i a *- *. • • « • • 
"V »— CL i œ m o> RV S 
X 2 UJ x » m 3D M 

:» O W —< «4 «-« V4 
C 

* 
X es. c; S S S; S 

o cr •- • • • • • • 
ce o CL r» w f) a CM 
*- o UJ x ce tn IO ce m 
*/5 o a w •* ̂  

X *6 & &. & 6. & 
H- a; H» • • • • • • 
cr o CL ̂  ̂ IO OI V CM 
o o UJ X CO ID PO CD M 
CL o O *-» «-T «-I V4 

>- z * 
a O O «Cr Si Œ a. CM 
1— H « *-> » • • • • • 
UJ »- UJ 3LIANNIO RV RV 
x U cr " W W  CM CM CM CM 
O UJ CL 
UJ 4C CO 
es 

RSI 
4Ä 
Z * 

»-* »— •H m lO m AD o» n 
iX UJ Z *-» • • • • • m 

O z UJ X o. s S. O> «o a 
X CL ' CM r*> to CM CM CM 

O 

O 
O * 

UJ 4 o -« M CM RV 
L9 UJ •-% • • • • • • 

C r>r> C «: cm K (L 2 r< ft K. MC ̂ it 
H tb «C )- C L & S C. b -JO «— 

cr a o Olthr-R(va^Mn 
c a: 2 ̂  tv a (v cv r: O O O. • •- t *. i t a K is. S U S G. 6 

•< OrMONfVïtVHC uj (Tz^ioic^ictr 
c r  f r —  o  • • • • • •  Q.U.'in»-&6&C&& 
CO CJ ^ 

a. u~ »- *-* «c m m m N G 
UJ KZN^ION^IN 
UJ c o. •.•-«.* •. • Q.HS6S&SK 3 a> 

r> z 

CEXromtc^mm 
I Q. LO RO RT O I'S 

* C in "2 N SQ S O li.' «-"» •••••• OÏ r«oiN\ois> Od^COCDSlXCOO) (/> 

IUJ2S^-H«S^ 
> «O w ̂  ̂ (O ̂  'î 

Û Û J Q S S S S S  

S X 

a_ »— ac'ji-»s3sssr3 <22:/)/>inion/) ï û ̂  n n in a fl #) 

c et < u K ̂  v c rt « trczuNftso. ooi 
¥- O er D. «.»»•.•. I. • lOOCUESr^S&S 2 

I- £T <lLft^KN<VllC (rcziLC&^K&a o o x o • • * * • " accuc»--»'«-K 

< CK I— * CL C UJ X 

X X co 

^ Ok (M (V ̂  <o . (L •. *. •. C • M « <0 (V IO (C " r, (L c ̂ r. 
CM CM CM •* CM CM 

S 6 S S 6 C •  • • • • •  S CV C S Cy « (Cl CVJ CV> O) CL « 6 m K a s 

z : 3 I 

O Û/^5 SO. a(MN •* C2CCKSNO.a t» I I— o * • « « » « cruj«/)ft-Œ ~4~~sss 
CL O *-» 
tn tr o atLt-^^CMctcro c. azNOisicica o o o c Q.K&&XS&& 

es /-> ro ̂  ̂  s a a H < 2 ̂  Oi 0 ̂ lû S Li I  f y  O  •  • • • • •  
ZCHNCCOMCOi 

û a: (9 rt io cc «o IO S C < 2 S 6 S S M &  »—  n  f r  o .  « • • • • •  
lO O O »— K SSSS.S 

ha l9«MO ««N V OltO a o * 2 •« Ncmin^ O • tt O • • • • • • iloohsss&S)& 

ccc5*-\io',w,««oro^ 
< 4 Z O ( V t ( M C > S N  U i  o :  O  •  • • *  •  •  15 û r N OtSN9tO> 

JO.Û Ain N ̂  N ID s < Z < Z ̂ N hs. —« m N H  <  O  O  •  • • • • •  OS JHfiOiSCQaOl 

O C L O ^ W A V A ^ O  œa^znoiio^NN H < O O • • • • • • I02 v ft T ̂  ̂ 

H a. O^CVCM-^COIMCM crar<z^«^a>a>05 
O •* O O • • • I m m a. 3 _j f- ̂  v rfî (O v 

(LUJ^S^tOIOiOlO HUIZS^^ASH x a. • ••••• COtO^'O'T^ïO^^ 
ttlhrv Jlli. Û Ü 13 S û G S£ C M H S S S «Si S & ' KUJwiotO'OOtOlO S X 

<zr\oinm/>ino s ui^-n a o ü « o 

CL UJ _J I 
•X s CO X 

u < 
<4 UJ o. cr O «( 

z ' O O* 
O N a N 1 (Q •_ •, •. I. t I i V N © CV "9 N K Z O V O I C ^ n  

. CL 10 «0 «O 

. » « Œ ̂  K K ̂  
jiA "9 s« 
V N • • • • « X U» Si ^ N O. ̂  I W. o ̂  ̂ _ 

O a 
O 
UJ > w 
CE UJ 
O 

ta « ̂  x * 
< UJ û • «o M (vi IO S N ocazcm^m^cMfO 
Û<UO)IOCN«N« 

1 1  V  • « . « . •  4  KcrziL^^vsio^ 1» 1 Ui M O n wi «1 «4 <H z a i ̂ 

X OL (V LO (M M (M 
J H  <  3 t  • • • • • •  
\3UJ « N ^ V) CD G x o oc o oj <c ̂  ̂ œ Z4WKIOIAMOin 

G * 
2 X RSMMÛICNN ui>- • • % • « 
03U1 ALOLONTTAH 
ZOKO^SQIAIOM H£4U)ClOirjlOIÛIO 

Ktr \ * x a x 
u o io m in s s s HÛUI^ * • k » < 
UJ >> X IO ̂  m 
X iL. O ̂ 
O CD 

O ar 2 x 
UJ UJ H— IO N CM N N Q. O Q. #•» • • • • • û.zujrioo>o^o) 3i-tQwor)^oi in 

c CLIU/^OVIO(OIOIO 
HUJZ S^^IIO (9 
X  C L  I F  • • • • •  

o^aossssss HH^ssasss XUJ^(OIÛ«}<D<OtO 
Si X 

<zznmoï)in: 
z ui ̂  m n n A A i 

ja 2 jo^cvnvnio 
CD 2 A 2 

36 



z z> 

X 
x 

lil 
I 

CÛ 
CE 
h-

* CL C C ir y. 
o •x LJ o • « • • « • a C- «a u t t Cv u o V 
fr- c. •- c. cv <\. c\ «- w- --

tf C" »- *-<4 
a '•X t— e & S) G s & a c iL .  . «. . «. . • y— o o CM CM TT> CM fO CM U. c •- a 1 « 1 1 1 

•- a- »— u> »r ;n & C. & Cb. a c u.. •. •. . • • . . *. • c c, a ro tr. n et c. JC CL. r- a. 
a c. fr- v_ •— a. z rv «1/ te ti. te 6» u. »- c « • * « • • 

*-• UJ fr- t» G. & G. c; X —I o c iD c. tn (S _1 O W 
rr c UJ u.. . u 1. . • cr 
*— o UJ C; w s e. CM «M a o 

o 1 V— • i o u. Y~ o fv cc CC' o et z tn lO ro VC 
<-> c O o. • , •. • . , a • • 

•— X _l tl' 1. s c. G. c. «o a •- es. & e» S Ck- C* or o UJ UJ. . ft. •. . •. «. . *. . • W 
D o UJ O fv <0 s m «c s. a c X w «-• o 

< o «o «o V4 Ok UJ cr z m (O m m a »— o • • • • • • c »— iC. *3 te rr; CM CL LU to fr- G B. c S. s C-
»—( X • • • • • • tn Ü w* 
fr— LD X If) ̂  ro «o m cr 
LJ M w V4 «4 M M «-• o UJ UJ CL u. fr r-\ ro «-* a ro m <o X UJ ac z •r. m <q m UJ D o. • «. ». • • • 

»— 3 CL »- & s s es. & & X «O W 
v» es *-s cc G m «o 
X »•H Z • • • • • • 

UJ w S OD <£) o> co O O rf—» PO «o Si CM «-» lO 
X CV — CM V« «-> << m z OC o —< CC o. c UJ •— o • • • • • • cc tu iO fr- (S s e s «M 

o •— CL CJ W 
2 X ce «c. & m CM 10 cr UJ L3 *—« • • • • • • o tr »-< z IT *n m K «c tn cr IL fr *•> K lO RV es 2. UJ »_< «-4 c et z <D Ol s. cc oc o. 
•— X o o c • *. . %. . * • • c CL fr— (S. s — s. G. s 
UJ X tr s e>: S S s. -j a T— • • . • • • • 

*v •— û. r-s to Oi «o m O" N O •*> CM X z UJ £ »Tî -*3 ro \D •*» ro y~ <T z «n M ro N o> UJ O w +— «-« «—T UJ et o • • • • • • u z c fr-It o. 6. OD a a 
I «C CD K ro 

O (X »- • • • • • • 

CT. O o. tn oc (O fO S (S CJ oc CD •-4 fO to CM 
•— O UJ X •*J ro eu tn ^X CM CD o < z 6. & &> VI m~l iSj c c w VI «-• «-• rl »- O a o • • • • % • 

CO C. O H- s C S & S & X s e & & & es W 1 fr « 
I— CK »- • • • • • • X O a. S-» Ol -H fs. O) *<ï tn O o UJ 21 cv to CM (— QC e> s N fO A ̂ 3 to 
CL 3 O w-* ^4 m t m 4 W» Q: O 2 CM •4 lO ro ro o o cc o • • • • • • Z IL. O C H  s. s es s K s, o Û <c  ̂S CM Si V 
H «X « • • • • • V3 
*- UJ X  ̂f-v oo N fv fs. UJ 
(_> a w CM CU CM CM CM CM O cr 12 s s •VI tn m UJ Q. OL •< <1 z m 5F •V CM CM 40 tO O UJ o • • • • • « u> <£ Ofr -O)  o> GT Œ. CFR s C5 

N Z 
H »— L-I fv 1T. w* CD CM a: UJ Z. • • • • • • -j a. o ̂  ̂  OD n 5T to 
o Z UJ X CM e. «I <« a <4 z es 00 0Û Or fv (O 
X Q, w ro ,T> fO IO IO lO k- O o • • • « • • Q o 3. —1 fr- OJ Ot s 0D O) s 

»— M 
o z C. UJ < s ̂  s •D A r«w o Q_ o o m <o to to to 
o UJ • • • • » • tX3 X «c z N S- <o w CD ar X fs. rs. N oc r«  ̂N >- <1 o o • • • • • • 
»-•» X V-* rO rO ro rO lO lO to fr-

s s «n M </i 
O CL' <c rs> o \T> s "S <S> 1— a. û •-> to ro Ot CD X) •o O UJ « • • • • • ar ar z cv cc fO CV m œ O a: X rv CT> CM O) CO "9 o •4 o o • m • • • • 

C? CL w OD CO Cl X ce 91 a. •x _L T— V tn •sr tO 
Û o CL UJ ca *c fs. Oi «-« CM a. UJ »—» CM r*v o» «-4 CM M UJ Z s fO m M UJ z a W PO tn es m 

X a se • • • • • • X X • • • • • • 
iO c/> w C ̂  M PO co lO w "C xx rO T *r 
uJ »— /-* UJ fr-X U. T U-O iJ 13 s s s s O s a o O s s S O « âa •—I t—1 *: *2 <s S s *-< *~* JC â) fi s s Si s X ai *—» «Û >£} O o <D KO CL. UJ o <o iO to tO «o 
n i. "D X 

X X a. fr- CL fr— 

.5 /-* s>  ̂*3 s X '-3 i-* s ts T3 •3 'S 
«* X- XÎ n «O ƒ) «n *n « X X XI V) m «O tn 
z. UJ w O n r> n n n Z UJ w o /> o o n n «j _l 
-j a —« CM trt f) (O -JO ti «VlfJTIDO <X) z 00 ̂  

_J u. Cft<u.^r .  -«Nie  CL O X U- G (S S CM & h C ft C. «. 4 •. «. â 
2 

fr a 4 U t; ̂  a rv r 0 o, 
et c Z u. o o o* G C r ce 
o c CK. O • • • • • 
CL o. C (J c s e  — C 5 G z 

v tn m ^ « -« "*J 
a i. * « « «. • 

»— CL CM to rv - IO 
O UJ X ro te e e M r> 
fr— LS cv CM ro CM C 

irt 
fr- £ S & & « fi G 
U_ • • • • 1 • <t CL G G. E. S. « ri co 
X X CM »o tn m « b CM (O O. S —t SC C 

—« 

UJ UJ -#-N 
X x Z Zi M o o u »— 4 ̂ — 
o o s 5 5 5 rv t rv 

~> or u *n •_ i • ». r ' Ui "v en an to ro r K «O 
1- CL cr x  ̂Cv;  ̂̂  r 3 rt 
CL UJ • M *4 «4 «X « •» 
UJ _J CL ZD 
•* "N. CJ fi X w 

(3 4 X •4 UJ • —• co oc oo r v CM •L (X c •M m «s. m < ̂  CM 
O 4 _» Wî «D ro CC 1 S£ S V V • • • • • • 
fr- Q: X u. ro to cr, CM 1 n rs 
UJ UJ w o «f *4 «1 V4 ' H r* 
z CL k: w 

ti 4 #—> X 4 UJ o • ® CM CM CM 1 V Pv 
«o cr cr z o io tn <o oc I V  ̂UJ Q 4 UJ </? rv ro rv IO i v ro 
»-« O V. • • • • • • 
fr- 1— cr z u. ro <o co CM « rv 
»-* UJ UJ •-« o «4 m-* M p-» •-» 
t— Z CL z «t 

X *-% 5 K « CO ' V S 
O _J fr-4 X • • • • • • 

•v. 3 UJ • NOtOl «O C C V 
o X O OC o »-• rv ro * ( S> 0D 
UJ X 4 U) to tn m (O « D M 
> •w 
M a: o 
UJ z X «O C£ »V r v —• o UJ fr— 4: x • « • • • • o  D uj  »«- i iom«-*  Z O CT 0 N9IOK m x < w «o m m <o 

h- cr "v X O X O O n lOK S 
H O UJ RT • • A LiJ >£ (0<DN<0 X Li- O *-» 
O CD 

«D fO •4 N «o «n 

CD «O • • to es 

CM « O» ' Ï Z X 111 UJ fr— Q. o a i a. z tü r to s <o DMQw/ j^ fOi  S » ^ «n ro 

HUJZ S ro O Q « 
I Q. ̂  • • • B • • t/3 </> »-' "V 1 V 

_j x u_ I OU(9C38$5<9 H H ^ s s s é s s  XUI^<0I0(0>()<0<0 

I 'J « S 3 S 4 z r in n A j ij /i n o 

_/O «V >0 "T lO «5 0Û Z 

S s ƒ) (T> o -n 

3 7 



Benaming 
MESHED UPPER S, QUI ft re VJirH SfVEzW/tfàS 

FOG KOPE-TKPWL 

recrfh/ical &es£.»Rc*/xcp&xrri. 

Auteursrecht voorbehouden *ol|tni 4c wet 

Gecontroleerd £_) Schaal j;300 

G e t e k e  y t - 7 ^ ? G e z i e n  -  j o  ' f é \  

&BLOM6STÛ ffy/73Ve 

Formut 

A4 
Ringichikmerk 

JlSL 



~ 77ZZ7.—:——-
IttjÇr»/ hie l&tcr* UP pec . f*jn LÛ\*/E K-PAA/EL 

"" NET B 
FIS.Z.Z 

«ÎÂ05- P/?A/£,C 

roTftù LefJiW/ 
o Sipsxari? 

*  & 2 n ~  

ÄJ 

& 
Vf* 

se> 

io 

ttfiM Jpo 

if# 

M 

2*o 

iiû 

Zt SUé 

\ 

fc * 
ë * 

s* * « 
s* 

**. 
S s j  
$r; 
Uî 

&o tmi 

£.7*1 
9*00 

*»*4. 

/M 
/far 

* jftar 
éoco 

•fr te/ 
rff#0 

vfr y 
JfOO 

+/ 
f t .  

MfCrt 

9. 

*$y Sio 

tûtrL il7>1Sfî 
•enamiî  
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NET DRAG 
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FIG.4.1 NET A - DRAG V5. 5PEED 
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NET DRAG 
X T78/11 
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GEAR DRAG 
• T78/11 
A T78/12 

FIG.4.2 NET B -  DRAG wS. SPEED 
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FIG o 4o3 NET C DRAG V5o SPEED 

53 



FIGo4.4 NET D - DRAG MS. SPEED 
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SHAFT HP 
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