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Introduction

Various acoustic devices used at sea are required to be towed beneath

the ship while it is underway, In order to reduce fatigue in the towing
cable and drag on both cable and transducer, it is necessary to streamline
them with fairings. The present study is to determine the drag forces and
stability of a fibreglass streanlined body conﬁwlnlng an echo=-sounder
transducer (or equivelent weight) and of various conf'lgurations of moulded
rubber fairing clipped onto the towing cable,

The triels wore prompted by the observation of the towed transducer of
the precision echo-sounder on H,i,S,"Owen"which was found to ride much
nearer the surface than was predicted, The overall drag forces were
several times tlo“e caleulated assuning reasonable drag coefficients,

The addition of extra weight to the fish did not apprbolably alter its
depth and it appeared that much of the drag was due to the cable,

The trisls

at

Ship Hydrodynanics Labormtor“ Peltharn, on Novémber 3rd 1961, huns were
E

made in the ¥ mile tank at spe eds between 10 and 25 “t/uec (6 and 15 kts),
The denth of the terk was 25 ft,

A fibre glass fish, towing cables and feirings were towed at the

The streamlined fish

The fish consists of an aluninium framework on which aro mounted a
16 ko/s M35 transducer and lsad welghts, The fairing a and fins are of
fibre glass constructed by SARO., The dimensions and shape of the fish are
shown in Fig, 1, The position of towing point and centre of gravity are
shown in ¥Fig, 2,

Weight of fish in air = 532 1b,
Weight of fish in water = 406 1b,

The fish was balanced in air to be approximately horizontal, It was
then balanced to be horizontal * 1° by suspending in water in the river Wey
at Godalming,

The fish was instrumented for the trlalx for the following
measurenents -

(a) Depth 4 (Bourdon tube with 2kQ potcutlom<tcr>

(b) Angle (¢°) of towing spar from vertical, Penaulun on circular
EQOQ pot@nfiometer)

(¢) Angle (B°) of body fronm horizontal, (Pendulun on circular 500Q
potemtiometer).

Thege were continuously monitored by the circult shown in Fige 3.

The towine cable and fairing

g - NIETE
The fish was bowed on 15 £+ of STC armoured four-core O'bl@~(EO/JOj

covorel with DT olythune ~nl with 0D = 0.270%,
2 * A - E o e
A synthetic rubber fairing (c Tige h) was attached to tho cable by

Vot wide clips every 4" and was free %to rotate,

*S

H
W &

in air = 15 1b.

Weilght of fairing and wi
i in water » 12 1b.

ring and v i

Subsidiary towing trials

Simultaneous with the towing trials of the fish, streamlined leads
(weight = 52 1b ) were towed.

(a) One lead on very short wire Jjust below surfnce,
(b) One lead on varying lengths of BF single core armourcd cable



(0D =®312") faired with

(1) fairing as on fish, clipped every 4"3
(1i) fairing as on fish, clipped every 12",

Calibration of gauges and other experimental measurements

The depth gauge was calibrated in terms of depth to the towing
point while lowering the fish into the tank,

The potentiometer giving the angle of spar (¢°) was celibrated at
the N.T.0, before trials, at Peltham af'ter the trinls and at 1,I.0.
after trials and the curve is shown in Fig, 5, The carlier calibrations
showed doutts about the range 0 - 10° and were inconsistent with trials,
due presunably to friction in the pendulum, The latest calibration has
been used for the determinations of .

The potentiometer giving the angle of body (B°) was calibrated
twice and the curve is showm in Fig,

The angles of entry (y°) of the wires into the water were
measured directly,

The tension (T 1b) of the fish towing cable was measured by a
spring balance at the top of the tow,

Experimental results

The experimental results are tabulated in Taeble I, A preliminary
run at 20 and then 25 ft/sec produced too much spray and only rough
measurenents could be made, Thersafter ninec runs werec made at
approximately 10, 15, 18 and 20 ft/sec,

Runs (1) - (3). Chiefly for fish tow and for zero length
rneasurements of angle of tow of streamlined lead,

Run (4). Comparison of falrings with 4" and 12" clip
spacings with 11 £t tow,

Runs (5) - (7). Comparison of above fairings with 5 £t tow at
higher speeds,

Runs (8) - (9). Comparison of fairing with 4" clips and no fairing,

It was noticed that the fish showed a continual tendency to ride
to starboard increasing to about 2 to 3 £t displacement at 20 ft/sec.

The streamlined leads showed a very strong tendency to ride to
port sometimes as much as 10 £t, At higher speeds the fairing on
entering the water at higher angles planed over the surface,

Reduction of results

Drag of the fish

Mean values of the towing angles and tensions of the fish tow are
given in Teble IT and Fig, 7.

Let W = weight of fish in water in lbe
D = horizontal drag in 1lb,
then tan o = D, (1)
W
If CD = drag coefficient of fish
A = area of cross sectlon = 20 sq, f't,
p = density of water = 623 1b per cu, It.
v o= vglocitz of btow in ft/sec.
then D = 2004 1bs. (2)
2§
Vo t
hence Cpy = ¥ tang (3)
phv?®
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Values D and CD are listed in Table IT, end illustrated in Fig, 8,
The drag to weight ratio
D

R .
- - ..9..@ o Oc)lffic

4 40

Drag on cable and fairing

o the fish at 20 ft/sec

-

m\
i

Assume that the drag forces on the cable and fairing can be

represented by forces on an equal lensth of straight cable at an angle ¢
to the vertical where ¢ =g+ Y (ef, Plge 9).

Approximate cable profiles are shown in ¥ig, 10,
Let dt = transverse drag on cable and fairing in 1b.

dé = longitudinal draz on cable and fairing in lb«

W = welght in water of cable and fairing in 1b.,

To = tension at top of cable in 1b,

T, = tension at bottom of cable = W cos ¢ in 1b,
“

Resolving along cable
d, = (TO - Te) cos (%2 -) - w cos (d L)

- Resolving pulp@ﬂdaoul e Lo thu cable

a, = (TO + To) sin (y L} + w sin (--l)

The main contribution to longitudinal drag is indicated by
difference between tensions at the top and bottori,

The main contribution transverse drag is indicated-by-the difference
between wire angles at the top and botton,
Let Cd = drag coefficient of cable and fairing.
r = radius of cable =0135" =0:011 %,

and ~ . = length of cable = 14 1,
Cap

then dt = 4,4 2rd v? cos®o,
e
6 8%
Therefore C. = a2 z
Y4 T prd vE cos (g )

Values of d&, dt and Cd are listed in Teble TIIT and 1llustraﬁcd in Fige 11.
The transverse drag to welght ratio of the cable and falring at
1
20 ft/sec = "t = 3%6- = 138,
o :
giving an asymptotic angle of 86° from the vertica

Drag of cable and fairing on stresmlined leads

In Fig, 12 the angles of entry of the top of the tow intc the water
are plotted against different velocities for various lengths of tow,

In Fig. 13 the same angles are plotted against length of tow for
different velocities, :

Since the shape of the wire for a given speed is determined only by
what is below it, then it is possible to construct curves of the wire
shapes from the above graphs by reading the ang 10 of tow for a given
inmersed length, The angles have been read at 5 £t intervals from the
smoothed curves in Figgpeqzand the 5 £t sections plott@d ?nd to en% in
Fig, 14 The wire angle at the bottom is controlled entirely by the drag
and weight of the streamlined body and if the curves were continued to an
infinite cable 1cnbth then an angle is reached at the top asymptotically



k.

which is controlled entirely by the drag and weight per unit 1en§th of
L . .

the cable., The length of the transition zone 1s dependent on the

relative drag/weight of the fish compared with that of the cable,

For comparison with the csble and fairing in the towed fish, the
drag and drag coefficient was calculated Tor that part of the tow
where the angle was not too great, For this, the lower ten feet of
the tow at 10 ft/sec was used where ¢ = 8°, Yy = 27°,

No neasurements were made of cable tension. Hence the top
tension was calculated from T, =T, +w+ d. where the value of d.
% k% k%

was obtained from the fish towing cable (Fig, 12).

For 10 £t of cable and fairing, at 10 ft/sec

d_.; = 18 1b.

1

dt = 24 1b,
and Cd = 120,

Comparison of fairing with 4" and 12" spaced clips

Four runs were made for direct comparisons between the two
fairings, one with 11 £t of cable at 10 ft/sec and three with 5 £t of
cable at 10, 15, 18 ft/sec, Teble I shows that at the low angle of
entry, therec was no significant difference, but that at higher angles
on longer tows, the 12" spaced fairing was significantly worse, the
transverse drag being about 20% higher,

Comparison of fairing with 4" spaced clips and no fairing

With 5 £t tow, the drag on the unfaired cable was significantly
less than on the faired, With 20 £+ therc was no significant
difference.

Conclusions

The drag coefficient of the streanlined fish (0¢1) was
approxinately equcl to that predicted and therefore was satisfactory,
The fish showed no signs of instability at speeds up to 25 ft/scc
(15 kts) although it showed a tendency to o to onc side,

The drag coefficient of the cable and fairing on both tows
(15 = 2¢5 and 1.0) is considerably higher than expected,  Since the
drag coefficient of an unfaired cylinder is 1e1, this neans that the
effective ares presented to the flow 1s greater than that of the
cable itself, due possibly to the fairing not streaming straight
astern of the cable, The observations of both towed bodies riding
out to one side or the other confirms an asymnetry thet might arise
from the same cause, Looking down the fairing to the fish, one
could see it ballooning out not only astern but also to cne side
showing that the sideways forces originated in the fairing and not in
the body towed,

At 20 ft/sec, the lateral displaccment of the fish was about
3 £t in 14 £t length, i.,e. lateral deflection of atout 12°, If the
cable tension is 530 1b, the latcral force nust be approximately
110 1t, This drag is comparable to the fore and af't drag of the
fish which results in an observable angle of deflection of the towing
spar, - o such lateral deflection was observed on the spar and
therefore this must originate mostly in the cable and fairing.
The lateral curvature of the cable confirms this,

A possible explanation of this lateral drag is that the fore
and aft curvature of the fairing imposed by the curvature of the
wire resulted in an instability of the foiring which made it go to
one side, However when this deflecting force is calculated using
measured elastic constants of the fairing, it is insulficient to
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nake any measurable effect when the radius of curvature is of the order
of 4O f+t,

The nost plousible explanation is that an asyutetry has been
produced in the fairing partly in the moulded cross section, partly by
distortion of the clips while rivetting and partly by the asymmetry of the
rivets. This asymnetry has produced an increased fore and aft drag and
also a lateral drag,

The ratio of the dreg to weight of the cable and fairing is 77 times
that of the fish, Tdeally the two values should be equal, By suitable
redesign of the falring it may be possible to reduce the drag coefficient
from 1.5 to 0.1, i.e, by a factor of 15, A further reduction in the drag
to weight ratio of the eable may be achleved by increasing the weight iun
water by about a factor of 5, i.e., to 60 1bs for 14 ft,

These changes in the fairing would mean that the asynptotic angle for
the towlng cable would be avproximately that of the fish spar and hence
unlimited increase of depth could be achieved by increase of cable length,



APPENDTIX 4

TRIALS ON 0'580“ DIAMATER CABLE AND FPATRING

(N.P.L, 27.11. 1)

Following the conclusions reached in the body of this paper and
because cable failure in the field of the 0:312" diameter cable, further
trials were made in a tank at the National Physical Laboratory on the
drag of new and larger cable with and without a rubber fairing.

A lead streamlined body (identical to that used in the subsidiary
trials at Feltham) was towed on 8 feet of cable at speeds between 135
and 20°3 ft/sec (8 and 12 kts). Measurements were made of ¢~

Ea) angle of entry of cable into the water (y°)
b) tension of cable at the top (1b)

Cable

The cable was a four-core armoured ceble specially designed by

Stendard Telephones and Cables for towing the echo-sounder fish,
(Spec, 1B6/32).

0D = 0-530"

Bresking strain = 4% tons

Surface of slightly rippled P,V,.C,
Weight in air = 0<34 1b/ft

Fairing

The fairing was nearly %riangular in section tapering from QeL5"

o near the cable to zero at 228", It was of medium sof't rubber and was
internally reinforced with a nylon cord down the leading edge., It was
clipped close to the cable every 4" withf%“ wide preformed clips,
rivetted from alternate sides in order to avoid asymmetry. The corners

on the leading edge of the fairing were bevelled in order to reduce
possible turbulence,

Results

(1) Streamlined lead, 8 ft of cable and fairing (7.5 £t in water),

v v? ¥ T(corrtd)
ft/sec  (ft/sec)? deg, 1b,
0 0 0 55
13°5 -182 35 ) 63
13¢5 182 34 62
152 232 39 65
16°2 280 LI 69
1609 286 heo 67
1846 3.6 L7 69
203 413 50 76
203 13 Lo 75
(2) Streamlined lead and 8 ft of cable (7¢5 £t in water) with no fairing,
v v v T(corrtd)
- ft/sec  (ft/sec)? adeg, Ib.
1%45 182 .57
N 16°9 286 50 59
20+3 414 535 63

(W,R, The csble vibrated oontimually during the runs without fairing..

Atk



(1)

Fig. 15 shows the angles of entry y plotted against ve for t@e
0 580" iéblz with and Wit%out fairing, and for the De3q2" cab}e with
synthetic rubber fairing reduced to 7¢5 ft inmersaed 1ength using the
data of Figs 12 and 13,  The angle ¢° for zero length 1s plotted,
the data being from Fig, 12.

Fig, 16 shows the tension T plotted against vZ,

From page 5 the transverse drag on the cable and fairing for
small angles is given by -

i, = (7 «+ T,) sin (szﬂﬁ) + W sin (§~$~z)
t 0 & 2 2
and the drag coefficient c

o, = 8

d préva 0052(3..2“:‘.1)

a by

The drag and drag coefficients were calculated for the cable and
fairing and the cable alone for a speed of 10 ft/sec for which the
angle y is not too great,

Assuming w = 3% 1b.

T, = 50 1b,
3= 705 P,
_0.530 ,
r o= 5 = 002 T,
then at v = 10 ft/sec:-

a
Faired csble d, = 15 Ib, =% = 2:0 1b/ft, o, = 035,

a, ” \ -
Unfaired cable d, = 27+6 1b, =5* = 4°0 1b/ft, oy = 0470,

The assumption that y is small is hardly justified for the
unfaired cable at 10 ft/sec (y = 37°), Therefore in order to verify
the drag coefficient for an unfaired cable at near normal incidence
a point was taken from the graph at v? = 20 where the curve is almost
linear and the drag coefficient was calculated., However since there
are no experimental points in this region the check is only rough.

At v = 45 £4/sce, for unfaired cable, c, = 1¢0, This compares
favourably with theoreticol value (1¢1),

The oonvergence of Y for faired and unfaired cables at higher
velocities results from the rapid increase of longitudinal drag of

the faired cable as the angle Yy increases compared with that of the
unfaired cable,

The towing characteristics of the echo~-sounder fish on 40 £t of
the faired 0°580" cable can be calculated from the above data.z
Fig, 17 shows the forces acting on the two tows at speeds of v~ = 200
and 400 (ft/seo)a. On tha short tow with the streamlined lead at
v% = 200 (ft/sec)® we have

d_ = 6% cos 36 =47 =3

v
dh = 63 sin 36 =11

it

-4 1b,

i

27 1b,

Assuning that the mean shape of the long tow with the fish at
ve = L00 (£t/sec)? is approximately the same as the short tow, then

Ly /Vyz
Dvsz(z).(;) d, = k0 1b,

Ly Vi _
Dh==(zg.(;) d, =290 1b,

AL



(1ii)
Hence T& = 520 1b and ¥ = 44°: the value of vy justifics the assumption

of similarity of mean shape. It therefore appears that the faired 0°580"
cable is suftable for use with the echo~sounder fish at 20 ft/sce (= 12 ktz ).



Appendix 2

Towing characteristics of Fibre glass P,E.S. fish with E6/32 cable

(Measurements on R.R.S. "Discovery II" Januwary - March 1962)
Welght of fish in eir with Bdo transducer = 578 1b)
i eemoommm WI0 trensducer s 511 1b)
Height of towing point above sea level 7 £%.
Length of B6/32 cable (pudding ring to pudding ring)
Extra distence to top swivel snd to transducer
(Cable length during latter part of cruise = 38 £t).

u u

mean = 545 1b,

4]

LO 1%,
1 £+,

4 4y

Cable and fairing as described in Appendix 14

Measurements mede at different speeds:-

(1) Mean horizontal distence between towing point and point of entry
of cable into water sq-

(2) Mesn horizontal distance between towing point and body of fish
obtained by viewing from vertically above (fish in clear water) g

(3) Depth of fish below sea level d obbained directly from difference
between depth of water below fish (in shallow water) and depth below
sea level determined by differcnce of 1st and 2nd multiple echoes.
These were done with a cable length of 38 £+ (10.3.62).

(4) Angle of towing epar ¢ on top of fish was obtained from tank trial
data. (Pig. 7

Obgerved data

Speed Speed Sl 8 d
kts.  £t/sec. i, g, o« o+,
7.5 12,7 L5 15.5 4.5° -
9 15.2 7 22 6.5° -

10.25 17.3 7 23.5 8.,0° -
0 0 0 - 0° 32
L. 6.8 1.0 -~ 1.5° 30
6 10.2 2.7 - 3,0° 29
8 13.5 L5 - 5,2° 28

10 16,9 6.7 - 7.5° 25

Smoothed valucs (& = 39 %)
Speed, S s, d
Kbs. 1, £g, @ 4,
0 0 0 O 32
2 0.3 2.0 0.5° 32
L}' 1 ‘O 600 1 ‘50 3’}
6 2.7 12.0 3,0° 30
8 L.E 17.5 5.2° 28
10 7.7 23.5 7.5° 25
Depth of fish correction
Speed DOF
kts. fms,
0 +5
2 +5
k. +5
6 +5
8 +5
10 Al

The cable profiles were drawn using the data s,, s,, and ¢ and the
towing length of 39 feet overall., The depth of fish wa§ measured from
these profiles. The differences between these valucs and those observed
from multiple echoes are within the experimental error,

A 1}_‘_ A.SoLG
22,3.1962



Streamlincd Streamiin@d
Fis lead (1) lead (2) )
Fairing (i) Fairing (ii)
Run Speed « I 0% T 1% < 2%
t/sec pA M deg, | 1b, deg. % dege I
Prelim | 25 20 22 - 620 - - - -
0 8 18 0 L18 } 0 2%e 5 0 0
1 1002 | 41 20 | 15 | a0 | a0 10
0 8 17 0 418 0 23.5 0 0
2 1501 1L 21 25 476 | ~75 13
0 8 5 18 0 418 0 107 ; 0 o
3 2001 17 {2005 ] 30 i 530\ 70 P19 |
0 8 18 0 | 418 0 113 0 11.3
L 101 14 19 {125 - 26 14
0 8 18+5 3 0 1420 0 5 0 5
5 10°1  110s5 | 19 13 | 438 | 23 o2
0 3 17 00 448 0 5 0 5 §
6 1510|145 12005 | 20 | 478 | 35 43
0 8 18 % 0 120 0 5 0 5
7 177 1565 [ 215 % 28 504 | L3 148
% Mo fairing
0 8 18 1 0 420 0 5 i 0 5
8 15+0 14 205 z 23 L5 38 30
0 8 17 0 | 420 0 19 0 20
9 1001 14 21 § 13 % L0 L L8
: !

Table T - Experimental data
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v v? |« % B y | T § D D
{ ft/sec | (ft/sec)® | deg E; deg | deg | 1b E 1
10 100 3.0 % 190 | 13 | a0 ? 21 | 0e11
15 225 | 65 | 15 | 24 | 478 46 | 0v10
P 177 1Y 8.0 | 2.0 | 28 | 500 57
20 400 100 ; 25 | 3 | 530 ! 72 | 0+09
25 625 135 | 3°0 | - 620 5 98 | 008

i -

O

Lfable IT - Drag characteristics of streamlined fish

2 d.

A v v
£t/sec (£t/sec)? 1b
10 100 22
15 225 58
77 31 82
20 L00 114

o e e e i
i
i

e ot e g v v

d |
1b

76
136

T

166
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