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ABSTRACT

An evaluation of a low-drag cable fairing was under-
taken in response to the need for a towing capability at
deep depths at high speed. Thé objective of thé at-sea<:>
evaluation was to establish whether the Fathom Flexnose
fairing would meet deep-depth at high-speed requirements,
Observations made during the sea trial revealed severe tow- '
line skew angles until modifications were made to the
towline., The modifications, which consisted of the addi-
tion of fairing support rings to the towline at short
intervals, resulted in a reduction of skew angle to within
operational requirements.

ADMINISTRATIVE INFORMATION
The research and development program described in this report was funded by
tiie Naval Electronic Systems Command under Program Elements 64502N, Task Area X0742,

David Taylof Naval Ship Research and Develo. ment Center Work Unit 1-1548-408,

INTRODUCTIdN

In response to the need for a towing capability at deep depths at high speeds,
the David Tavlor Naval Ship Researcﬁ énd Development Center (DTNSRDC) undertook an
vvaluation of a low-drag.cable fairing. The fairing was manufactured by Fathom
bceanology, Limited of Point Credit; Ontario, Canada with the trademark of
"Flexnose." The Center purchaééd 1000 fr (305m) of Flexnose fairing for a

. 0.347-in. (8.8-mm) diameter cable. Thé'towline was_evaluated aboard the Center's

nxkh—spced research ship R/V' ATHENA. o

The objectives of the at-cea evaluation were to establish that the Fathom
Flexnose fairing would tow with acceptable kiting, have low d.ag, and be durable’

vinugh o thhstand sustained hlgh-speed operat ions, . ' ' . "

Thx< rﬂvart describés an experimental evaluation of the hydrodyndmlc perform-
ance of tre lexnose fairing. Descriptions of the fairing, the xnstrumentation,
and the vxperxmental arrangement and proqedure are presented The results include
.t‘nslon at the depressor, towline angle ‘at the deprdssor. depressor depth, depressor
pitch angle, tension at the ship, towline.angLe at the ship, and skew angle as
functions of speod. Finally, conclusions are drawn ns'fo thé overall bérformance

of the towline.

fg} Trademark of Fathom'Oceanology.'Ltd. o




, TOWLINE DESCRIPTION

The cable used in the evaluation was a 0.347-in. (8.8-mm) diameter, double
armored, galvanized, improved plow stéel, electromechanical cable with nine inner-
core electrical conductors. The cable was faired with 1000 ft (305m) of Fathom -
Flexnose fairing sections. The physical characteristics of the cable and fairing
are presented in Table l. Each fairing section is composel of four.ﬁiéces as
shown in Figure la,- A l-foot length of assembled fairing is showm in Figure 1b.
The fairing section shape' is shown in Figure 2 along with specified offsets.

TABLE 1 - PHYSICAL CHARACTERISTICS OF THE TOWLINE

Cable
L= , : ' v _
Diameter : 0.347 in. (8.8 mm)

Weight in Water
Length

" Electrical Conductors

0.159 1b/ft (2.366x10" " kg/m)
1200 ft. (366m) ‘

8 - AWG - #22

1 - AWG - #18

FairinQVSection

Length

Chord

Maximum Thickness
Weight in Water

2.0 in. (50.8 mm)
2.65 in. (67.3 mm)

‘0.5 in. (12.7 mp)

0.031 1b/ft (4.613x1072 kg/m)
Nose - FN-500-358-1

Shape Specification Numbers
' ' " Tail - FT-500-1
{1  Link - FL-500

’ DA&A-ACQUISITIQN-SYSTEM
fhé data‘acquisition System, shown schématically in Figure 3, consisted of
transduce:s to measure towline tension at the deptessor, towline angle at the
depressor, depressor pitch, depressor depth towline tension at the ship, towline
angle at the ship, towline skew angle relative to the ship heading, and ship
spgéd.‘ The type, range, and accuracy_of-these transducers are presented in
Table 2. ”Thg,traﬁSducers were connected to a multichannel VOltagefconttolled

oscillator unit, which combined,dll the sensor signals into ore composite sighal

2
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Fig:re 1b - Sample of Fiexnose'Fairing (l-Fpot Lbng)
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Figure 1 ~ Fathom Flexnosé Fairing Components and Assémbiy'
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‘ STATION 0.000. ..
Offsets
Station X A y ‘ n
1% 0.000 . 0.000 ' .250 .10416
2% 0.700 . 0.29167 | .250 .10416
3 0.800 0.33333 1 . 249 103750
4 0.900 0.37500 | .248 ©.103333
5 1.000 0.41667 |  .245 .102083
6 1.100 0.45833 |- .241 |  .100417,
7 1.200 0.s0000 |} .237- | .098750
8 1.300 0.54167 230 1 .095833
9 . 1.400 0.58333 | . .223 ©.092917
10 1.500 0.62500 .11 .087917
11 1.600 | 0.6666/ |  .198° 382500
12 1.700 0.70833 184 .076667
13 1.800 ~ o.75000 .} .67 | .069583
14 1.900 - 0.79167, | .147 .061250
15 2.000 .| 0.83333 a27 |0 052917
16 2,100 | o.87500 | .85 | .0s3750
17 2,200 | 0.91667 L0806 | .033333
18" 2,300 0.95833 o .osL- | .021258
19 2.400 | 1.000 00 | .oo0

. * Straight section

Eiéure 2 - Fairing Section Shape
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for transmission thfough the towline to the shipboard instrumentarion. An FM
discriminator aboard ship separated the composite signal into component signals
proportional to those at the individual sensors. These were graphically or digi-
tally recorded as shown in the block diagram (Figure 3).

A The kite angle, which is the angle the towline projects port or starboard of
the ship's centerline onto the transverse vertical plane, was not measured directly. .
Rather, measurements were made of the towline angle, and the skew angle which is
the angle the towline projects §ort or starboard of the ships centerline onto the
horizontal plane. The towline angle ¢, kite angle £, and skew angle v are shown
schematically in Figure 4{. The kite angle is related to the skew angle by the

following:

-1 sin y

= tan
8 : tan $

o <

TENSION
TOWPOINT: :

STREAM VELOCITY

- Figure 4 - Schematfc Showing Relatipnsﬁip Between:
Skew Angle ¢ and Kite Angle 8

MECHANICAL EQUIPMENT AND PRuCEDURB' » ‘
Tte evaluatiod was conducted in The Gulf of Mexico aboard R/V ATHENA. A

sketch of the towing prrangeneni‘Ls shown i{n Figure 5,  Tte winch drum on the ship

8
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was provided with a plastic grboved surface about which the towline was wrapped.
The groove, which matched the shape of the leading edge of the towline fairing, is
shown in Figure 6. The purpose of the groove was to minimize any damage to the
fairing during reeling operations and storage. The winch drum with the towline
stored is shown in Figure 7.

An A-frame and sheave installed on the ship fantail provided a means to’
launch and retrieve the depressor and the towline. The A-frame and sheave are
shown in Figure 8., Tpre depressor body used for the experiments is shown in
‘Figure 9. The lift force of the depressor can be varied by manually changing the
angle of incidence of the depressor wing. A

The experiments were conducted with a depressor wing incidence Setting of
5.33.deg (leading edge down) and tovliné scopes of 229 and 429 ft (69.8 and
130.8m) measured from the ship attaéhnent‘point, '

Towing was varied from 12.5 to 25 knots. Reciprocal headings were run at the
longer towline scopes. HidwayAthrouéh the experiments, fairing support rings
were added to the cable at intervals of 10 ft (3m) for tke first 100 ft (30.5m)
nearest the depressor and then in 15-ft (4.6-m) intervals for the remaining cable
up to a total ‘ength of 421 ft (128.3m). The rings consisted of l-in. (25.4-mm)
lengths of split PVC tubing, with an inside diametef slightly smaller than the
diameter of the cable, that were epoxied to the cable and held in place with
stainless-steel banding straps. The rings were added to transfer the tangential
tiydrodynamic ldadiﬁg from the fairing to the cable.

Following the data runs, an endurance evaluation was conducted at 25 knots
for & hou;s to obfain an indication of the Aurabilitv of the fairing and to ascer-4
tain consistent kiting performance with time. The towline was inspected after

2-hour and 4-hour towing intervals.

, RESULTS - ‘

There were no problems wlth’feeling the‘towliﬁe off the winch drum; however,
soﬁe'}earing'of the fairing nose piece occurred duriﬁg retrieval of the towline
whenever the lea&ing edge of the nose piqcé came 1n£o contact with the trailing
edge of the previous vrap.. This problem could be solved through use of the
proper level winding arrangement. ,

Observat fons of towl§ne performance prior to the addition of ‘support rgngs

revealed fncrénstng'valnen of skew angle with time. Skew increased to both port

10 -




PSD 346001-5 '. :
Figure 6 - Winch Drum with Extrusion




PSD 346091-11

Figure 8 - A-Frame and Sheave

PSD 3460917

Figure 9 - Depressor Body




and starboard from virtually zero up to 30 degrees within ! hour of :owing at the
highér speeds. The severe and time varying skew angles observed were believed to
be a result of the inability of the fairing sectibns to effectively transfer the
tangential hydrodynamic forces to the cable, These forces, which increase with
increased scope -and speed, induced jamming and interference between fairing sec-
tions (called stacking) which eventually preventéd the fairing from freely swivel-
ing on the cable. The installation of rings at short intervals transferred the
tangential force fror the fairing to the cablé to keep theustackiﬁg force to a
minimum and'thus improved the ability of the fairing to free swivel and, there-
fore, align itself with the flow. .

Followiné the addition of support rings, the skew angle was reduced in magni-
tude and remained time invariant. At speeds below 18 knots,. the towline skew-
angle varied as a function of speed from 0 to 20 degrees to port while at speeds
abeve 18 knoté the towline skew angle vafied from 0 to 20 degrees to starboard.
The measured towline skeﬁ angle with support rings is presented as a function of
speed in Figure 10. 1

The measured towline skew angles with support rings are acceptable for towing
from surface shiﬁs; however, when towing from a submarine these skew angles may
possibly damage the fairing where ‘the towline comes in contact with the léngio.
tudinal rollers on the doors. The skew angleslﬁay be caused by an asymmetry in
the fairing sectiéﬁs or friction in the support rings under higher loads. Kiting
may be reduced by reducing any manufacturing asymmetry and/or 1mproving the sup-~
port rings.

The fair‘ng survived adequately duting extended towing. No visible damage
was sustained during approximately 10 hours of total towing time, over 5 hours
. at A speed of 25 knots.. Towline tension and angle at the depFessot and depressor
piteh angle'are presented as functions of speed in Fiéures i1 through 13. The
towline tension and angle at the depressor along with assumed towline hydrodynamic
loading functions were used as input into a Flexible Cable Ptogram to determine
the drag coefficient for the towline. The hydrodynanlc 1oad1ng functions used

were obtained by Halton2 for a sectional fairing of similar shape.

oA complete listing of references ls:given on page 26,

.!5 '
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Figure 11 - Depressor Tension as a Function of Speed
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_ DEPRESSOR PITCH ANGLE (degrees)
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O 429 FT (130.8m)
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Figure 13 - Depressor Pitch Angle as a Function of Speed
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Walton's loadiny functions for sectional fairing are: .
£ = -i.5716 + 1.7367 cos¢ + 2.4064 sin¢ 1)

-0.1651 cos 2¢ - 0.7808 sin 2¢
£ = -0,1158 + 0.4641 cos + 0.1158 sin¢ : (2]
where fﬁ and ft'are the normal and tangential loading functions, respectively; and

¢ is the vert:icil towline angle with respect to the free stream (see Figure 4).

The drag cozfiicient C, is defined to be,

R

R - (3]

C, = —————
(1/2) oVt

R

where,
R is the drag per unit of towline length when the towline is normal to the
free stream (¢ = 90 deg), '
‘p is the mass density of the fluid,
V is the towing speed, and
t is fairing thickness.
The drag coefficient is assumed to be a function only of the Reynolds number.

* Reynolds number Rn is defined to be
R = Ve/v | o (4]

where v is the kinematic viscosity of the fluid
Various values for the. drag coefflcient vere assumed in the analysies until a
' reasonable cottelation was obtained between the measured and predicted towing depth.
Drag coefficient is plotted as a function of Reynolds numbar in Figure 14,
Some scatter is apparent, but the drag eoeificient appears to have a vialue of
.-approximately 0.2. . ' ,
. Measured values for deptessor depth, towline tension at the ahip, and towline
angle at the ship are compared to predicted values using a drag coefficient of 0.2
in Figures 15 threugﬁ 17. The predictions are within the accuracy of the data.
7 Several types of towline fairing have been'evalueted'in the laboratory to
determine their hydrodynamic loading functions and drag coefficients., A compila-
tion of these results was made by Folb3 who gave a drag coefficient for ribbon
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lFigure" 16 - Tension at' the Ship as a Function of Speed
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fairing between 0.85 and 1.1, trailing fairing bétween 0.35 and. 0.65, and sec-
tional fairing between 0.1 and 0.25. The drag coefficient of 0.2 obtained for '

this design of Fathom Flexnose fairing is within the range of other sectional
fairings that have been evaluated. )

CONCLUSIONS
The tests conducted for the Flexnose lead to the following conclusions:

1. The Fathom Flexnose fairing as configured has a constant drag coefficient
of 0.2 over a range of Reynolds numbers from 0.645 x 10 to 1. 366 x 105

2. The Flexnose towline will exhibit severe skew aagles without fairing

support rings due to stacking of the fairing sections.

3. The degree of skew can be reduced significantly by the addition of fairing
support rings. The present towline exhibits acceptable skew with this addition.
4. The Fathom Flexnose fairing'will sustain no damage after 4 hours of

towing at 25 knots; however, durability during long—tétﬁltawing is unknown.
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH.
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

. 2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM. ,
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTERZST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMURANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORK'NG PAPEKS INTENDED FOR IN.
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH IND!CATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT, ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY.CASE
BASIS. '




