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INTRODUCTION — |

\NValues of the non-dimensional cable functions used in computations

to obtain towcable tensions, towed bndy depth and towed body trail

are listed in Table I of DIMB Report No, 687, (reference (a)). This
memorandum contains a compendium of the non-dimensional cable functions
in the form of a single graph and examples of typical solutions in

towed body applications. The graphical plot and typical solutions are
published so as to amplify and sfﬁpilfzfghe utility, of reference {a):
The cable functions when used in the abridged form shown will enable

engineers to obtain approximate solutions to towed body problems., This

memorandum is not intended to supersede reference (a). r\\

BACKGROUND

The cable functions shown in reference (a) resulted from analyses
performed at the David Taylor Model Basin by L. Pode, These functions
are exact when used for a non-streamlined circular towline (i.e., a
bare towcable), For a streamlined or faired towcable, the tables in
reference (a) have been supplanted by the more exact analyses made by
Whicker in reference (b). Whicker's solution in the limit for a cir-
cular cross-section, becomes identical with Pode's solution,

{9/

USL is preparing an IBM-704 computer program in which the theoreti-
cal analyses of reference (b) are used., Therefore, at USL, towed body
situations involving either a bare or faired towcable should be solved
accurately and expeditiously by the computer program.

In the process of designing a towline system, or of checking the
response of an existing towed system, the engineer may not desire a
rigorous computer solution. The graphical plot will fill the need for
an approximate solution. If a more accurate solution is needed, use
should be made of either the tables of referance (a) or of the computer

program, Di
APPfoved for publi

€ release;
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No, 933-27-6:
CONSTRUCTION OF THE GR. ont 3

Figure 1 is a plot of the non-dimensional cable functions, 7,0, £,
and n . (See "Glossary of Terms" for definitions of symbols), The
functions are plotted on the ordinate scale, The abscissa scale is
the cable angle ¢ . The functions are plotted through the range of
critical angles, ¢, from 10 to 85 degrees, at 5-degree intervals, The
plotted functions cover the range of f (ratio of the tangential to the
normal cable drag coefficients) from 0,01 through 0,03, with negligible
differences, The range of f from 0,01 through 0,03 covers problems
concerned with bare circular cables, (Pode, in a later report (reference
(¢)), modified the hydrodynamic loading functions in order to approxi-
mate the forces on a faired cable. However, refarence (b), by being
more exact, still remains the acceptable solution fo red cables,)
For faired cables, Pode recommended (see reference ‘bﬁ?@zvalues of
f as high as 0,5, NEEGIEEEEEEHIHE’%HE"Virlance n f -values (the low
values for bare circular cables and the higher values for faired cables),

& the graphical plot in Figure 1 can be used for approximate solutions
to both bare and faired cables., An advantage of using this graphical

plot is in being able to interpolate between the critical angle para-
ueter.

The non-dimensional cable functions, with respect to the towstaff point
of the coordinate system, are by definitions (references (a) and (b)):

e, = /%, (1)
o, = Rs/T, (2)
£ = Re/T, (3)
n, = Ry/T, (4)

Transferring the reference point from the towstaff to any other point
on the towcable leads to the following equaticns:

ACGESSION for
T, /T, = FIT T Witte Sectien 1 - (1a)
boe Bt Section [
@ =v) UNANNOUNCED o
Rs/T, = — ~ , JusiFicaTion #&R8 m (22)
o &
Rx/T, = £- Eo)/To B e o l (3a)
DISTRIBUTION /AVAILABILITY £oocs
Ry/T, = (n=n)/7, Dt avAIL i o el - (4e)
where: i
T = the tension at any point on the cable; f

¢ = the angle between a tangent to the cable and the direction of
motion at any point on the cable;

oS-
o
n

constant value of angle ¢ when cable by itself is towed freely;
T, = tension at towpoint (cable attachment point on towed body);

s = amount of cable between any point on the cable and towed body
attachment point;

BT
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x = trail distance (horizontal projection of cable length s);

y = nominal depth of towed body (vertical projection of cable
lengths);

R = cable drag per unit length when cable is normal to direction
of motion;

R = Cpp/2d Ve

Cp = coefficient of normal drag, see Figure 2;

d = diameter of cable;

p = mass density of sea water ( & 2 in the English system), and
V = speed of tow,

The subscript zero refers to the towstaff location,

Figure 2 is a plot of circular cable drag coefficients versus
Reynolds Number (Np)=V d/v : V is the velocity of tow (ft./sec),

d is the largast cross-sectional diameter of the bare or faired tow-
cable (ft,) and v is the kinematic viscosity of sea water which,

at atmospheric pressure and a temperature of 60 degrees Fahrenheit,

is approximately equal to 1,2 x 10-5 ftz/sec.

Figure 3 is a plot of drag coefficient as a function of Reynolds
Number for several bodies ol revolution. This graph is useful for
determining the drag coefficient for both a streamlined or faired
cable and a towed object, Figure 3 is useful for illustrating the

range of drag coefficients for various bodies of revolution, If possible,
the actual drag coefficient of the faired catle or towed body (if differ-

ent from Figure 3) should be used.

Typical examples using the graphs of Figures 1, 2, and 3 are
shown illustrated directly on Figure 1, The procedures for solving
the parameters of an existing or new design type towline are delineated
below, Representative solutions are illustrated on Figure 1,

~——=- COMPUTATIONS FOR AN EXISTING TOWLINE —=——

A. Basic Information Needed

(a) Diameter of the cable or largest cross-sectional thickness
of fairing;

(b) Weight per linear foot of cable in the water;

(c) Water weight of towed object;

o«
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(d) Largest diameter (D) and largest cross-sectional area (A)
of towed object; and

(e) Range of tow speeds,
The following can be obtained:
(1) Reynolds number at each tow speed;
(2) Approximate coefficient of form drag of the towed
object at each tow speed (use Fig. 3 if necessary);

and

(3) Approximate coefficient of normal drag of the towline
cable at each tow speed (use Fig, 2 if necessary).

B. Preliminary Computatiors
With the basic information above, the following is next computed:
(a) The normal drag force per unit length on the towline;
(b) The critical angle ¢, obtained from the table on Fig. 1;
(¢) The normal drag force on the towed object;
(d) The towed body towstaff angle, and
(e) The total cable tension at the towstaff,

C. Solutions Available Using the Graphs

With the above preliminary computations and by means of Fig. 1, the
following may be obtained:

(a) For constant amount of cable payed-out and different
speeds of tow:

(1) Depth of towed object;

(2) Trail of towed object;

(3) Towcable tension at water surface;

(4) Scope of the towline (the shape of the towline curve), and
(5) The horizontal and vertical projection of the towline.

(b) For constant speed of tow and different amounts of cable
payed out:

(1) Same as items (a)-(1) throuph (a)-(S) above.




(b)
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For constant depth of the towed object and different

speeds of tow, to obtain:

(1) Amount of cable payed-out;
(2) Trail of towed object;
(3) Towcable tensions; and

(4) Scope of the towline,

wemmmmee- COMPUTATIONS FOR A NEW DESIGN OF A TOWLINE ===

A. Basic Information Needed

(a)
fairing;

(b)
(c)
(a)

object; and

(e)

Range of diameter of cable or largest thickness of

Range of weight per linear foot of cable in water;
Water weight of towed object;

Largest diameter (D) and cross-sectional area(A) of towed

Range of tow speeds.

The following can be obtained:

(1) Reynolds number at each tow speed;

(2) Approximate coefficient of form drag of the towed
object at each tow speed (use Fig, 3 if necessary).

(3) Approximate coefficient of normal drag of the
towline cable at each tow speed, (Use Figure 2 if
necessary)

B. Preliminary Computations

For each proposed towline, the following is next computed:

(a)
(b)
(e)
(d)
(o)

The normal drag force per unit length of towline;

The critical angle ¢, , obtained from the table on Fig, 1;
The normal drag force on the towed object;

The towed body towstaff angle, and

The total cable tension at the towstaff, 5

ey
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Soluti Available Usi the G hs

The same solutions outlined previously can be obtained. The solutions

obtained are for a preliminary design; more rigorous solutions should be
performed for the particular towline selected.

3 Q m

For an existing towline, the following is knoun:

(a) larpest cross-section diameter of fairing = 1.75 inches;
{b) Weight per linear foot of cable in water 7 1bs./foot;
(¢) Water weight of towed object = 25,000 1bs.;

(dj Largest diameter of towed object = 12 feet;

(e) Largest cross-sectional area of towed object = 113 ft.z;
(f) Towing speed = 19.5 knots = 33 fps.

Reynolds Number

The Reynolds numbersfor the towline and towed object are:
For the towline: N_ = Vd/v = BB/ 4x 108 (5)
1.2 x 1078

For the towed body: N, = VD/y = —2U2D_ _ 33, 107 6)
L2x10°%

Coefficients of Drag:

For the towline: Assuming the cable is bare, from Figure 2 at
Np = 4 x 105; Cp = 1,
Assuming the catle is faired and in the shape of an airship hull,
from Figure 3 at
NR = 4 x 105; Cp = 0.08,

For the towed body: Assuming an airship hull shape, from Figure 3

at NR = 3.3x107; VR falls outside the limits of Figure 3.

The value of CD = 0.08 is extrapolated from an extended curve.
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« AR Ny

For the cable: R = C_ p/2 dV? (7)
7

For the towed body: F_ = C, p/2 AV?

Normal Drag on the bare cable towline = R = L0 (p/z)% (33)7 = 159 Ibs./fe.
(8)
Normal Drag on faired towline = R = 0.08 (p/2) ‘l—;’ (33)7 = 12.6 Ibs./fe.

where p/2 * 1

These calculations of cable drag show that it is important to
streamline the cable for high speed tows. For the remaining calculations,
the towline will be assumed faired.

Jowed Body Drag Force -  0.08 (p/2) (113) (33) = 10,000 Ibs.

Towstaff Tension = T, = [(Towed Body Weight)? + (Drag Force)’]%

= 27,000 Ibs.
The Toustaff Angle is; ¢ = cot”! F /Body Weight
Y 68°
Lritical Angle of Cable: W/R = 7/12.6 = 0.56; from Table in Fig. 1,
é, X 40° (10)
Non-Dimensional Cable Functions at Towed Body:

For towstaff angle of 68° and ¢, equal to 40°, the following is obtained

from Figure 1: 7, = 128 (1.2836)° ‘
o, = 0.525  (0.5214) (11)
£ = 041  (0.1098)
n, = 0.50  (0.506%)

*Walues in parenthesis are taken !“rom the tables of Reference (a) for
f = 0.02. They are shown for comparison purposes. The largest discrepancy
should be on the order of 4 to 5%.
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Towing Conditi

Solutions will be obtained for the following conditions:

&. Cable Payed Out of 600 Feet
(a) At the water surface (from equation 2a):
o Rs7o ., . (12:6) (600) (1.28) (12)

a 2 —— + 0.525 = 0-879
5 T, = 27000

where subscript (1) refers to the location at the water surface.

From Figure (1) with ¢_equal to 40° and o,equal to 0.879, the angle at
the yater surface is found to be $,, equal to 60 degrees. The remaining
cable functions at the surface are therefore:

Tl = 1.45 (104534) i
£ = 0.25 (0.2591) (13) L
H n, = 0.80  (0,8088)
‘ (b) Depth of towed body (from equation (4a)):
T - -
Dk = 3 s o1 = 7o) 27000 (0.80 - 0.50) T (14)
RT, 12.6 (1.28)
(¢) Trail of towed body, (from equation (3a)):
T - = (15)
T ok o (&1 éo)= 27000 (0.25 - 0.11) _ ,o) (o 15)
R, 12.6 (1.28)
(d) Towline tension at surface. (from equation (1a)):
Tension = T, = ¥ To/‘ro = %‘2% (27000) = 31000 Ibs (16)

B, Towing Depth of 350 feet
Since the cable function constants at the towstaff are unchanged:
(a) At the water surface, from equation (4a):

BT, L, L 126050 028
i 27000

", = 0.50 = 0.71 (17)

he towcable length can be
Ly arying the length s , the perameters along t
o£2§1:e§¥ %n all the illu;trations, only the parameters at top and bottom

of the towline cable are computed. 8




USL Tech. Memo.
No. 933-27-63

From Figure (1), with ¢ equal to 40 degrees and 7y, eaual to Q71
the angle at the surface is found to be 62 degrees.

The remaining cable functions are:

T, = LA0  (L.4047)
o, = 0.75  (0.7597) (18)
£ = 020  (0.1901)

(b) Length of cable necessary to maintain depth of 350 feet, from
equation (2a):

Rs7,
ol = + ao
3 (19)
7000 (0.75 - 0.525 \ 1
CnbleLength-se-—o(nl-o)uz . 25)
R7, i 12.6 (1.28)

= 377 fcet

(¢) Trail of towed object from equation (3a):

T -
Trail = x = —> (£, - ¢ ) = 27000 (0.2 - 0.11)
Ky & 12.6 (1.28) (20)
= 151 feet

(d) Towline tension at water surface from equation (1a)):

T‘ = 1‘T°/T“

« 140 22000y
1.28

= 29500 Ibs.

CONCLUSIONS

The non-dimensional cable functions tabulated originally by L. Pode
have been praphed for the range of f (ratio of tangential to normal drap
coefficients) of 0.01 to 0.03, and cable angle ¢ from 10 through 90 degrees.
The critical angle parameter, ¢_, is represented in S5-degree intervals
through 10 to 85 degrees. Typical calculations are shown on the graphed cable
functions. Plots of coefficients of drag for bare cables and some bodies of

revolution are also included. /ﬂﬁﬂ%}a 2%/”
v

A g . 1
Mechanical Engineer
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GLOSSARY OF TERMS

Definition

Laryrest cross-cectional area of
towed body

Coefficient of Normal Drag
Largest diameter of towed body

Horizontal drag force against
towed body

Diameter of cable
Water weight of towed body
Reynolds number

Cable drap when cable is rormal
to direction of motion

Length of cable between any point
on the cable and towed body attach-
ment point

Tension at any point on the cable

Tension at towpoint (at towstaff')
(Also T referance)

Velocity of tow

Unit weight of towline in water
Non-dimensional ratio: W/R
Horizontal Frojection of cable
length (Trail distance)
Vertical projection of cable
length (Depth distance)

Cable function equal to Rv/T "
g referen

Kinematic Viscosity of sea water

lbs./ft.

ft.

fe./sec.
1bs./ft,

—

'Y,

ite

non=
dimensicnal

>
f‘t"/sec.
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Symbol Definition Units
¢ Cable Function equal to non-dimensional
Rx/T ref'erence
P Mass density of sea water lbs.-secz/ftL
C Cable furction equal to : -
non-dimensional
Rs/T reference
b Angle between tangent to tle degrees
cable and the direction of
motion, at any pocint on the cable
> Value of Angle ¢ when cable (by itself)
is towed freely (¢, = F(W/R)) degrees

Subscript zero refers to towstaff point,

f Subscript one refers to point at water surface.




0.78

0.50

025

. VERSUS W/R

" 6. = CRITICAL ANGLE
— W - UNIT WEIGHT IN WATER OF TOWLINE

- (FROM REFERENCE (A))
éc WR s, WR [6¢ WR[o. WR
_[75° 0.00830 0.289 (55 1.170 (80 5.585
(10 0.031]35 0.402 60 1.500 |85 11.387
115 0.069 40 0.539 |65 1.944
~ |20 0.124|45 0.707 |70 2.582
|25_0.197|50 091375 3.60%
5 VD 2 ol

"R =Cpp/2 dV2? - NORMAL DRAG FORCE ON TOWLINE

RN REESERREREE SRABRRERaNEN

PRELIMINARY TOWLINE CALCULATIONS
- (SEE TEXT FOR DETAILY)
_ TOWLINE Ng - Y4 4 104

: V- 33FPS
 TOWBODY N = 2 - 3.3 108{ d = 1.75 INCH

= D - 12 FEET
- Cp TOWLINE = 0.08 (FIG. 3) |, ~ [\ 2

- C,, TOWBODY- 0.08 (FIG. 3)

- TOWLINE DRAG = R = Cpy p/2 dV2 = 12.6 LBS/FT
L TOWBODY DRAG=Cp, p/2 AVZ=10,000 LBS = Fp,

- = 27,000 LBS
TOWBODY WEIGHT = 25,000 LBS.

" T,-TOWSTAFF TENSION - V (TOWBODY WEIGHT)2+FZ |
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2.0 :
T

! Toe
T\ 1.5 i l 44
‘[ (SEE PRELIMINARY CALCULATIONS FOR DATA)
F
TOWSTAF ssveorl—— b
L i TOWBODY WEIGHT |~~~ | -
- coT-! 10,000/25,000 READ FROM GRAPH:
; Bo T 68°
59 TOWLINE CRITICAL ANGLE
W__TLB/FT 4 56, W- CABLE WEIGHT IN WATER & -om

A R 126LB/FT
“‘“” FROM TABLE ABOVE: o_ 7 40° no = 0.50, AND PREVIOUSLY
WITH ¢ - 40°, ¢, - 68° T, - 27,000 LBS (CONT'D BELOW)

5 zg ZB 1. > RS RENNE. AN E R
b 15° Ppe0° i 1 EEsa|
SRS BEemY aaty oo s

4

HEE e

casr i ! |

|
|
|

i < i = SO |
Fig. 1 - Plots of the Non-dimensional Cable Functions (Pode's Solution) 1 :
o S e i . o 'y ! ! v
L 20 25 1) 35 40 as 50 ss
d’ (DLEREES)




T IN WATER
7o = 0-50, AND PREVIOUSLY

T, - 27,000 LBS (CONT’D BELOW)

s

: (B) DEPTH OF TOWED BODY

|

FOR CABLE.PAY-OUT - 600 FEET - §
(A) AT WATER SURFACE (POINT 1)

i A 27,000

1=0.879
WITH ¢ - ﬂ',ol =0.875. FIND ON GRAPH:
- 60° AND HENCE 7, - 1.45,
{, - 0.25, AND , - 0.8.

+0.525

To
DEPTH - Y - -;—‘-"'l 502 FEET
L

" (C) TRAIL OF mveo BODY

9T=75° 'r,-f,r/r~:looo|.as

r TRAIL - X = ‘:f’ < 251 FEET

(D) TOWLINE YENSION OF SURFACE

libna'k C.’Al’)le.l'unclions (P.o‘dv's S.oluti;)n)
! I

l

‘ : l'j' h-8s°

Y 40 43

15 &0 as =
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Fig. 3 - Drag Coefficient as a Function of Reynolds Number for
Several Bodies of Revolution.

(Reprinted with Permission from H. Rouse, Elementary Mechanics
of Fluids, 1946, John Wiley and Sons, Inc., New York)
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