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INTRODUCT ION r -‘

~Values of the non—dimensional cable functions used in computations
to obtain towcable tensions, towed h~dy depth and towed body trail
are listed in Table I of DTMB 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
Eublished so as to amplify and simplify the utility. es-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).

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

~~~~

-‘
~ c...~ 

bare toweable). 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.

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 toweable 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 refer9nce (a) or of the computer
program. 
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¶ No. 9j~ —27—b3CONSTRUCTION OF THE GR~

Figure 1 is a plot of the non-dimensional cable functions , i- , o ,~~~,and ‘i . (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 I from 0.01 through 0.03 covers problems
concerned with bare circular cables. (Pode, in a later report (reference
(c)), modified the hydrodynamic loading functions in order to approxi—
mate the forces on a faired cable. However, reference (b), by being
more exact, still remains the acceptable solution fo red cables.)~-.—For faired cables, Pode recommended (see reference b ,

‘ valuès of
f as high as 0 5 .  N~~~i~~itan ng a variance n I —values (the low
values for bare circular cables and the higher values for f aired cables),
the graphical plot in Figure 1 can be used for approximate solutions
to both bare and faired cables.., An advantage of using this granbio.ai
plot Is in being able to interpolate between the critical angle para-
meter.

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

T = T/T (1)

— Rs /T  (2)

= R u T  (3)

= R y / T (L)

Transferring the reference point from the towst nff  to any other poi nt
on the towcable leads to the following equations :

~ n T  (la )
kff ~ s floi ~

Rs/T = ( ? n )

Rx/ T 0 — (~ — e 0) Ir0 ( 3 a)
DlSTIIBUT IOp/AvA I~~B,[;ry ~~~~

Ry / T 0 — (,~—~ 0)/n  ~~~~~~~~~~~~~~~~~~~~~~~ (I~a)

1~where :
T the tension at any point on the cable;

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

= constant value of angle ~ when cable by itself is towed freely;

T 0 = tension at towpoint. (cable attachment point on towed body);

s amount of cable between any point on the cable and towed body 
2

attachment point;
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tr~~t ~.±stance (horizontal pro.~eetion of cable length s) ;

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

R cable drag per unit length when cable i~. normal to direction
of motion;

R C ~~p/2 i V 2;

CD = 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 toustaff location.

Figure 2 is a plot of circular cable drag coeff1c1~ nts~ versus
Reynolds Number (Np )— V  d7,~ : - 

V is the velocity of tow (ft./sec),
d is the largest cro~s—sectional diameter of the bare or f aired 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 f’t2/sec

Figure 3 is a plot of drag coefficient as a function of Reynolds
Number for sei~ i’al bodies of 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 possib]e,
the actual drag coefficient of the faired cable 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 solutioris are illustrated on Figure 1.

— COMPUTATIONS FOR AN EXISTING TG~4LINE —
~~~~~~

A. Basic Information Needed

(a) Diameter of’ the cable or largest cross—sect.ional thickness
of fai r ing;

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

(c) Water weight of towed ob~ect;

‘/4
_’ 3
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(d) Largest d1~srneter (D) and l irgest cross—sectional area (A)
of’ towed object; ariJ

(a) 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 Comnutatioris

With the basic information above, the following is next computed:

(a) The normal drag force per unit length on the towline;

(h) The critical angle 
~~, , obtained from the table on Fig. 1;

(c) The normal drag force on the towed object;

(d) The towed body towstaf’f 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 :

(~ ) 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 t.ovllne.

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

(1) Same as items (a)—(l) through (a)—(5) above ,

4
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(b) For constant depth of the towed object and different
speeds of tow, to obtain:

(1) Amoun t of cable payed—out;

(2) Trail of towed object;

(3) Toweable tensions; and

(L) Scope of’ the towliue,

C~JiPUTATIONS FOR A N~,4 DESIGN OF A TG.JLINE

A. Basic Informati on Needed

(~) Range of’ diameter of’ cable or largest thickness of
fairing;

(b) Range of weight per linear foot of’ cable in water;

(c) Water weight of towed object;

(a) Largest diameter (D) and cross—sectional rea (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
ob,iect at each tow speed (use Fig. 3 If necessary).

(3) Approxima te coefficient of’ normal drag of’ the
towline cable pt each tow speed. (Use Figure ‘ if’
necessary)

B. Preliminary Computptions

For each proposed towline, the following is next computed :

(a) The normal drag f’orce per unit length of towline;

(b) The critical angle .
~~ , obtained from the table on Fig. 1:

(c) The normal drag force on the towed object;

(d) The towed body towstaf’f angle , and

(.) The total cable tension at the towstaff. c

________________________________ —~
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C. & lut lons  Avai lable  Using the Graphs

The same solutions outlined previously can he obtained . The solutions
obtained are for a preliminary design ; more rigorous solutions should be
performed for the particular towline selected .

TYPICA L PRIflILEM ~0L1]T 0N

For an existing towline , the following is known :

(a) Largest cross—section diameter of fairing = 1 .75 inches;
‘b) Weight per linear foot of cabl e in water = 7 lbs.~

’foot;
(e) dater weight of towed object = 25,000 lbs.;
(d) Largest diameter of towed object 12 feet;
(e) Largest cross—sectiona l area of towed object = 113 ft.2;
tf) Towing speed = 19.5 knots 33 fps .

Reynolds Number

The Reynolds number~f or the towline and towed object are :

For the towline : N — Vcl/v — ~~~ 
(1.75/’12) 4 x 1 0  (5)
1.2x10 5

For the towed body : N~ — VD/v ~~ 3.3 x 10’ “ 6)
1.2 x i0~

Coefficien ts of Drag:

For the towline : Assuming the cable is bare , from Figure 2 at

4 x 105; CD 1.

Assuming the cable is faired and in the sha pe of an airshi p hull ,
from Figure 3 at

NR - 4 x  i05; CD = O .OR.

For the towed body : Assuming an airship hull shape , from Figure 3
at. NR = 3.3x107; ‘

~~~~ falls outside the limits of Fi gure ~~~.

The va lue of CD = 0.08 is extra polated from an extended curve.

6
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For the ‘a lle :  R — C p12 dV 2
D ( 7 )

F-r the t . I ~~ e i  body : F0 — C5 p12 AV 2

Norma l ir ’tg on the bare cable t ou l i n e  = R — l.O (~/2) ! .Z! (33) 2 
— 159 lbsj ft.

12 (8)

~~~~~~ Dra g ~ fa i red t o w l in e  R — O.OR (p/2) (33) 2 
— 12.6 lbs./ft.

where p/2 ‘ 1

These cal.cuin tlor.s of cable drag show tha t It is important to
streamline the cable for high speed t-ws . For the reinal ninr ca l culations ,
the towline will be assumed faired .

Towed B~ 1y Drag Farce - 0.0$ (p/2) ( 113)  (33) 2 
~ 10,000 lbs.

Tow~thff Tension T — [(Towed Body Weight)2 + ( Drag F0,ce)~ f~
— 27,000 lbs.

The Tnwatnff’ Anile is: ‘l~ — cot~
1 F 5/ liody Wei ght

Critlcal Angle of ~able~ V/R — 7/12.6 — 0.56; from Tabl e In FI g. 1,

~ 40°

No n -Dim an a inna l Cable Functions at Towed Bo4y:

r towataff angle of 680 and ‘l eoun l to 40° , the following ~s obtn~ ned

from F~gurel : r — 1.28 (1.2836) ’

— 0.525 (0.5214) (11

— OAt (0. 1098)
— 0.50 (0.5065)

‘V’ilu es ~.n parenthesis are taken from the tables of Reference (a for
4’ 

~~~~ They are shown for com~~r1aon purposes. The largest discrepancy
should  be on the o~~er of 4 to 5~~.

~

_ - - - ,

~ 
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Towing Conditions

Solutions will be obtained for the following conditions: 4-4

k.. Cable Payed Out of 600_Feet 
-

(a) At the water surface (from equation 2a):
Rsr0 (12.6) (600) (1.28) (12)

a — — + a — + 0.525 — 0.879T0 ° 27000

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

From Figure (1) with ç~ equal to 40
0 

and ~ 1 equa l to 0.879, the angle at
the water surface is found to be q~~, eaual to 60 degrees. The remaining
cable functions at the surface are therefore :

= 1.45 (1.4534)
= 0.25 (0.2591) (13)
= 0.80 (0.8088)

(b) Depth of towed body (from equation (4 a ) ) :

— ~~ 27000 (0.80 —0.50)Depth y 502 feet ( 14)
R i -0 12.6(1.28)

(c) Trail of towed body, (from equation (3a)):
T0 ~~~ 

— ~~ 27000 (0.2 5 — 0 .11) ( 15)
Trad = = 251 feet

Rr0 12.6 (1.28)

(d) Towline tension at surface. (from equation ( i s ) ) :

Tcnsjon T 1~ T / y  = (27000) 31000 .lbs ~
‘i6)

1 1 0 0 1.28

B~~~ Tow1ng Deoth of 350 feet

Since the cable function constants at the towstaff are unchanged :

(~~) At the water surface , from equation (4 e ) :

— 

~~~~~~~~~ 

+ — 
(12.6)(35:)(1.28) 

+ 0.50 — 0.71 (17)

“By varying the length a , the pa rameters along the towcable length can be

obtained . In all the illustrations , only the pa rameters at top and bottom

of the towline cable are computed . 8

_ _ _ _
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From FIgure ( 1 ) ,  wI t~ . ~
. 
~u~il ~. o 1.0 Iier rc.~~ and q

~ equol to 0.71,the angle at the surf~ire is found to he 62 degrees.

The remaining cable functions are :

T 1 — 1.40 (1.4047)
— 0.75 (0.7597) (18)
- 0.20 (0.1901)

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

R s 
~~C ~~~~— + 0

T 0

T0 27000 (0.75 — 0.525) ~i q )
Cable Length — a — (a — i ~ ) —

R i -,, 1 0 12.6 (1.28)

‘~ 377 (cci

(c) Trail of towed object from eauntion (3a):

T0 27000 (0.2—0.11)Trail x — (~ — 
~~ 

) — ______________

RT~ 
I 12.6(1.28) (20)

151 feet

(d) Towline tension at. wa ter surface from equa t ion  ( i n ) ) :

T i 1 ITI ~ 0 0 
f , -  \

— (27000)
1.28

— 29500 lbs.

CON CLI STUN S

The non—dimensional cable functions tabulated or~g1nn~ ly by L . V d e
have been graphed for the ringe of f (ratio of tnngentia 1 to norma l drarcoefficients) of 0.01 to 0.03, and cable angl e ~ from 10 through 9C degrees.
The critical angle parameter, c~ , is represented in 5—degree interva 1 s
through 10 to 85 degrees. Typi ca l calculations are shown on the gra phed cable
functions . Plots of coefficients of drag for  ba re cables and some bodies of
revolut ion are also Included . 

~~~~ 
~~~~~~~~~~~~~~~~~~

MATTHEW F. P0R~
P’~echn nice I F~n~ I neer

9
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~~~~~~~ Lr T~ 1~~3

__________ ft’~i t ;  I
L ir ~~’ t  -r :—~~~~~~~ r,~~ ar~’a 0”

a l. f :.

C - t ! o ~~~~t of Noyral ~rnc

i 1 :~~p .~t :ii~~ ter of tL; ~~~~~~ bo~ ,’ f t .

o~ ~jori~ c~~ n1 ~~~~ f’ c r ~~’ a~~ in. t
t O’.~’~-’ :y l~ a.

~~ -~~~~t~~r o~ r~ L 1~ 4’t .

~~~~~ ~c~~Lt of’ t )wp h~ jy  lbs .

~~~~~~~~~ 1~: ~~~n:~h.--r —

F. Cable ~~~ w~~en ~ .b) e I ~ or -al ~hs ,/ft.to  -~ire’t~ c~i o: r~otioc

* L~ :i~~t~. of ~qbl -‘ h ct  wc~~ nny ro~ r.t f t .
~~ ~~: -  ~~~ ~~! ~

‘ t( ~.C Uoa” ~ tta-.~~n—

~:~~rt r o irt

or at a’~ ~~~~~ ~.t o~ th- cch lc ’  1 h.

Tena~ o~. nt t -ow~-o~ p t (at tovrtaf~) irs.
(Also r r 4 ’r ’n c e )

V Velocity of t~ ’.~’ fL/sec.

~Jnit weight o” to~’l!:.~- r. wat-~-:’ ~‘s~1 ~~
‘

N or .—dimen giona l ratio: —

z ~~~~~~~_ o r tn~~ 1--r o ~ ‘tia:- o~ c ’iLl~ :~
lengt h (Trn~ l ~~nt ance)

y ‘Jert~ cal proj.~”t~ on of’ ~~I’lt~ f’t.
lenCth (Dep th dia t :ice)

Cable functic~n o r:al to R~/ r rc:~~-r or ce;

V Kinema t i c  V~~ coslt~ of aei water ft .7

~
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3~~ rjj ol L)efinitlon

Ca~ 1e F~ r. ct ion equal to
Rx/T reference

P !‘oaa de r~~ity of ~~a j ater ibs._sec2/~t
1.

0 Cable ~‘~ r~~ti~ n e~~~ 1 to
non—dinensional

Rs/T reference

Angle between tangent to the decrrecs
cable and the direction of
motion , at any c~ir.t on the cable

Value of Angle ~ when cable (by ~tse1f)
is towed freely (~ F (W/R)) degrees

Subscript zero ref’~r s to towstaff point.

Subscri pt one rc~fer~ to point  at water surface ,

--____ - a---—— - —— -~~~~ -~
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