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The Naval Ship Research and Do~elopmunt Center is a U.S. Navy center for laboratory
4 effort directed at achieving improved sea and air vehicles. It was formed in March 1967 by

merging the David Tay lor Model Basin at Carderock , Maryland and the Marine Engineer ing
Laboratory at Annapolis , Mary land.

Naval Ship Research and Development Center
Washington , D.C. 20007
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INTRODUCTION - -

The Nava l Shi p Research and Deve lopment Center (NSRDC) established

a broad research project unde r the Variable Depth Sona r Exp loratory

Development Prog ram di rected toward the deve lopment of improved exper i -

mentaL and analytical techniques for predicting the steady-state cha racter is-

tics of cable-towed systems.  The project , to be completed in two phases ,

consists of (a) basin tests to acertain the hydrodynamic loading funct ion8 of

a faired cabLe and (b) sea tests to ver i fy  and to corre late basin test data and

theoretical predictions with sea test data.  Thi s report is the subject  of the

f i rs t  phase of the project dealing with the basin tests to dete rmine the

loading functi ons . — -
~~~~ ~ “4— ~-

The diffe rential  equation s for describi ng mathemat ica l ly the two-

dimens ional equiLibrium confi guration and forces of a cable-body system’
we re derived a number  of years ago. Solutions for these equat ions  can be ~. 

-

obtained numer ica l ly using a dig ita l com pute r 2 provided the bod y cha racte r-

istic s and cable loading functions are known . The characte ristics of the

towed bod y can eithe r be calculated or experime nta l l y dete rmined using

various mechanisms. 3’’ The cable loading funct ions are not gene r a l l y
known and past practice at NSRDC has been to use the loading funct ions
proposed by diffe rent investig -itors . ” 5 ,6  Some of these funct ions are  based

on the o ry and ot}~~rs are ba sed on l imited experimenta l data; but in the case

of faired towcable s there is considerable doubt as to whethe r any of the

exist ing funct ions can accura te ly  repre sent the h ydrod ynamic loading on an

a r b i t r a r y  fa i red  towcabte . This doubt is borne out in the d i f f e r ence  ob ta ined

in the tangential  loading of seve ra l f a i r i ng  shape s recent l y invest i gated .”

In view of the aforementioned unce rtaintie s, the Lim i ted  exper i rr enta l
data on which to base loa ding functions , and the lack of exper ime nts to
ascer ta in  the validi ty of proposed load ing function s , the NSRDC p roject was
established to obtain the two-dimensional  stead y-sta te  hy drodynamic
loading functions of a faired towcable for app lication to exis t ing and fu tu re
VDS systems and to ascertain the validity and accuracy of the exj ~ rime n t a l l y
obta ined loading funct ions .  The experimental  approach consisted of towing

Refe rences are listed on page 22.
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a rigid faired-cable model in the David Taylor Mode l Basin at variou s
speeds , cable angles, and model subme rgence s and measuring the

hydrodynaniic force using the DTMB Cable Fairing Dynamometer . These
data were then used with a curve -fitting compute r program to obtain
mathematical expressions for the hydrodynamic loading functions . These
data will be used in subsequent predictions and sea tests in the second phase

\..~~ th~~project .
report describes the faired-cable model, the towing dynam omete r ,

and the test procedures; g ives sample curves of normal and tangential forces
versus submergence for various speeds; present s tabulated loading functions;
gives plots of the no rma l and tangentia l Loading func tions ve rsus cable ang le

and a plot of drag coefficient versus Reynolds number; and provide s the rnathe-
matical expressions derived for the loading functions.
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DESCRIPTION OF A FAIRED-CABLE MODEL
The test mode l consists of a simulated stranded cable , a traili ng fai ring

and equally spaced clips as shown in Figure 1. The s imulated cable was
geometrically scaled with a linear ratio of 0.17 5 from a 0.35-inch-diamete r
double-armored cable . The cable consists of twenty-four 0.219-inch-
diame ter strands of copper tubing with a 16.45-inch left-hand lay joine d
to a seam less steel tube . The trai ling fairirig was scaled geome trically to
the proper size using a DTMB T-5 fairing shape , which is con sidered a
continuation of the fairing series contained in Refe rence 10 . The phys ical
characte ristics of the mode l are given in Table 1, and the of f sets are give n

in Table 2.

TABLE 1

Physical Characteristics of the Faired-Cable M ode l

Length, inche s 89.25

Chord , inches 10.6
Cable diamete r , inches 2 .0

Maximum fairing thickness , inches 1. 67

Gap, inche s 0.186

Clip width, inche s 1.50

Clip thickness, inches 0.09

Clip spacing, inches 10.0

Ratio of wetted surface area to projected frontal area 11.49

Projected frontal area, square feet 1. 24

Wetted surface area, square feet 14.25

3
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Figure 1 - Faired-Cable Mode l
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TABLE 2
Dimensional Offsets for T-5 Fairing Model

= o _1IIIIIIIIIIIII~
i

x in inche s * y in inches

1.921 0.8365
3.909 0.8365
4.578 0.8359
5.247 0.8312
5.916 0.8186
6.586 0.7946
7.255 0.7547
7.924 0.6955
8.594 0.6126
9.262 0.5020
9.598 0. 4344
9.931 0.3550

10.267 0.2513
10. 434 0. 1775
10.464 0. 1160 Radius
10.6 0 H

I
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DESCRIPTION OF DYNAMOMETER

The cable-fa i r ing  dynamometer is s hown in Figure 2 with the faired-
- - cable model attached . The normal force  X , Latera l  force Y , and tangential

force Z on the mode l are sensed by 4-inch-cube modular force gages of the

• type described in Refe rence  3. Inte rchangeable gages with capaci t ies

rang ing from 50 pounds to 1000 pounds are  avaiLable  so that hi g h a ccu racy

can be maintained ove r a range of speeds . However , the dynamoniete r

4 des ign l imi ts  any of the three component fo rces  to 500 pound s .

The tilt-table ang le is adjustable so that the cable angle ~ re la t ive  to the

free  stream may be varied fr on~ 90 de g rees to 30 degrees  in s-degree

inc rement s .  The ve r t i ca l  position of the model and t i l t  table is a lso ad ju s t ab le

by means of a hoist to g ive mode l submergences  f rom 0 to 7 f ee t .  A weig ht-

pan system provides a means of c o u n t e r b a l an c i n g  the mode l weight  on the

gages at each subme rgence and cabl e  ang le.

The ins t rumenta t ion  used in this test  consisted of th ree  m o d u l a r - g a g e

controls  uni ts , two in tegra t ing  di g i tal  vo l tmete r s  to record X and Z fo rces ,

and a str ip-cha rt recorder  to moni tor  the Y f o r c e s .  The X , Y , and 1 forces

were measured  with  200-pound-capa c ity, 1000-pound -capacity and 50-pound-

capacity gages , respective ly. Carriage speed was measu red using a photo-

cel l  p i ck -up  and gear  with the signa l fed to an electronic counter.

TEST PROCEDURES

The model was towed in the hi gh-speed bas in  at cable  angles  rang ing

from 90 to 30 degrees  in S-degree i n c r e m e n t s .  The model subn -I e rgence was

varied f rom 67 to 27 inche s in 10-inch inc rements  at v a r i o u s  towing  speeds

4 f rom 2.~ to 6 .5  knots for  each cable ang le. In addition , for a cable  ang l e

of 90 degrees , the m ode l w a s  towed at v a r i o u s  speeds f rom I to 7 knots
at  I l l  s ubmeri~e nc es .  The X , Y , and Z fo rces  a nd ca r r i a e sueeds  ~‘

recorded for a l t  tes t  condi t ions . The Y-fo rce  r e c o r d i ng  w a s  used

pr i~-na r t ly  .-~s a basi s  for a i m ing the mode l wi th  the flow and as a means  to
moni to r  the l at e r a l  osc i l l a t ion s of the model  at t es t  speeds .
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HYDRODYN AMI C FORCE
The two-dimensional, steady-sta te, normal and tangential hyd rodynan,ic

forces X and 1 are tabul ated in Table 3 for  each test  condit ion . Since the
m e a s u r e d  forces  we re gene ra t ed  b y a f in i te  s u r f a c e- p i e r c i n g  model , t h e t e s t
data conta in  both end e f fec t s  and s u r f a c e  e f f ec ts . To e l imina t e  these  e f fe c t s .

. -‘ the values in Table 3 we re obtained b y the fo l lowing  reduct ion technique . The
X and Z forces are plotted as a function of model submergence for each ang le
and speed. T yp ical  cu rves  for the X and Z fo rces  a re  shown in F igu re  3
and 4 , respectivel y, for various speeds and a cable angle of S-s . 1 degrees. As
the subme rgence is i n c reased , a length is reached a f t e r  wh ich  the inc rease  in
the X and Z forces  is d i r e ct l y propor t iona l to the inc r ea se  in subme rgence ,
i . e . ,  end and s u r f a c e  e f f ec t s  do not v a r y  with  subme rgence .  Thu s, t he  two-

I 

- dimensional norma l force or tangential force per unit length shown in
Table 3 for each ang le and speed is the slope , or ~~~~~~~ , of the app rop r i a t e
curve , where s is the submergence .

HYDRODYNAM I C LOADIN G FUNCTIONS
The h yd rody n a t n  ic loading f u n c t i on s  a re  def ine d as the ra t io  of the

s tead y - s t a t e , two d im e n s i o n a l , h ydrod ynami c  fo rces  a c t i n g  on an el emen t
ot  cab l e  at an ang le ~ to the free  st ream to t he  force  whe n the e l em e n t  is
n or m a l to the f ree st r eam (

~~ = 90 deg rees ) .  For a g iven f a i r e d - c a b l e
geom e t r y  and speed , t hese loading fu n c t i o n s  are assumed to be depe ndent
onl y on the cab le  ang le .

Th e no rma l  and t a n g e n t i al  l oad i n g funct io n s were  de t e rm ine d u s i ng  t he
slopes of the f o r ce - su b m e r g en c e  c u r v e s  t a b u l a t e d  in Table  3 and the
compute r p r o g r a m , BVPDE3 , deve loped by the A pp l ied M at hem at i c s
La bora to ry  (AML) . The slope s t each ang le a re  divided b y the slope of
t he n o r m a l - f o r c e  curve  at an  ang le of 90 deg r ees to ob tai n t he loading
funct ion  va lue s f o r  each  speed and  ang le .  These va lue s , both n o r m a l  and
t a n g e n t i a l , for the subject  cable -f a i r i n g  model a re  tabu la ted  in Table  4 .

I i
8
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TABlE 3

Two-Dimensional Hyurod ynamic  Force for
T-5 Cable Fairiri g

(These data ha ve been correcte d for n e a r - s u r f a c e  and end e f f e c t s . )

Cable Ang le , 
-

~~~~~ Speed, 
- 

Normal Tangentia i~~~
degrees knots pounds per loot

30.40 2 . 5  0 .296 0 . 2 1 1

3.0 0.430 0.302

3 .5  0.572 0.413

4 . 0  0.694 0 .532

5 .0  1.037 0.835

5.5  1. 321 1.006

6 .0  1 . 495 1.192

6 . 5  1 .712 1.397
4’ -

35. 30 2 .5  0. 361 0 . 2 2 3

3.0 0.438 0 .321

3 .5  0.654 0. 440

4.0 0.783 0.560

5.0 1.225 0.892

5 .5  1.552 1.088

6.0  1.816 1.281
-
~~~ 6.5 2.133 1.509

40.30 2 .5  0.401 0 .227
3.0 0.604 0.317

3.5 0.755 0.422

4.0 0.996 0.541

- . 5.0 1.539 0.845
• 5.5 1.826 1.006

- 
- 

6.0 2 198 1.193

6.5 2.609 1.404

9



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

- --

_TEJ TIT __ 
-

~~~

TABLE 3 (Continued)

- Cable Angle , Speed , Normal  Tangentia l

degrees 
- 

knots 
- - 

pounds per foot

45.20 2 .5  0.437 0.227
3 .0 0 .692 0 .317

3.5 0.872 0.421

4 . 0  1.164 0 .549 - -

5.0 1.788 0.849

5 .5  2 .180 1 .012

6 .0  2.644 1.204 - 

-

6 .5  3 .02 1 1.4 15

50.10 2.5 0.551 0.206

3.0 0.790 0.281

3.5 1.046 0.389

4.0  1. 342 0. 499

5.0  2.07 1 0 .763

5.5 2 .580 0 .923

6.0 2.996 1.091

6 .5  3 .524 1.27 1

55.10 2.5 0.598 0.192

3.0 0.867 0.281

3.5 1.107 0. 383

4 . 0  1.485 0 .494

5.0 2.286 0.708

5.5 2 .855 0.943

6.0 - 3.32 1 1 .12 1

6.5 3 .969 1. 317
_____ — ______ 
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TA BLE 3 (Continued)

Cable Angle , -Speed 1 Norma l Tangential

degrees knots pounds per foot

n 60 . 10 2 .5  0.702 0.162
- 

3.0 1.001 0.233

3.5 1.342 0.313

4.0 1.700 0.419

5.0 2.690 0.648

5.5 3.296 0.771

6.0 3.808 0.925
- 6.5 4.495 1.086

f 64.85 2.5 0.759 0.146

- 3.0 1.083 0.207
-1 3.5 1.448 0.289
.

~~~~~~ 4.0 1.875 0.362

5.0 2.971 0.561

- 
5.5 3.636 0.685

6.0 4.300 0.815

6.5 4.988 0.952

69.85 2.5 0.825 0.133
- 

3.0 1.148 0.192
• 3.5 1.557 0.263

4.0 1.966 0.345

5.0 3.089 0.535

- 5.5 3.882 0.644
- 6.0 4.421 0.768

6.5 5.247 0.897

11 

1~



— 
-___ ~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~ —

t p

TA BLE 3 (Continued) 

! Cable Ang le , Speed , Norma 1 Tangential
- degrees knots 

- 
pounds per foot 

_ _ _

74.80 2.5  0.859 0.098
il - 3.0 1.222 0.131

3 .5 1.67 3 0 .172

4 .0  2 . 1 2 1  0 .229
5.0 3 .343 0.346

5.5 4 . 134  0 .416
6.0 4 .799 0.495
6 . 5  5.604 0.576

79.70 2.5 0.901 0.087

-
, 

. 3.0 1.27 0 0 . 1 1 3

• 3 .5  1.754 0 .153
4.0 2.198 0.199

•- 5.0 3.446 0.298

5.5 4.311 0.351

6.0 4.994 0.424
6.5 5.984 0.494

- 

- 
84.70 2.5 0.936 0.051

3.0 1.333 0.07 3
3.5 1.831 0.092
4 .0  2 .346 0 .121

5.0 3 .621 0.187
5.5 4 .392 0.216
6.0 5 .219 0.251
6.5 6. 143 

— 

0.304

12
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TABLE 3 (Continued)

Cable Angle, Speed , Normal Tangential

degrees knots pounds per foot

• 89 .94 1. 0 0.196 0

1.5 0. 345 0

2.0  0.589 0
2. 5 0.940 0

-~~ 3.0 1.347 0

3.5 1.84 2 0

4.0  2.400 0

4 . 5  3.018 0

5.0 3.733 0
5.5 4.476 0

6.0 5.363 0

6.5 6 .2 35 0

7 .0  7 . 191 0

13
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TABLE 4

Value s of Norma l and Tangential  Loading Functions

Cable I N o r m a l  X/Xg0
Ang le, h—-- - - --- - - - - - -- -- - - - - - -  -

~~ -t
degrees~______ - - - 

Speed s knots 
- -

I 2 . 5  3 ,0 3.5 4.0 5.0 5 .5  6.0 6 .5

30.40 0.315 0.319 0 .311  0.289 0.27 8 0 .295 0 .279 0.274 3
35.30 0.384 0.325 0.355 0 .326 0.328 0. 347 0.339 0.342
40.30 0.426 0.448 0.410 0. 4 3 5  0 .412 0.408 0.4 10 0.418 I
45.20 0.465 0.5 14 0 .473 0. 485 0 .479 0. 487 0.493 0.484
50.10 0.586 0.586 0.568 0.559 0 .555 0.576 0.559 0.565
55. 10 0.636 0.644 0.60 1 0.619 0.612 0.638 0.619 0.636
60.10 0.747 0.74 3 0 .729 0.708 0 .72 1  0 .736 0 .710 0,72 1
64 .85 0.807 0.804 0.786 0.781 0.796 0.812 0.802 0.800

169 .85 0.87 8 0.852 0.84 5 0 .8 19 0.827 0.867 0.824 0.84 1
74 .80 0.914 0.907 0.908 0.884 0.895 0.923 0.895 0.899
79 .70 0.958 0.94 3 0.952 0.915 0.923 0.963 0.931 0.960
84.70 0 .996 0.990 0.994 0.978 0.970 0.981 0.97 3 0.985 

-

89 .94 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

- 

Cable l Tangen t i a l  ZJX ,~
Angle.’ ~~~~~~~~~~~~~~~~~ 

d.gr.. . Speed, k not~-

2 . 5  3.0 3 .5  4 .0 5 .0  5 5  6 .0  6 .5
30.40 0 .225 0 .222 0 .225 0 .223 0 .221 0 .223 0.222 0.222
35.30 I 0 .234 0.237 0.238 0.233 0.238 0.24 1 0.238 0.240
40.30 0 .234 0 .230 0.228 0 .225 0 .225 0 .223  0.222 0 .224
45.20 0.234 0 .230 0 .228 0.225 0 .22 5 0 .225 0 .223  0.226
50.10 0 .212  0.207 0.206 0.204 0.203 0.205 0.203 0.203
55.10 0 .202 0.207 0.206 0.204 0.187 0.210 0.208 0.210
60.10 - 0.170 0.170 0.168 0.170 0.171 0.172 0.171 0.173
64.85 0.148 0.148 0.152 0 .150 0.150 0 . 151 0 .151  0 . 15Z
69 .85 0.138 0 . 141  0.14 1 0 .141 0 .141 0 . 142 0 . 141 0 .142
74.80 0.096 0.096 0.097 0.091 0.091 0.09 1 0.09 1 0.091
79.70 0.085 0.081 0.081 0.079 0.077 0.078 0.078 0.078
84.70 0.053 0.051 0.048 0.050 0.048 0 .046 0.046 0.048 -

89 .94 0.00 -0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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The values for the normal  loading function are plotted in Figure 5 and
for the tangent ia l  loading function in Figure 6. Superimposed on each of
the respective f igures  is the curve of the mathemat ica l  expression for the
load ing function . The curve -fitting process to obtain the mathematical
expressions consisted of generating a group of Least-square curves  for each
set of load ing values using the BVPDE3 prog ram and selec ted combinations
of te rms in the trigonometric serie s,

Ao +A t cosc+B t sin~~~+A a cosz~~+ B 2 sin zq~,

for which the loading boundary conditions are satisfied. Then, using the
CM PFN Z progra m the curves  in each group  were compared with each
group of values to determine the best form for each loading function , The
resulting mathematical expressions for the loading functions , neglec t ing  any
Reynolds num be r effect , are

4 M~~
) =-0.5550 + 0.7733 cos + 1.3367 sin~~ - 0.2183 cos 2~ - 0.4505 sin 2~

[l~
- and

F(cp) =-0.3544 + 0.4305 cos ~ + 0.3862 sin~~ + 0.0318 cos Zcp [2)
- whe re A and F are the normal (X/X90) and tangential (Z/X,0) loading

function s, respectively. Boundary conditions for the funct ions  ar e  as follows~
MO) = 0 M90) = 1 and ~~90) 0 [3)

- •
1
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DRA G COEFFICIENT

The drag coefficient CR and corresponding Reynolds numbe r R d were
calculated for each speed using the following expressions:

~ pdV3

and

d 
v [5)

where - -

d is the cable diameter,
R is the drag per unit length of cable when the cable is norma l

to the stream and is equal to the slope .~~~of the force-subme rgence
plot atcp = 90 degrees, (R!X90),

s is the distance along the cable (submergence),

V is the speed ,
p is the mass  density of f r esh  wate r at 71 degree s F, and
v is the kinema tic viscosity of fresh water at 71 degrees F.

The calcu lated drag coeff ic ients  are p lotted in Fi gure 7 as a function
of Reynolds numbe r . =

20
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