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NOTA

P \r lrojVCIe ted fro I t. I I z'I r .. of %:- II V . I't I'n- I ' I 1 ,CO II,hI,.ktthon

OI) oefiicient bk ed oiu front.tI areit of c.tble. CDa
SV4a At

Ris idu.i I- r -it, t% n. co tfici nt. C - C% -

C% T. ital-draA o. ificivnL bmeod on wvetted tiurfice, C%

d Diameter of ¢.lh fi Vc S

D Toitatl hyd rodynaniic drag

rCharacteristi,. I th
V.1 Hleytiohld number, 11

S Tutal wetted surface area
It Mtaxmium thickness of 4f'tiring

V .Speed

1. Mans dez•lsity of fluid

V Kinematic viscosity
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e I %', r i I it It.4i il'lj'llrn to I I % ve t 1 t 0. V 't I io ill I ,c 4 1 r

S klisetkit, lit I V . % hlie• 1 zts' it-' k tel - :i.Iist- s o" ISo r it,' - A mwe re a. p i '&W itl', in ti, I

t o iilul' 1ioys t\oe 11 , k-0' ' a o ill ot l ct'i, "tit N IAIt. ," U with me t.mIc. 1

s t ru c t iII \% %, rt, e tit, o tmto rei . o '-.void' '.I I k r p i i0 W s ll teli t I nt Ur•'

Serices A was ,revis.a.'t to oItliiu ,i now ,, r.e', %Lo t1IiiL'jli A , r iit., t l%,e ••lnatetd

,As se rivs 11. Nine lllot loh of tw, ntow stw.r w uoe k-. , a•.nbl%-t andl dIrtag

e, xtper i'imeint s' at -.' 111t' oftl. It., ,l t t a t", t ,, of 1%lhicih fori'm

subje•'et of this r.' port, w•t.' t'onat.tl ill thei t .t ing Ilha, in.

"This reiport derive, s thl' basici gew'ii'letry ofSeri, B. I o, ds, ib.ries the

modle Is used for tht%- tt, sv s, ts .' ', d , ri t.% s the -;1wec i.I pu r p.oneti wvll ill mett r

ar, other appar,aIus ised ill the t.'t, 0111 m t.litw5s tht tth ' e t plroi'vetl rt.'t,

prese.nlts datak curves for the ilndividual ntoltIeis showinig. VariAtltlOn drag

coefficitent ,ith R y,'yiolds xlulhl ' ," ad i ,l't. ' St.'iUt S su ariiUIlt.iy :uvvesVt.' •5 ,ihow ing

the V•aria tion of U rag toeif•'iewnt wiLh the notitdlimie niona i geow'etrit't! "

pa ralmete.' rs (ftnt.'aaes s ratio knlid tlhick'Ut,'s s rtio). Concl'us ions ;iirO drrawn

concerning the selection of series sallpes from thel standpoint of

minimi.zing drag of toucabl•.',

GEOMIETRTY OF" SE1RIES

DTM11 Series B is .% systemattic weries of trailin,-tv'.)' airings. Tht.

configurittion of the parent form of tho series is l•at.Wd o;l the, COncept ot' a

c lip-on fairing %t'herein the towm.cable provides the leading edte of the

ft iring, its oppoSed t.) tilthe t.it'loss.,d type o; fairing uhl ich compit. cly

house.- the cable. The precise sh•ape of the individlual forms of the se.',ries

References are listed oil tIm 4.-



15 d i ned in o Ia s Id t r ic~ ct, rs,£

r'ktio - n 11*zt.. ,tu-. A. i )id.a:c Ii L r.41t!Ct ion, Sc re 1.

wa, ý obmklcdi 'ya d : So r ic s A 'I'w '~~f~ ncons ~btcd

s ~c :~ i f Cit oi'lii -a m m Of~ "h 1 W.

The kictait-t!c tieniv'aitin of the. f i y L&I : u o~ crc A

(iIC I dIIng the g-11) Ih.I. IIOL Lwell p rv iou.,I y' Co.1-sc lezllEY. to

-Avoid cotiftiUSion inl itlviiti zyiaL- tho vý,riotis confiou rat iozm. t

dlerivation is given inl 0h0 fol lowinig i. gr
The biisic: con figu ratioi. of So rivs A i., bhownl in vI~gure I . The

equa~tion definiing, the shape is (it rived from it cub~ic of the,. form:

y=A 1 ,-xY A.,x-~ A., ( )i- A4

where (x-x,,) is th.ý abbcisba of the f.ki rizg ,hiipc in it coordinate systern

with the origin at thei leadinig ed~ge of the che

The constants A,, A;, A.j, ',iW A4 caa be evaluated ats follows:

when z x.O. let and ,thi

dv I
-r 3A, (x-xo)d + ZA;ý (x-)k) + Aj

and

=6A, Zxx)i Aj; 0. -L3]j

Thus A2 and A3 = 0.

Equation LUJ becomes

y = A1I (x -x,,)" + A.4 .

Now let y O . 5t at x xO so that

A,6 . 5.t.
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*at the te r",i ,,ti,,: u, t•., a.. :'.a, * .... ... .. .. .*:..v .... . .. u',8: .. ",

-. percent of t *t x c .. .

0. -6 = \ (c-.x.,)" ~i
-. 0 2 .- i.= t

A, (c -:"

All the constants have jer b c:i-c.,.. outn 6 .. 3 ý-cc,rn-C.,

O. 5t - 0.475t - '.

which expressed in non, 18iWcnio fosL . i s

y/t = 0.5 - 0.7.-3 35
•C- >,.,

Let y/t = y', x I x' :: 'C C

Thus Equation 37. become 6

y'-- 0.5 - 0.475 [5 -xo' --

As expressed by Equation .,ta, iing trailin,,, c(dgc term ninatcs

in a blunt end. To eli.mi:ate tac b5unt end, tie fairing shape was

terrminated by the arc of a circl,- (QouMd by ra-phical nmthods) with

radius r = 0.03"'2t which intersects tic x axis at x = c and is tangent

to the curve which forma tnc fairn'.

Referring to Figure 1, an ex•'reoiorn for -c, is foundas follows:

(, - 0.5dyý = (0.625,i)" - (A.5t)'

XD 0.Sd + \f(0.3 d) -( -

x, 0. 5d + 'F'O. 62-5d,5 (0. 5,)Z. 10:



Equation 102 can be written in nondimenision il forin a.s

0. -, Sd +,s ( . . (0. 5.lj
c c c

t =t dSince-•].•

Equation 1 1 assumes the final form

,= \.5 +4 (3.6Zsy• - . . 212,
C

Graphical methods were also employed to o~tain the value of 0.05t

for the radius of the circles which termilnte the leading edge. It should

be realized that Equations [87 and -12] apply only hctween the tangency

point of the leading- and trailing-edge circles.

Figure 2 shows the configurations uf the nine Series A models that

were used in the wind-tunnel tests '-. These configurations weret
obtained from Equations [8] and 1i2-using thickness ratios of 0.6, 0.8,

and 1.0 in combination with fineness ratios of 3, 4, and 5. The

individual models of Series A arc identified by the letters TF followed

by a two digit number which denotes the fineness ratio and thickness

ratio. Thus, Series A Model TF-84 is a trailing fairing having thickness

ratio of 0.8 and fineness ratio of 4.0. Model TF-15 is trailing fairing

with thickness ratio of 1.0 and fineness ratio of 5.0.

Since the gap between the cable and fairing is eliminated, the

comparable shapes of Series B have the same thickness ratios as

those of Series A but somewhat different fineness ratios. Table 1

compares geometrical parameters of Series A and B shapes that have

been tested.
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Model

T F-63 (30
TF-64

TF--6-i

TF-83

TF-84 D F

TF-85

TI' 13z-

TF-13

TF-15 0

Figure 2 - Sketch of Section Shapes of Series A Test Models
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Tablet I - Gceoletrit.% I lP.i . t ort . of So rih.:, A ji i"1, Sh1. .

Storiw s A ~~iS
Des ignation Thickness F' iicnc :t Dc s ig tl tion Th I'•ik•c•ss F tIc I.•t' b bRaR ti I B.I i R It(k

TF-63 0.6 3 71 3- 0.6 2.h75

TF-64 0.6 4 B_-2 0.6 3,873

TF-65 0.6 5 B-3 0., 1 4.875

TF-83 0.8 3 B1-4 0.8 2.875

TF-84 0.8 4 11-5 0.8 3.b75

TF-85 0.8 5 B-6 0.8 4.875

TF-13 1.0 3 13-7 1.0 Z.,75

TF-14 1.0 4 13-8' 1.0 3.875

TF-15 1.0 5 13-9 1.0 4.875

DESCRIPTION OF MODELS

The models used for the tests are sho in in Figure 3. The components

of these models are the same as those used for the wind-tunnel tests but

were assembled as sho,:.;. in the figure for 13-5.

The simulated cable is a 1. 16-inch diameter model constructed by

soldering 31 strands of 0.10-inch diameter copper rods to a 0.96-inch

solid steel rod at a pitch angle of 75 degrees in a left hand lay. This

simulated cable was modeled after an early towcable used in the

variable depth sonar program.

The fairing models are constructed of mahogany, are coated with a

water-proofing sealer to prevent splitting, and are covered with several

coats of paint to give them a smooth finish. Table 2 lists the physical

characteristics of the Series B models. The wetted surface and chord

length are computed with the models installed on the cable.

The length (span) of the models is 2 feet which is equivalent to the

width of the test section of the two-dimensional dynamometer described

later in this report.

7
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Table Z - Physical Characteristics oi Series B M,.dels

Model Wetted Surface Arca, i Ghoed Length,
square feet feet

B-I 1.26 0.28

B-2 1.63 0.38

B-3 2.00 0.47

B-4 1.26 0.28

B-5 1.63 0.38

B-6 2.00 0.47

B-7 1.26 0.28

B-8 1.63 C.38

B-9 2.00 0.47

TEST APPARATUS AND PROCEDURES

The drag on the fairing models was obtained using the two-dimensional

fairing dynamometer shown in Figure 4. Figure 5 shows the gage

arrangement in one of the wall balances of the dynamometer. Each

wall balance is capable of measuring the lift and drag of the model. The

output of the gages in the wall balances was amplified by TMB Type ZII-ZA

control units and monitored with TMB Type T-IC digital strain indicators

shown in Figure 6.

The fairing dynamon'eter assembly was designed to be installed on

any of the Miodel Basin towing carriages. For this series of tests. the

fairing dynamometer was attached to TMB Carriage No. 2. Figure 7

shows a schematic diagram of a typical test arrangement.

Prior to the formal test program, preliminary tests were conducted

to determine the tare drag on the wall balance cover plates. In addition,

a survey was made of the test section using a pitot-static tube to

determine its velocity distribution.

Each of the Series B models was rigidly bolted to the wall-balance

cover plate and the drag was measured at zero angle of attack for speeds

from 0 to 12 knots. A separate test was made to determine the drag of

the bare cable model for speeds from 0 to 12 knots.

9mo
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Figure 6 -Instrumen~tation Arrangement

12



r-

TI-

IlllI llll

Direction
of Motion

F"igure 7 - Typical Test Arrangement

- -

(All s ar i

13 i':



REDUCTION OF DATA

The res-IUts of the velocity:,urvey dijc1iýtd th,.t over the range of

sz•ceds .nvestiated, the velocity of the fluw thro.- :,h ...e test section,

except ior :h,;t in inioe"iate proximity to the wail-ba.l;ncc cover plate,

was 2 percent lower than free stre;mrn. Consequcently, the speed

readings were reduced by 2 percent. ther, the drag, readings

were corrected for the tare drag of tu cover plates. "'"e drag cozac-cnr.:s

C based on net drag, corrected speLL, and projected frontal area A.D
of the cable were computed for each of the fairing modeis anc were

plotted as a function of Reynolds nun-:.er 2 w-hich, was based on cable

diameter d as the charact"ristic length.-. c " residual-resistance

coefficient C. was also calcui.ated for each model by su...racting the

frictional-resistance coefficient C, (AT".C Line)' from the total drag

coefficient C,.

PZSU'LTS

Figures 8, 9, and 10 are plots of drag coefficients based on frontal

area versus Reynol's number for fairing thickness ratios of 0.6, 0.8,

and 1.0, respectively. *Each figure is for a family of fineness ratios of

2.875, 3.875, and 4.875. In a separate analysis which is not shown

in this report, it was found that curves of total drag coelficients versus
Reynolds numbe r paralleled the ATTC Line.

Figures 11 and 12 show the effect of varying the fineness ratio of

the fairings while holding the thickness ratio constant on CD and Cr,
respectively. It can be seen froih these figures that as the fineness

ratio increases the drag decreases. This decrease is predominantly

in the residual resistance, as shown by Figure 12.

k'igures 13 and 14 show the effect on the drag coefficient and residual-

resistance coefficient, respectively, of varying the thickness ratio while

holding the -fineness ratio constant. Figure 13 shows that increasing

thickness ratio (up to a value of 1.0) tends to decrease the drag. Here

again, the decrease is predominantly in residual resistance, as shown by

Figure 14.
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Figure 12 - Effect of Fineness Ra~tio on Residual-Resistance Coefficient
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The drag coefficient C of the bare-cable model was nearly constant
at .& vlue o" 0.9S5 over the speed range tested. This is a much lower

value than commonly used for b.re cables in calculations of cable con-

figuratio•s and can be attributed to the fact that the test cable was rigid

an,' was restrained from vibr.i'on by being held at both ends. In

calculations, the Model Basin usually uses a drag coefficient of 1.5

for bare cable based on an unpublisihed correlation of predicted values

and full-scale experimental data. Nevertheless, all of the fairings in

the series produceo a substantial reduction in the drag of the bare cable.

CONCLUSIONS

Based on the results of drag tests on a systematic series of trailing--

type cable fairings, the following conclusions are drawn:

I. The drag decreases with increasing fineness ratio in the rang.:

of ratios from Z.875 to 4.875. This is due primarily to a reductiorn in

residual resistance.

2. The drag decreases with increasing thickness ratio in the ra-1ge

of ratios from 0.6 to 1.0. This is also due to a reduction in residuil

resistance.

3. All of the fairings used in the 3eries produce a substantial

reduction in the drag coefficient of a bare cable. The lowest drag

coefficient (CD-- 0.2) was obtained with the model having a fineness

ratio of 4.875 and a thickness ratio of 1.0. The drag coefficient of

the rigid simulated cable used in the experiments is 0.985, but -

more realistic figure for a bare cable used at sea is a drag, coefficient

of 1.5.

4. Since the total-drag coefficients of each model paralleled the

ATTC Line, the rosidual-drag coefficient of each model is, for all

practical purposes, independent of Reynolds number. Thus, the

total-drag coefficient Ct can be determined for any Reynolds number

beyond transition by adding the frictional-resistance coefficient C.

for that Reynolds number to the particular C. for the fairing shape of

interest.
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