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NOTATION

Projected frontal area of ¢able tairing condbiination

Chord of faiving

e . D
Prag coctticient based on trontal area of cable, CD = -
) vu
e . ans s - A
Frictionaleresistance cocificient o ¥ £
Restdualaresintance coetiicient, G, = C, =« C,
D

Totaladray cootlicient based on wetted surface, Cy =
Diameter of cable
Total hydrodynamic drag
Characteristic longth
Vi

Reynolds number, R = vl

Total wetted surface arca
Maximum thickaness of {airing
Speed

Mass density of fluid

Kinematic viscosity




RODUSTIN

\

;Q The Davad Tavlor Maodel Bosncas envaged o a broad rescarch
procram to provide tundanentad avdeodyn cnre deta wiacho o be apoided
to the adesign ol amproved cable=towed=bady syastems, Pursuang thereio,
anumber of years agy, the Model Basin originatee o systematic series
of trailing=type fatrings (now desgnaied Sevics A) and comlacted on
eape rimental program to anvestigate the ediedt of variations in geomotew
parameters on the hvdrodvinenie characteristios of such foirimgs 2=
Subsceqgquently, when aclevcted sliavpes of Servies A were applicd in actuad
towing systems, certain dilticuities assoviated with mechanica: cons
struction werg encountered,  To avold sinadar problems an the future,
Series A was ‘;rvviru'd to obtain o new series of teathime fairings designated
as Sceries By Nine madels of the new seres we e asseimbled and drag
experiments at cero angle of sttael, the resuits of which forem the
subject of this report, were conducted in the towing basin,

This rc'po‘rt derives the basic geometry of Series B, desceibes the
models used for the tests, deascribes the special purpose dynamometer
and other apparatus used in the test, outlines the test procedures,

j
prescats data curves for the individual models showing variation of drag
coefficient \\i(;h Reynolds number, and prosents summary curves showing
the variation of drag coeffivient with the nondimensional geometric
parameters {(fincuess ratio and thickuess ratio), Conclusions are drawn
concerning the selection of series shapes from the standpoint of

minimizing drag of towcables,
GEOMYETRY OF SERIES

DTMDB Series B is o systematic seriecs of trailing=tyoe {airvings, The
configuration of the parent form of the series is hased on the convcept of a
clipeon fairing wherein the towcable }‘)rovidcx the leading edge of the
fairing, as opposcd to the eaclosed type od fairing which completely

houses the cable, The precise shape of the individual forms of the series

! References are listed on page 24,
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is detined in terms of the prescribned peometrica] paranwters, finencss
X'.ﬂi\)'\:\;' and thickness r‘\tm-}l. Ao aentioned ma the Intraduction, Series D
was obtained by miadifving Series AL The modification consisted
vascntlally of the elimdnation of the ;o between the fuiring wnd the cable,
The detadled derivation of the analytical oxpeession for Series A
(including the gap) has not been previously publisiied, Goasciuentiy, to
avoid confusion in identitying the various configurations, a detailed
derivation is givcn in the following paragraphs,

The basic configuration of Serics A is shown in Figure 1. The

equation defining- the shape is derived from o cubic of the form:
y = Ay (xexo) A (xaxg) AL (xaxy) A {13

where {(X»x,) is the abscissa of the fairing shape in a coordinate system

[

with the origin at the leading edge of the cabl
The constants Ay, A, A, and A can be evaluated as follows:

when x = x5, let g—:: = 0 and -3—3—; = 0, then
g{- 2 3A; (xaxp)¥ + ZA; (x=X) + Az = 0 {21

and

& : , )
a;g = 6A; (Xexp) v 2A;= 0. e E 3

Thus A; and Aa = 0.

Equation {1] becomes
y = Ap (x=x,) + A, 4]
Now let y = 0.5t at x = x,, s0 that

A, = 0.5t, ‘
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0,025 = AL (c-x,)

and

(c=x2)"

which expressed in nondimiensional fosm is

As expressed by Equation (8, the fndring trailing edge terminates
in a blunt end. To eliminate the biunt end, the fairing shape was
terminated by the arc of a civcle ({ound by graphical methods) with

radius r = 00,0328t which interscects tae x axis at x = ¢ and is tangent

g2

to the curve which forms tne fairing

Referring to Figure 1, an expression for xg is found-as follows:

. (x5 - 0.5d)" = (0.6254)" -~ {0.5)" 92

X5 = 0.5d = N (0.0625d)" = {0.54)"
. %o = 0.5d + N (0.6250)7 - (0.5, 101




. Al 0 . . . .
Equation {10 ¢can be written in nondimensional form as

.=XS=O.5(1+_ )tiu- Ui ) - .
Xo - = J(O.()-&E) (0.5—6) . L1l
oot ot d
ant.(,-;-d '1‘.'

Equation _11] assumes the final form

. \

i -

0.5 + ¥ (0.625)° - (0.559% {12}

o

X' =

Graphical methods were also employed to obtain the value of 0,05t
for the radius of the circles which termincte tac leading edge. It should
be realized that Equations (87 and (12] apply only between the tangency
point of the icading~ and trailing-cdge circles.,

Figure 2 shows the configurations of the nine Seriecs A models that
were used in the wind-tunnel tests®®®, Thesc configurations were
obtained from Equations (8] and [12] using thickness ratios -ta of 0.6, 0.8,
and 1.0 in combination with fincness ratios % of 3, _4, and 5. The
individual models of Serics A are 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 anrd fincness 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 Seriecs A but somewhat diffcrc\pt fineness ratios. Table |1
compares geometrical parameters of S"c‘: rics A and B shapes that have

been tested, !
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Figure 2 - Sketch of Section Shapes of Series A Test Models
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Tabic 1 = Geometrival Parameters of Series A oond B Shoaaes
[

Sceries A i Series B
Designation I Thickness Fincx}css | Designation | Tlx‘irk'xu:sb i Fxn('l'n'ab‘

| Ratio Ratio Ratio i Ratio
TF-63 0.6 3 ii B-1 | o6 | 2.8
TF-64 0.6 4 i D=2 | 0.6 3,873
TF-65 | 0.6 5 i B-3 | o.d 4,875
TF-83 0.8 3 | B-g 0.8 | 2.875
TF-84 0.8 4 l B-5 0.8 3.675
TF -85 0.8 5 ' B-6 0.8 1.875
TF-13 1.0 3 i BT I 1.0 2.575
“TF-14 1.0 4 I pes 1 1.0 3.875
TF-15 1.0 5 I B-9 L 1.0 4.875

DESCRIPTION OF MODELS

The models used for the tests are sho m in Figure 3. The components
of these models are the samec as thosz used for the wind-tunnel tests but
were assembled as showii in the figure for B-5,

The s.mulated cable is a 1.16-inch diamcter model constructed by
soldering 31 strands of 0,10-inch diamcter copper rods to a 0,96-inch
solid stcel rod at a pitch angle of 75 degrees in a left hand lay., This
" simulated cable was modeled after an carly towcable used in the
variable depth sonar program.

The fairing modecls are constructed of manogany, 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 instalicd on the cable.

The length (span) of the models is 2 fect which is equivalent to the
width of the test section of the two-dimensional dynamometer described

Jater in this report.
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Table 2 = Physical Characteristics of Serics I Madels

Model Wetted Surfuce Arca, i Ghord Length,

square f{cet { feet
B-1 1.26 0.28
B-2 ' 1.63 " 0.38
B-3 0 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.28
B-9 2.00 ' 0.47

TEST APPARATUS AND PROCEDURES

The drag on the fairing modcls was obtained using the two-dimensional
fairing dynamometer shown in Figure 4. TFigure 5 shows the gage
arrangement in one of the wall balances of the dynamometer. Each
wall balance is capable of measuring the 1ift and drag of the model. The
output of the gageé in the wall balances was amplified by TMB Type 211«2A
control units and monitored with TMB Type T-1C digital strain indicators

.

shown in Figure 6. _
The fairing dynamometer assembly was designed to be installed on

any of the Model 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.

S b Y 0 I 7 W O el e S Bt T
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Figure 4 - Two-Dimensiona
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REDUCTION OF DATA

3

The results of the velocity survey indicated thit over the range of
speeds investigated, the velocity of the flow throuh tiie test section,
except tor that in imumaediate proximity to the wall-balince cover plate,

2 bercent lower than {ree stre: Consccucntly, the speced
was & percent lower taan {ree stream., onscquentyy, the spee
L]
readings were reduced by 2 percent. Furiher, the drag readings

were corrected for the tare drag of tlhie cover plates, The drayg cocilicicnis

CD based on nct drag, corrected speed, ard projected frorntal arca A,
of the cable were computed for each of the fairing models and were
plotted as a function of Reynolds number R wiiici was basced on cadle
diameter d as the characieristic leng '

coefiicient C. was also calculated for
dra

*
p—

frictional-resistance coeilicient C; (ATTC Line)® irom the tota

coeificient C,.
RISULTS

Figures 8, 9, and 10 are plots of drag coefficients hased on frontal
area versus Reynolds nurnber for fairing thickness ratios of 0.6, 0.8,
and 1.0, respectively. Each figure is for a family of {ineness 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 coetficients versus
Reynolds number paralleled the ATTC Line.

Figures 1l and 12 show the efiect of varying the fineness ratio of
the fairings while holdirg the thickness ratio constant on CD and C,,
Tespectively. It can be seen {roin these figures that as the fineness
ratio increases the drag decreases. This decrease is predominantly
in the residual resistance, as shown by Figure 12,

Figures 13 and 14 show the effect on the drag coefficient and residual-
resistance coetficient, 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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The Jdrayg cocfflicient CD ot the barc-cable model was nearly constant
at a value of 0,985 over the speaed range tested, This is a much lower
value than conunonly used for bare cables in calculations of cable con-
figurations and can be attributed to the fact that the test cable was rigid
and was restrained {rom vibration by being held at both eads, In
calculations, the Model Basin usually uses o drag coefficient of 1.5
for bare cable based on an unpublished corrclation of predicted valucs
and full-scale experimental data, Nevertheless, all of the fairings in

the scrics produceu a substantial reduction in the drag of the bare cable.
CONCLUSIONS

Bascd on the results of drag tests on a systematic serics of trailing=
type cable fairings, the following conclusions are drawn:

l. The drag decreases with increasing fineness ratio in the rang:
of ratios from 2.875 to 4.875. This is due primarily to a reductior. in
residual resistance.

2. The drag decreases with increasing thickness ratio in the raqge
of ratios from 0.6 to 1.0, This is also due to a reduction in residual
resistance,

3. All of the fairings used in the series produce a substantial
reduction in the drag coeflicicnt of a bare cable., The lowest drag
coefficient (CD= 0.2) was obtained with the model having a {ineness
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 a
more realistic figure for a bare cable used at sca is a drag coefficient
of 1.5. | a

4. Since the total-drag cocfficients of cach model paralleled the
ATTC Line, the residual-drag cocfficient of each model is, for all
practical purpases, independent of Reynolds number. Thus, the
total-drag coefficient C, can ve determined for any Reynolds number
beyond transition by adding the {rictionai~resistance coefficient G,
for that Reynolds number to the particular C; for the fairing shape of

interest.

22
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