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Stability and Drag Tests of Submerged Floats

Purpose

1. To find the drag force as a function of velocity over a range
of 0 to 4 knots, acting on a variety of subsurface floats.

2. To determine the stability of all floats throughout the velocity
range of 0 to 4 knots. |

3. To determine the behaviour of these floats when the current is

reversed.

Specifications of Test Apparatus :

1. Towing mast (see Figure 1) - this was manufaétured by CCIW staff
using aluminum sailboat mast sections for the main spar. This
mast is lV'L" shaped, has a movable friction free pivot on the ver-
tical portion of the "L" and has attachment brackets for support

and measuring lines. Mast dimensions are :-

Vertical section - 457.00 cm
Horizontal section - 153.00 cm
Cross section - 10.10 cm x 7.60 cm

2. Pivot bearings Seal Master SF 12-3/4".
3.. Strain wire guide pulley bearings - McGill MB25-5/8".
4. Tension measuring dynamometer - Dillon, 1000 1b capacity, 5 1b

divisions.
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Procedure

Float attachment and tension measuring cable - .100" diameter.
Lehgth measuring cable - .030" diameter.
Mast Tevel - Sand's Craft No. SC 50

Towing device - Kempf and Remmers Modified C 102 Carriage.

The test apparatus was set up in the following manner :

The dynamometer was §uspended from the carriage mounted hoist.
The strain wire guide pulley was bolted to the carriage plat-
form. -

The mast assembly was bolted to the rear edge of the carriage
so that the mast bottom was approximately 20 cm above the tank
bottom and the mast was perpendicular to the water surface.
The strain wire was attached from the bottom forward edge of
the mast through the guide pulley to the bottom of the dyna-
mometer. (See Figuréméi

The strain wire was slackened and the mast was tilted until
the tip of the "L" came to the water surface.

A premeasured mooring line was attached froh this tip of the
mast to one of the mooring points on the underside of the float.
(See Figure 3) |

The "Length measuring cable" was attached from the float
mooring point, through the cable guides, to the top of the

mast.



- The carriage mounted hoist was operated to bring the mast
to its upright position perpendicular to the water surface
and to submerge the float to its test position. This posi-
tion was maintained throughout the tests with the aid of a
Tevel strapped to the upper portion of the mast and adjusting
with the hoist. |
- The length measuring cable was pulled taut and a reference

mark was affixed to jt.

Test were then commenced by draggfng the float through the water at
preselected velocities oVer the full range.required. Once the float sta-
bilized at each speed, a reading was taken from the dynamometer to obtain
tension and a measurement made of the taut measuring cable length to pro-
vide the remaining information required. At least five runs were made at
each velocity in order to minimize any human or equipment errors.

Calculations were then made to compute the drag force on the float,
the drag coefficient of the float and the Reynolds No. throughout the tested

velocity range.

Calculation of drag force

Referring to Figure 1, the sum of moments about the pivot results in

the following equation : -

(4D P (D, Cos¢)Ly = D L2 + T Cos(180 - 6)L3 + T Sin(180 - 6)Lg



Where D¢ = tension in the cable measured by the dynamometer.

DS = .drag force on the towing apparatus.
T = tension in the cable to the float.

L1,L2,L3,L4 = fixed distances as given in Figure 1.
b 8 = angles as specified in Figqre 1.

From equation (1)

(2) 7 = DcCosyp Ly - DO Lp
........... Cos (180 - 9)|_3 + S1n(]80 -0 )L4

By measuring the cable length to obtain 21;‘Figure 1, and knowing the
lengths of £2 and 23, the angle & was calculated using the law of cos{nes;
The drag on the strut, or towing appqratus; was measured in a seperate
towing test without the float. It cah be seen from equation (1) that,

when T =0

Where F is the cable tension measured by the dynamometer when towing the

strut alone..

Substituting equation (3) into equation (2)

(4) 1 = (Do -F)Coso Ll
............ CosTTB0 = )T ST (T80 =)0




The drag force on the float D¢ = T Cos(180 - a)

The drag coefficient Cpwas defined as Cp = ‘;fﬁgﬁz—
2

Where U | velocity of the float

A

cross-sectional area of the float

and p density of the water

The Reynolds number, Re was also calculated,

Re = %?—
Where D = float diameter
and ¥ =

kinematic viscosity of water

Test # 1 - Drag ForcéIVStability & Current Reversal of 1/2 Scale

Subsurface Flbat

Drag force tests were made with this 35.79 cm diameter, 1.5m long float
moored from mooring hole #8 (See Figure 4) as this is normally used in
operation. The mooring holes number 1 through 14 starting at the nose of
the float. The towing velocity range tested covered 0 to 232 cm/s (4;5 kts)
and data was collected at 26 cm/s (1/2 kt) increments.

The results of these tests are shown in the attached Figures.
Figure 1 is a descriptive drawing showing the test apparatus, as used,

plus the symbols and méasqrements used in the calculations.




The fest data and results are summarized in Table 1.

Figure 2 is a graph of drag coefficient versus Reynolds numbers.

With the float at rest in the submerged test position, it was approxi-
mately 3° to 5° nose down from the horizontal. As the towing speed increased,
this angle decreased to almost 0° at 206 cm/s (4.kts).

The float was very stable throughout this test and responded quickly and

smoothly to return to pre reverse attitude during current reversing tests.

Test # 2 - Stability & Current Reversal of 1/2 Scale Subsurface Float

Mooring hole #7 (See Figure 4) was used for this test with the following
results:
1. With the float at rest in the submerged test position, it was
approx'imately_zs° nose down from the horizontal. As the towing}
speed increased this angle decreased to approximately 59 at 206

cm/s (4 kts).

-

2. The float was very stable up to 103 cm/s (2 kts) when it began
to yaw slightly but continuously. From 129 cm/s (2% kts) through
155 cm/s (3 kts), there were occasional larger yaw motions, re-
ducing again to continuous but slight yawing through 206 cm/s(4kts).
3. When the towingﬂdfrecfion was reversed the float responded quickly
and smoothly, throughout the 0-4 kt velocity fange, to return to

its pre reverse attitude.



Test # 3

- Stability & anrent Reversal of 1/2 Scale Subsurface Float

Mooring hole #6 (See Figure 4) was used for this test with the
following results: : ‘

1.

With the float at rest in the submerged test position, it was
approximately 359 nose down from the horizontal. As the towing
speed increased, this angle decreased to approximately 15° at
206 cm/s. A ‘

The float was stable up to 51.5 cm/s when it took‘on a rapid,
continous but slight yaWing motion. This motion became very
slight and fluctuating at 103 cm/s, slight, slow and continous
at 129 cm/s theh dropped of f gradually to very slight, slow and
continous at 206 cm/s. '

When the towing direction was reversed, the float responded

~quickly and smoothly up to 77 em/s. Gradually, from 77 cm/s

to 206 cm/s, the reversing action became jerky, slower and
more violent. At the beginning of the direction change, for
speeds from 103 cm/s through 206 cm/s, the float would nose
down sharply almost to the point of tumbling the body end over
end before rotdfing hbrizonta11y. At a]1 sbeeds the float

eventually returned to the pre reverse attitude.



Test # 4 - .Stabi1ity & Current Reversal of 1/2 Scale Subsurface F]oat

Mooring hole #9 (See Figure 4) was used for this test with the following

results :

1. With the f]oat at rest in the submerged test position, it was
approximately 5° nose up from the horizontal. As the towing
speed increased this angle increased to approximgte]y 10° at
206 cm/s. |

2. The float was stable throughout the velocity ranhge 0 to 206
cm/s, however, it towed ét an angle to the flow. From 26 cm/s
through 180 cm/s, the float towed at approximately 5° to the
port side off parallel to the flow. This angle decreased
slightly to approximéte1y 2° at 206 cm/s.

3. When the towing direction was reversed, the float responded
quickly and smoothly up to 51.5 cm/s to return to the pre
reverse attitude. From 51.5 cm/s through 206 cm/s, the reac-
tion was quick and smooth to approximately 30° off parallel

to the flow and then very slow to the pre reverse attitude.

Test # 5 - Stability & Current Reversal of 1/2 Scale Subsurface Float

"Mooring hole #10 (See Figure 4) was used for this test with the

following results :

1. With the float at rest in the submerged test position, it was

approximately 25° nose up from the horizontal. As the towing



Test # 4 - .Stabi1ity & Current Reversal of 1/2 Scale Subsurface Float

Mooring hole #9 (See Figure 4) was used for this test with the following

results :

1. With the float at rest in the submerged test position, it was
approximately 5% nose up from the horizontal. As the towing
speed increased this angle increased to approximately 10° at
206 cm/s.

2. The float was stable throughout the velocity range 0 to 206
cm/s, however, it towed at an angle to the flow. From 26 cm/s
through 180 cm/s, the float towed at approximately 5% to the
port side off parallel to the flow. This angle decreased
slightly to approximately 2° at 206 cm/s.

3. When the towing direction was reversed, the float responded
quickly and smoothly up to 51;5 cm/s to return to the pre
reverse attitude. From 51.5 cm/s through 206 cm/s, the feac-
tion was quick and smooth to approximately 30° off parallel

to the flow and then very slow to the pre reverse attitude.

Test # 5 - Stability & Current Reversa],@f_]/z Scale Subsurface Float

"Mooring hole #10 (See Figure 4) was used for this test with the

following results :

1. With the float at rest in the submerged test position, it was

approximately 25° nose up from the horizontal. As the towing



speed increased this angle increased to approximately 350 at

103 em/s and then decreased to approximate1y 10° at 206 cm/s.

The stability of the fﬁoat changed considerab]y throughout this
test. From 26 cm/s through 51.5 cm/s, stability was good but

the float towed approximately 5% to the port side of parallel

to the flow. At 77 cm/s stability was fair with the float fluc-
tuating to the port side from 50 to 10°. A slight yawing motion
appeared at 103 cm/s and the towing angle decreased to approximately
2° and changed to the starboard side. At 129 cﬁ/s it was slow to
stabilize but eventually did so after swinging frdm a 10° to star-
board ang]eﬂto 10° to port angle. From 155 cm/s through 206 cm/s,

the float was slow to stabilize but did so at a towing angle of 5°
to the port side of parallel to the flow.

It should also be noted that the stability was very sensitive to
any added motion, such as a sudden speed or direction change. At
the 180 cm/s to 206 cm/s portion of the velocity range, consider-
able vibration occurred in the test apparatus.

When the towing direction was reversed, the float responded
smoothly but S]ow]y from 26 cm/s through 77 cm/s. From 103 cm/s
through 206 cm/s, the reaction was smooth and moderately fast to
approximately 259 of f parallel to the flow and then slow to the

pre reverse attitude.



A general note can be made that the quicker the current was reversed
the more violent the float reaction was. At the higher velocities, this

reaction was violent enough: to bend the towing apparatus.

10.



1.

1

3navl

. viva 1s3L
*oLa3aW *I°S ade sprun  :3LON
¢01%28"9 02€'| 6L°89) 6'€6£| L°/91| €6°¥6 6580° - aLeL L | v°s80L | 090°2
GOLX0L"S v6€° | 12°v9 | L°se8 | 8 LLL| Ly v6 89/0° - 912/l | 6°090L | 008°L
GOLX06° ¥ Gle| S2°Sh | L've8 | G796 LL°€6 £950° - 9/0L°L | 8°000L | 058G 1L
OL¥80"¥ L9€" | o0z'oe | £°258 | 0°9L €0°26 ¥S€0° - 8969°L | G296 | 062'L
OLX9z"€ twv' | os'€e | 9°vi8 | 9°¥9 vS 16 8920 - v069°L | 0°€96 | 0€0' L
OLXEV'2 066" | 8G°ZL | 9°€88 | 0°ZS YL L6 8610 - 989°L | 6°L66 | 0L
OLXEQ"T 189° | 80°6 G188 | 2°¢€S 6506 €010 - 089°L | L7626 | LS
,OLXEZ'8 9°858 | 2°€§ 9668 69000° £/9°L | 9°688 | 092°
oy (N) (N) sz . 4505 (w) (N) s/u
3
9 a 1 a Ly % 0




121.

DYNAMOMETER MEASURING
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Schematic View of Teét Apparatus
o FIG. 1
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* Float Shape
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Drag Coefﬂcnent Versus Reynolds Numbers
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