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Purpose:

STABILITY AND DRAG TESTS OF SUBMERGED FLOATS

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

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

To determine the behaviour of these floats when the current is

reversed.

Specifications of Test Appclrofus

oo

PN

NOTE:

Towing Mast (see Figure 2) - this was manufactured by CCIW staff
using aluminum sailboat mast sections for the main spar. This mast is
"L" shaped, has a moveab!e friction free pivot on the vertical portion
of the "L" and has c’n‘ochmen’f brackets for support and measuring

lines., Mast dimensions are: -

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

Pivot bearings - Seal Master SF |2-3/4"

Strain wire guide pulley bearings - McGill MB 25-5/8"

Tension measuring dynamometer - Dillon, 1000 Ib. capacity, 5 Ib.
divisions.

Float attachment and tension measuring cable - .100" diameter.
Length measuring cable - .030" diameter.

Mast level - Sand's Craft No. SC 50.

Towing Device - Kempf and Remmers Modified C102 Carriage.

- Figure | is a descriptive drawing showing the test apparatus, as used,

plus the symbols and measurements used in the calculations.

Specifications of the Braincon Test Model Subsurface Buoy:

outside dlmensmns are scaled to produce a 60% mode! of full sized
units. No attempt was made to scale buoyance or weight of the float.
skin is fibreglass approximately |/8" thick as compared to /4" of full
size unit.



this buoy is monlor in construction as is the full size unit. This
allows for several configurations of assembly as follows: Nose and
tail sections only, or up to four disc sections between the nose and
tail sections. |

Model buoyancy is approximately 150 Ibs.

Diameter = .8165m '

Tail section has a centrally mounted container for adding ballast if it

becomes necessary to adjust the balance point. (Figure 4)

Procedure: -

Thé test apparatus was set up in the following manner:

The dynamometer was suspended from the carriage mounted hoist.
The strain wire guide pulley was bolted to the carriage platform,

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 dynamometer.
(See Figure 2).

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, 60 cm in length, was attached from this
tip of the mast to the mooring point on the underside of the float (See
Figures 2 & 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 surfacé and to submerge
the float to its test position. This position was maintained throughout
the tests with the aid of a level sfropped 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 it.

Tests were commenced by dragging the float through the water at

preselected velocities over the range required. Once the float stabilized at each



speed, a reading was taken from the dyndmornefer to obtain tension and q
measurement made of the taut measuring cable length:to provide the remaining
information required. Previous trial runs determined that a single or occasional-
ly ‘two runs wére sufficient to provide accurate datq for calculation of the
necessary parameters.

Calculations were then made to compute the drag force on the flodt,
the drag coefficient of the float and the Reynolds Number throughout the tested

velocity range.

Calculation of Drag Force

Referring to Figure I, the sum of moments about the pivot results in
the following equation:

(1) eeens (DCCOS¢)LI = Ds L2+TCos(l8O-6)L3+TSin(l8O-6)L4
Where DC = tension in the cable measured by the dynamometer
DS = drag force on the towing apparatus
T = tension in the cable to the flogt
Ll’ L2, L3, L4 = fixed distances as given in Figure |

i

angles as specified in Figure I,

$,8

From equation (1)
Dc Cos¢ Ll - DS L2
Cos (180-9) L, + Sin (180-9) L,

@) ceeivenee T =

By measuring the cable length to obtain 2!, Figure I, and knowing the
lengths of % dnd 2,3,~1‘he angle @ was calculated using the law of cosines. The

drag on the strut, or towing apparatus, was measured in g Separate towing test
without the float. It can be seen from equation (]) that, when T = 0

F Cos¢ L,
(3) veeereene. D = !

S L2

Where F is the cable tension measured by the dynamometer when towing the
strut alone. |



The drag force on the float D¢ =T Cos (180 -9)

The drag coefficient C was definedas C~ = - ~f
D D™t
p AUZ
, 2
Where U = velocity of the float
A = cross-sectional area of the float = .‘5236 m?
and p = density of the water = 998.8 Kg/m* @ temperature of 17°C

The Reynolds number, Re, was also calculated,

\ Re - Ub
Where D = float diameter = .8165 m
and Y = kinematic viscosity of water = 1.1306 x 107® m ?%/s

The test results are given in the following text, Plots | through 10
plus Tables | through 10. It should be noted that these tests were carried out on
a model and therefore, for full scale cpplicofion, the Reynolds Number must be
used to select the drag coefficient.

Test #1 ,
Assembly configuration - no discs i.e. nose and tail sections only.

Tow point - between nose and tail sections. ’

Tow angle at rest approximately 2° tail up.

Data reference - Table | and Plot |. .

No attempt was made during these tests to gauge the tow angle
during the test runs. The buoy was very stable throughout this test and
responded quickly and smoothly to return to prereverse attitude during the

current reversing tests,
Test #2

Assembly configuration - no discs i.e. nose and tail sections only

Tow point - between nose and tail sections

Tow angle at rest - tail down 3° with balast added

Data reference - Table 2 and Plot 2 |

Some lead weights were added to the tail section ballast container to
cholnge the balance point. The buoy remained stable throughout this test and
responded quickly and smoothly to return to prereverse attitude during the

current reversing tests.

-4 -



Test 73

Assembly configuration - | disc plus nose and tail sections

Tow point - in front of disc

Tow angle at rest - 7° tail up

Data reference - Table 3 and Plot 3

The buoy was stable throughout this test but nosed down slightly at
the start of the current reversal tests. The buoy responded well during the

remainder of the reversal tests to return to prereverse attitude.
Test #4

Assembly configuration - | disc plus nose and tail sections

Tow point - behind disc

Tow angle at rest - 13.5° tail down

Data reference - Table 4 and Plot 4

The buoy had a slight tendency to pitch during this test, however,
response during the current reversal test was good. It was also noted that the
nose came up during the turnirig process and then settled back to quf‘ri‘ng

attitude quickly and smoothly.
Test #5

Assembly configuration - 2 discs plus nose and tail sections

Tow point - in the middle between the. discs

Tow angle at rest - 4° tqil down

Data reference - Table 5 and Plot 5

The buoy was very stable throughouf this test and responded quickly

and smoothly to return to prereverse attitude during current reversing tests.
Test #6

Assembly configuration - 3 discs plus nose and tail sections

Tow point - behind the middle disc

Tow angle at rest - 14° tail down

Data reference - Table 6 and Plot §

The buoy was very stable during steady speed portions of this test. [t
was noted, however, that when the speed was changed suddenly, the buoy pitched
dramatically but then quickly settled down to a stable condition.



‘.The current reversal tests showed that the buoy reacted slowly to
slow direction change and quickly to quick direction changes. It was also noted
that when reversed at 3 cm/sec, the float moved around to approximately 45% in
relation to the flow direction and continued to tow in this attitude. At § cm/sec
the towing attitude stopped at approximately 80° in relation to the flow
direction. At all higher speeds, the buoy reversed quickly and smoothly to an

attitude parallel to the flow direction.
Test #7

Assembly configuration - 3 discs plus nose and tail sections

Tow point - ahead of the middle disc

Tow angle at rest - 6.5° tail up with the tail fin rotated

approximately 59 off vertical,

Data reference - Table 7 and Plot 7

The buoy was stable throughout this test but did tow slightly to the
side of its at rest centre line up to 35 cm/sec. This off parallel to flow direction
attitude straightened out immediately after 35 cm/sec. The buoy responded
quickly and smoothly to return to prereverse attitude during current reversing

tests.
Test #8 -

Assembly configuration - 4 discs plus nose and tail sections

Tow point - in the middle of the four discs

Tow angle at rest - 4.5° tail down

Data reference - Table 8 and Plot 8

The buoy was stable throughout this test, responded quickly and
smoothly to return to prereverse afttitude during current reversing tests and

showed identical towing characteristics as seen in Test #7.

Test #9

Assembly configuration - 4 discs plus nose and tail sections

Tow point.- in the middle of the four discs

Tow angle at rest - ballast added to balance the buoy at 1° tail up
Data reference - Table 9 and Plot 9

The buoy was stable throughout this test but did tow approximately

o) . . . . .
27 to the port side of jts at rest centre line in relation to parallel with the flow
direction.



During currenf reversing tests the float responded quickly and

smoothly to refum to prereverse attitude.

Test #10

Assembly configuration - 2 discs plus nose and tail sections

Tow point - in the middle between the discs

Tow angle at rest - ballast added to balance the buoy at 12° tail up

Data reference - Table 10 and Plot 10 |

The: buoy was stable throughout this test and parallel to the flow
dlrechon up to 200 cm/sec. At 200 cm/sec it took on and maintained a 3° to 5°
to port ongle off parallel with flow direction and an approximate 5° roll in
towing attitude. At 250 cm/sec the off parallel angle remained the same but the
roll ihcreased to approximately 5°,
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