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- STABILITY & DRAG TESTS OF SUBMERGED FLOATS 
Purpose - 

' 

V 

' T

" 

IO 

2. 

3. 

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

_ 

To determine the stability of all floats throughout the velocity range of 0 to 
ll knots-.

_ 

To determine the behaviour of these floats when the current is reversed. 
§pecifications of Test Apparatus:

F 

@\IO\U‘I-l>bJI\") 

0000000 

_ 

§pec;_ificq_t_i;on ofthe '/2 Scale Model Back-Up Buoyancy Subsurface Float: 

Towing Mast (see Figure 2) - this was manufactured by CCIW staff using 
aluminum sailboat mast sections for the main spar. The mast is "L" shaped, 
has a moveable friction freepivot on the vertical position of the "L" and has 
attachment brackets for support and measuring lines. 
Most dimensions a_re: . 

Vertical section ’ - 457.00 cm 
Horizontal sec-tion . 

- l53.00 cm 
Cross section - l0. I 0 cm x 7.60 cm 

Pivot bearings - Seal Master SF l2-3/4". 
Strain wire guide pulley bearings - McGill MB 25-5/8". - 

Tension measuring dynamometer - Dillon, I000 lb. capacity, 5 lb. divisions. 
Float attachment and tension measuring cable -.l00" diameter. 
Length measuring cable - .030" diameter. 
Mast level - Sand's.Craft No. sc_ so. 
Towing Device - Kempf and Remmers Modified CIOZ Carriage. u

_ 

Note: Figure I is a descriptive drawing showing the test apparatus, as 
used, plus the symbols and measurements used in the 
calculations. -

. 

2. 

,
. 

Outside dimensions are of full sized float. No attempt was made to scale 
buoyancy or weight of the float. Buoyancy of the scale model is 

approximately 40 pounds compared with approximately I00 pounds for the 
full sized unit. 
The model float consists of a metal plate running vertically through its full



3. 

4. 

length, plus two flotation pods. The centrally located plate provides a 
mounting surface for the flotation pods and some amount of ballast, a 
mooring attachment eye and forms a stabilizing tail fin (Figures 2, 3, 4 and 
5).

. 

Overall dimensions of the model are 86.6 cm length and 2-5.6 cm width at the 
widest point on the flotation pods. 
Three different base plates, numbered I, 2 and 3 (see Figure 5), were 
provided by BIO for testing. The main difference in the plates is the tail fin 
area. Fins I and 3 flair out to a wide point of 36.! cm and are slightly 
different in construction. Fin 2 has a wide point of 25.6 cm., the same 
dimension as the flotation pod maximum diameter. 

Procedure: 

The test apparatus was set up in the following ma_n1ner: ' 

The dynamometer (Figure 2) was suspended from the carriage mounted hoist. 
The strain wire guide pulley (Figure 2) was bolted to the carriage platform. 
The mast assembly (Figure 2) was bolted to the rear edge of the carriage so 
that the mast bottom was approximately 20 cm above the tank bottomand 
the mast was perpendicular to the water surface. _ s _ » 

The strain wire (Figure 2) was attached from the bottom forward edge of the 
mast through the guide pulley to the bottom of the dynamometer. 
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 (Figure 2), l.7 m in length, was attached-from 
the this tip of the mast" to the mooring point on the underside of the float 
(Figures 2 and 3). ' 

The "length measuring cable" (Figure 2) 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 position was maintained throughout the tests with the aid 
of a level strapped to the upper portion of the mast and adjusting with the 
hoist. . 

_ g 
_ 
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The length measuring (cable was pulled‘ taut and a "reference markYwas 
affixedtoit. l 

we 
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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 dynamometer to obtain tension and a 
measurement made of the taut measuring cable length to provide the remaining 
information required. Previous trial runs determined that a single or occasionally 
two runs were sufficient to provide accurate data for calculations of the 
necessary parameters. 

Tests were run using each of the three base plates with and without 
ballast. - 

A 

i

' 

Calculations were then made to compute the drag force on the float, 
the drag coefficient of the float a_nd the Reynolds Number throughout the tested 
velocity range. ' 

Calculations: 
. .

» 

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

0 
I 

.

‘ 

(l)...(DcCos ¢)L1 = DSLZ + TCos(l80-e)L, +TSin(l80-6)L., 

Where Dc = tension in the cable measured by the dynamometer. 
D = 
g

s 
T .-= 

L1 , L2, Lia , L It = 

¢ , 9 = angles as specified in Figure l 

drag force on the towing apparatus 
tension in the cable to the float 
fixed distances as given in Figure l 

From equation ( I) 

(2) T = 
Dc.COs 4) L1 — DsL2'

V 

Cos(l8O -*6) L, + Sin (I80-9 ) Lt. 

By measuring the cable length to obtain 2.1., Figure l, and knowing the 
lengths of 9,2 and 2.3, the angle 9 was calculated using the law of cosines.~ The 
drag on the strut, or -towing apparatus, was measured in a separate towing test 
without the float. lt can beiseen from equation (l) that, when T=O

F 

» F Cos ¢_L, l 

(3)-... D = . 

S -L1 .;3; 

. .. - ~.._...,)_.‘.~. » ¢-¢._-.-..~-'
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Where F is the cable tension measured by the dynamometer when towing the strut 
alone. 

t
. 

The drag force on the float Df=T Cos (I80-9)
2 

The drag coefficient CD was defined as CD=Df/p A 
Where ' U = velocity of the float 

A = cross-sectional area of the float = .OSl5 ma 
and ‘p = - 

. density of the water = 998.8 Kg/m3 @ temperature of l7°C 

The Reynolds number, Re, was also calculated Re=UD/Y 
Where D = float diameter = .256 m 
and Y = kinematic viscosity of water = l.l306 x IO-6 m2 /s 

' 

The results of these tests are shown in the following text, the data 
summarized in Tables l through 6 and the drag coefficient versus Reynolds 
Numbers shown graphically in Plots I through 6. 

' i 

. lt mus-t be remembered that these tests were carried out on a lflscale 
model, which was scaled according to length only and was unscaled regarding 
buoyancy. The Reynolds Number must be used to select the drag coefficient for 
full scale application. It must also be noted that changes occurring in the towing 
angle, presenting a larger float cross-section to the current and increasing the 
drag force caused a marked increase in drag coefficient in every test. See Tables 
and Plots l through 6. . 

< 
R
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Test l 

\

- 

Assembly configuration - l, Fin #;l, c/w supplied ballast 
Tow angle at rest — level r

g 

- Data reference - Table l and Plot I
_ 

W 

The float was stable from a velocity of .25 m/s through .55 m/s. At 
.6_5 m/s, a slight fishtail actionoccurred followed by a stable attitude again from 
.75 m/s through l.0S m/s. Slight yaw ac-tipn appeared at l.l5_ m/s increasing to 
approkimately 5-IO cm each side of centre, at" l.3S m/s. The “yaw action remained 
the same “through L45 m/s and |.55 m/s-, however, at these velocities the nose of 
the float tipped uputo ” 30° and 45° respectively, This nose up condition gradually 
increase_d_ to mofreuthlani 60°, the bU0.y;to'wed ."i 30 cm to port, whenviewed from 1 

the carriage, and yaw motion became '¢rr<}1;,i§: ll .m/S'i’,rhro‘ug_hi:2;S_O ml/s.-‘
A

A
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Assembly configuration - #2 Fin #l without supplied ballast 
Tow angle at rest - ~l0° nose down 
Data reference - Table 2 and Plot 2 
The float towed at a slight angle, <20, to the flow direction at .25 m/s 

but aligned itself parallel with the flow at .35 m/s. The buoy was stable from .25 
m/s ‘through l.O5 m/s. The nose .down attitude gradually increased from l.l5 m/s 
through l.45 m/s, accompanied by a slow and somewhat erratic yaw motion. This 
test was quickly terminated at l.S5 m/s when an extreme nose down condition plus 
violent yawing a_nd rolling actions occurred.

_ 

Test #3 

Assembly configuration - #3, Fin #2, c/w supplied ballast 
Tow angle at rest - level A 

Data reference - Table 3 and Plot 3 
' The float was stable from .25 m/s through .95 m/s. A slight fishtail 

action occurred‘ at l.05 m/s and was accompanied by a slight angle, <20, to port 
of flow direction at l.l5 m/s. Yaw motion of ~ I5 cm each side of centre 
occurred at |.25 m/s and increased to ~ 30 cm at l.35 m/s. A nose up attitude of 
~ 30° appeared at l.45 m/s and the float towed ~ 60 cm to starboard of centre 
with a slow yaw action. This towing angle changed to ~ 45 cm to port of centre 
and the nose up attitude increased to ~ #50 at l.55 m/s. Nose up angle of > 45° 
plus a violent yaw of 60 cm or more terminated this test at l.65 m/s. 
Test #4

' 

Assembly configuration - #4», Fin #2 without supplied ballast 
r Tow angle at rest - " I00 nose down 

Data reference - Table 4 and Plot 4 -

' 

The float was stable from .25 m/s through .55 m/s. A slight yaw 
motion occurred from .65 m/s through .95‘m/s and increased to ~ 30 cm each side 
of centre at l.25 m/s. The nose down attitude began to increase at l.35 m/s and 
the test was terminated at l.45 m/s due to violent yaw action, >' 90 cm, and a 
nose down posiition of " 60°. A 

_5_



Test #5 

Assembly configuration - #5, Fin "#3 _c/w supplied ballast 
Tow angle at rest - level ’ 

Data reference - Table 5 and Plot 5 
5 

<

V 

The float was stable from .25 m/s through .95 m/s. A slightgnose up 
attitude appeared at l.05 m/s and increased to > 60° at 2.50 m/s. Very slight and 
slow yaw motion occurred from l.2.5 m/s through l.55 m/s. This yaw ac-tion 

increased dra_matically from 2.00 m/s through 2.50 m/s to a violent and rapid 
motion which resulted in the termination of this test. 

Test #6 e

_ 

Assembly configuration - #6, Fin #3 without supplied ballast ‘ 

, O _ Tow angle at rest — ..1~_|0 nose down 
Data reference - Table 6 and Plot 6 ' 

The float was stable from .25 m/s through |.O5 m/s. The nose down 
attitude began to increase at l.l5 m/s and continued to do so to the termination 
of this test at l.55 m/s. A slow yaw motion, occurring at l.l5 m/s, increased 
throughout the remainder of this test and was accompanied by a rolling action at 
l.55 m/s. This violent action resulted in the termination of this test at l.55 m/s. 

General Comment '
' 

Stability begins to break down at ~ I m/s due to the float taking on a 
nose up towing attitude which increases with velocity. Relocation of the towing 
point and ballast may improve the stability,‘i.e. towing point forward and ballast 
rearward but allowing the float_to remain level at rest. However, because the 
buoyancy was not scaled, it would not be possible to obtain the optimum towing 
point in the model tests. 

'

- 

- 

A 

The float responds smoothly and quickly during the current reversal 
tests. - 

‘
. 
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