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AZIMUTHAL CURRENT METER TEST FIXTURE



ABSTRACT

An a21muthal 1nc11nated adJustable current meter test frame has
‘ been des1qned and manufactured for the testing of various current sens1nq'
. assemblies. The frame prov1des for azimuthal rotation of the current meter
“through a full 360° of current attack and may also be inclined through 30°

‘of the flow direction. The frame therefore allows current meters to be
R tésted for horizontal response to varying attack angle flows and further
~ allows ‘for the simulation of 1nstrument drag characteristics by being
o adJustable in the 1nc11nated axis.

RESUME

_ On a congu et fabriqué un cadre d'essai azimutal, inclinable et
_reglable pour courantometres afin de mettre a 1'@preuve divers montages
Qti]isés pour la mesure des courants. Le cadre permet de faire effectuer
une rotation - azimutale compladte sur 360°  aux courantomdtres et  peut
'éqalement atre inclingé de 30° par rapport 3 la direction de 1 écou]ement
'11 permet donc de vérifier 1la réponse hor1zonta1e des courantometres 2 des
i'écoulements suivants des angles d'attaque var1ab1es de 1'&coulement et, de
simuler les caractéristiques de trafnée des instruments puisqu'il est
“réglable en inclinaison. |
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1.0 - INTRODUCTION

‘ "~ In eontinuation of the jointly sponSOred DFO/DOT enefgy R&D
‘sprogram; Stody No. 5122-604 Gyrocaﬁpass -Unmanned‘ Profiling Systems’
(G-UMPS), the Department of Fisheries and Oceans, Central Region, requested
MANTEC to perform an analysis, design, and manufacture of a test fixture
capable of providing a means to test the horizontal response
characteristics of various current meters. o

~ The horizontaT response of current sensors is important to
identify the capability of these sensors to accurately measure currents
“ attacking the instruments at various attack angles  in the horizontal
plane. Similar1y, it is important to know how this horizontal response
reacts to having the instrument inclined as would normaily happen on an
“embilical surface line and/or mooring line due to drag of the lines. The
project  was undertaken on a cost _recovery basis for Mr. E.O0. Lewis,
iDepartment of Fisheries and Oceans, under study no. 346/6.

2.0 " DESIGN CRITERIA

The Current Meter Mount1ng Frame should  meet the following. :e.'

_requ1rements if it is to become a pract1ca1 and re11ab1e tool for use on
‘the tow tank carr1age
1. It must be able to be mounted in the center hole of the tow tank
- carriage in order to provide easy access to the current meter. |
2. The Mounting Tube must be capable of providing three hundred and sixty
- degrees of azimuth rotation in f1fteen degree increments and
inclination from zero to th1rty degrees in five degree increments.
This would simulate actual field conditions when -the meter would be
mounted on a cable mooring.
'3,'sThevMounting'Tube must have sufficient rigidity to prevent deflection
at high speeds and unwanted oscillation due to vortex shedding.
4. The Mouoting'Tube must be adaptable to any type of meter. The first
~two meters to be used are the Marsh-McBirney Model 551 Spherical Sensor
- and the Neil brown Model 3331 3-Axis Acoustic Velocity Sensor.
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25. The Current . Meter Mount1ng Tube and Frame shou]d ‘be manufactured of a
’ suitable, corrosion res1stant material to w1thstand up to 250 hours
immersion use per year in freshwater with a conductivity of <0.10 ms,

" for a period of 10 years. | o

3.0 DESIGN CONCEPT

» Several basic designs were considered and after careful review
and analysis, the fol]ow1ng design concept was. chosen

-~ The Mounting Frame and Tube were constructed of Aluminum 6061- -T6.
"It is a medium strength a]umxnum structural alloy with good mechanical
tpropert1es and fair corrosion resistance. ’ ‘ ' '
v The Mount1ng Tube is made of 4—1nch schedule 40 pipe. Abpendix 2
conta1ns calculations showing that thxs size results in acceptable stress
1evels at the maximum tow carriage speed.. Appendix 3 conta1ns calculations
showing that the tow tank carr1age is capable of being dr1ven at. speeds at
~which the - vortex shedding frequency and natural frequenc1es 1ntersect ’
Caution must be taken when towing current meters near these speeds. Figure
1 shows the critical speed ranges. It also must be noted that heav1er‘
Ccurrent meters will reduce the natural frequency of the Mounting Tube
‘ assemb]y, and that non- -symmetrical meters may cause unwanted osc1llat1on

The Mount1ng Tube has been constructed with an '0' ring seal in
the bottom flange face, which will prevent water from enterlng the mounting
tube, thus enabling the testing of meters wh1ch do - not have. water res1stant_
electr1ca1 connectors.

An anti- cav1tat1on plate has been provided wh1ch is mounted be]ow
;the surface of the water. This prevents the downrush of air from the free
surface at h1gher speeds when separat1on of the boundary 1ayer occurs on
the trailing surface of the mounting tube.

 Azimuth positioning is made possible with an indexing flange

which is fastened to the top of the Mounting Tube. A series of holes in
- the: f]ange at fifteen degree intervals can be lined up with an 1ndex1ng pin
hon the mount1ng frame. Inclination is obtained by p1v0t1ng the.p1pe clamp




-3 -

f_to the appropr1ate angle and 1nserting a bolt on each s1de of the mount1ng
.frame - : - ' , :
The;Meuhting Tube‘has been electricaTIy insulated from the tow
'-tank'Carriagehby a rubber‘liheh_on the inside and top of the pipe clamp.
This also helps to iso]ate the Mounting Tube from any mechanical vibrations -
~which may be caused by tow'carriage,travel.

4.0  SET UP PROCEDURE

The Current Meter Mounting Frame and Tube has been designed for
easy assembly and disaésemb]y. The mounting frame is provided with 1ifting
Tugs and bridle slings to be used with the overhead crawl beam crane. The
mounting tube is also provided with a ny]on sling on one end. )

The fo]low1ng 1s a general procedure for setting up the Current
Meter Mounting Frame and Tube. '

a) Remove the center floor panel on the tow tank carriage.
b) . Lift the Mounting Frame ontOgthe'carriage.with the overhead erane;'and
lower it into position as shown in the General Arrangement Drawing
li(Appendix 4).' After lining up the bolt'holes,_fasten'the frame to the
tow tank carriage with four half-inch UNC bolts, cemplete with lock and
flat-washers. Cover the remaining poftions of the center hole with the .
precut pieces of three quarter inch thxck plywood. ' |
c) Tilt the p1pe clamp to the zero 1ncl1nat10n pos1t1on and open the pipe
- clamp.
—d) Install the current meter on the end of the Mounting Tube, using 'O'
" “rings and the appropriete-adapting flange. The dotted line running the
length of the pipe is aligned with the zero azimuth position. This
' dotted 1line should cohrespond to a refehence point on the current
meter. ‘ |
e) After 1nsta1l1ng an appropr1ate protection dev1ce on the current meter
- sensor, lift the Mount1ng Tube and current meter onto the carr1age with
the overhead crane.
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-;df):ionce the meter has been lowered through the. open1ng in the Mountxng

o Frame, remove the sensor protect1on device. .
g) Lower the Mount1ng Tube until the 1ndex1ng flange is rest1ng on the top

~of the pipe clamp and the indexing pin is engaged in the flange Close

the p1pe clamp and t1ghten the nuts on the carriage bolts.

The current meter will be ready for tow1ng after the electrlcal
_ connect1ons between the meter and  the data co]lect1ng systems have been
made

5.0 CONCLUSIONS

_ An acceptable design for the Current Meter Mounting Frame‘ and
“Tube has been developed. The design meets all the design criteria require-
ments.  Detailed fabrication drawings were made and the fixture was

manufactured in the MANTEC Machine Shop.
~ The Frame and Mount1ng Tube have been tested successful]y on the

tow - tank using . both the Marsh-McB1rney Model 551 and the Neil Brown Model

3331 velocity sensors.
6.0 RECGHHENDATLONS

, Care must ‘be taken when f1rst towing a new meter in order to
observe its hydrodynamic behaviour at speeds where the natural -and- vortex

sheddtng frequencies coincide. _
A protection device should always be 1nstalled on a current meter

~sensor to prevent damage during assembly and disassembly. .
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Flow Drag Calculations



 APPENDIX 1

Drag forces are - proportional to the square of the veloc1ty,
“(therefore, all the drag force calculations are for the maximun tow tank
~ carriage velocity. -

"Water Temperature 18 c -
= density of water 998.74 kg/m°

P
p = viscosity - 1.06 x 10~3 pass -
U = velocity . 6.0m/s

- D = pipe diameter - '0,114 m

Reynolds Number -Calculation

e = U0 (1.1a)
B _ :
:_Re. - 6.44 x 10° o

_ The drag coefficient for a circular cylinder having a Reynoids"
* number between 10* and 1 5 x 105 is Cp- equal to 1 2 o

~ Drag Force Calculation

Fy = 2459.3 Mm of length R Y

. fhe drag force is 2459.3 N for each meter of submerged pipe at 6 m/s.
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| APPENDIX 2
B .Material Specifications:
; Aluminum 6061-T6
) S, Tensile Strength 303.4 MPa
” s, Yield Strength C 282.7 Wa
" E Modulus of Elasticity . 68.9 GPa

. Pipe Spec'-ific-_atj:ons:

Nominal 4 inch Schedule 40

0.D. - OQutside diameter 0.114 m
[.D. - Inside diameter 0.102 m o
1 - Moment of inertia ~3.01 x 107%m®
. ‘ - Loading Diagram:
o b R i‘ o
Q 4 5 1 y
o
S — R2
g‘l
Q: X
[o 0] .
C\'; L ======9
R — FD Forward :
e
_ L aa g
@ -~
- ¥ ——

all dimensions ih metres
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 ,Th§:sum'of_the forces in the:y direéfibn equals zero.

R, + 1.420 #D -R = 0 | . (2.1)
 The sum of'thevmoments about ‘R, équals zero.

+1.428) = 0 (2.2a)

0.337 R - 1.820 F (1':20

Re = 8.9 Fp | . (2.2b)

From Equation (2.2b) and Appendix 1, the value of R, is 22113.85 N.
“From Equation (2.1), the value of R, is 18621.64 N '
_The following calculations are based on singularity functiOnsi

" Loading Function:

g = R 0t Ry x - 3D - Ry x - 1.424.>°  (2.3)

Shear'For;e:

Vo= - RGO + Ry <x - .33D° - Fp < - 1.4285° (2.4)

Bending Moment :
M = - RO+ Ry <« - 33D - — & - 1.426 (2.5)
: - 9 .

Slope: ‘ }
| E
; -R ) R : D . .
&y _L R 2 - 3t o -« - 1.429°) (2.6)
dx T2 2 6 |




AP .2-3
-jDef1ec§joﬁi.” - E :
oy " ’;T [_Ei <’*>3, + 2_2 & - 337 ; x - 1'.'4242*] (2.7)
The maxim@m Bendfng Moment occurs at x = 0.337.
- From Equation (2.5), the Beqding Moment is 6275.5 N‘m.
”Behding Stress'Ca]culatfon:‘
. =%3_/ T - (2.82)
e = 222 ;‘ = N'z;"" . (2.80)
o = 118.84 wa - | | | | (A2.8c')_
.The}maximUn Bending.étress 15 118;84 MPa.
AFachr’bf Saféty Cq]cu]atioq;
'Fij. _ gl - j_ o -_v : | . .v j . (é;Qa)
F.s. = ‘282.7_ MPa - S (2.9)
F.S. o= 2.4 o | g (2.9¢c)

The factor of safety is 2.4 for the Mounting Tube.

~The maximum deflection occurs at _X = 2.844 m. From Equation (2.7) the
- maximum deflect{On'is 0.06 m. This defleciton would result-in'anaximum‘
“inclination error of 1.4 degrees at maximum speed. ' '
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for the Mounting Tube
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APPENDIX 3

- ‘The natural frequency of a cantilevered structure is given by the
following equaton: | .
a. o : o o
Foos S —EL 14/2 - o (3.1)
- | (m + mw)L3 R

= 'Young's Modulus 68.9 GPa

= moment of inertia 3.01 x 10-6 p*

= length of pipe 2.844 m

= mass of pipe 12.75 kg

= added mass of the water 14.48'kg _

= modal coefficient has values of 3.52, 22.4, and 61.7 -

for the first three modes respectively.

kY 3 3.~ —~ m
1]

From Equation (3.1), the first three natural fréquencies occur,at”fi
1.2 Hz, 7.7 Hz, and 21.3 Hz respectively. However, the additional mass of '
a current meter on the end of the Mounting Tube will decrease the natural’ .
‘freQuénCies because the mass terms are in the denominator of Equation »
(3.1). | - S
| 'The vortices shed in 'the wake of a circular pipe occur at a :'
frequency of f,. which is a function of both the velocity U and the plpe'
diameter D. This data is represented by the Strouhal Number S, in the
fol]ow1ng equation. |

s = By

The Reynolds Number was calculated for several velocities in the range of .0
to 6 m/s. Using data presented by Fung (1960), the Strouhal number-was
obtained and the corresponding vortex shedding frequencies were calculated
“using Equation (3.2). These results are shown in Figure 1.



15

| - APP.3-2
FIGURE 1. Natural and Vortex Shedding Freauencies '
versus Velocity
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Detailed Fabrication Drawings
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APPENDIX 5

Photographs of Completed Parts
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