
.J~, LIN I V E I',S IT Y
~ of NEKV HAMI'SHIITE

Tech 797

Ben Anibal

Laura Bal dinger
Dustin Metayer

Faculty Advisor: Dr. Diane Foster

Cohesive Incipient Motion



Table of Contents

..... 1 4

15

15

I. Incipient Motion .
II. Camera

III. Camera Analysis: MatPIV.
IV. Dry Experiment: CCD Camera Measurement of Ogunquit Sand Velocity ....
V. Tank Construction.

VI. Flow Straightener.
VII. Instrumentation

VIII. Instrument Mounts..

I. Dry Experiment: CCD Camera Measurement of Ogunquit Sand Velocity ....
II. Tank Construction.

III. Flow Field Velocity Measurements

3 5
.6

........ 7

9 9
11

12



Objectives

Camera analysis is being performed to examine the incipient motion of sand particles at the
base of a circular wave flume in Gregg Hall at the University of New Hampshire in Durham,
New Hampshire. Images of particle motion are being captured with Point Grey's high-
resolution CCD camera, the Grasshopper 2. Once the images are collected, they are analyzed
in a Matlab program, MatPIV, which determines their velocity vectors and velocity, knowing
the times the images were captured. The objective of this yearlong project is to learn proper
technique for sediment transport analysis. This technique could be used in imperative
situations, such as oil spills, where it needs to be determined if oil particles are moving or
not to initiate the most effective cleanup protocol.

To validate this camera analysis technique before the main objective is accomplished, a dry
run of the experiment using the same camera analysis procedure will be performed. A sand-
bed will be constructed and pulled using a pulley system across a table surface. The
Grasshopper 2 will capture the particle images to be analyzed in MatPIV. The velocities
obtained in the Matlab program will be compared to experimentally collected velocities
found using kinematic equations. Distance and timing of the sand-bed in motion will be
collected to use in the kinematic equations. If the MatPIV program provides the same
velocities as the experimentally derived velocities via the kinematic equations, it can be
concluded that this MatPIV camera analysis technique is valid.

Before measurements are taken in the circular wave flume in Gregg Hall, a specific position
in the tank must be chosen based off of velocity measurements. A site with uniform flow is
desired. Velocity measurements will be taken with Nortek's 3D velocimetry sensor, the
Vector. Once a position has been chosen, data for a 3D flow map will be collected.

Based on the collected velocity measurements, a sediment size will be chosen to enable
incipient motion of sediment at the base of the flume to be captured using the camera. Once
captured, the particles images will be analyzed in MatPIV.



Theory and Experimental Methods

I. Incipient Motion

Incipient motion can be thought of as the single moment in time when a particle begins to
move from rest. The determination of this time depends on many factors, including both
the particle s! in question and the surrounding flow. Attempts at models to develop
formulae for incipient motion have been made, but presently dimensional analysis is the
only accepted method in determining the most likely time in which incipient motion will
begin. One of the first to work with developing relations for incipient motion was Albert F.
Shields, who in 1936 defined what is known as the Shields parameter. Today, the Shields
parameter is still accepted in the study of sediment transport. This parameter, defined as a
dimensionless shear stress, holds as the critical parameter to define the start of particle
movement.

Before looking closely at the parameters and Shields diagram, the forces on an individual
grain in the sand bed can be balanced. Below is the free body diagram displaying all
relevant forces acting on the particle, assuming it is resting on a bed of more sand grains.
The force of gravity acts downward, lift acts upward, drag acts in the direction of the flow,
and there is a resistive force up and against flow from the particle below.
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Figure 1: Force balance on bed particle.

Using a force balance, two equations can be made for the x and y directions, assuming a time
before the advent of motion. These being:

FL + Fq + FRY = 0 and FD + FRX = 0

The force of gravity for a submerged particle is related to its volume and density with:
fnFg  p di t pH 0! g«~~a  - O�...!



The lift force on the particle is found using the velocity of the flow at the top and bottom of
the particle, UT and U>, respectively, along with the coefficient of lift, cL, which is roughly 0.2
for a sphere. Area is defined as the cross sectional area perpendicular to flow.

Fz = p   � !  Ur � Ue! Area

Drag force is found in a similar manner with the use of a flow field, U, speed assuming the
particle was not there.

FD = p � U Area �!

With the use of a logarithmic flow profile near the bed floor, and the a Von Karman
coefficient", roughly.41, the drag force will become:

FD = rb � F � Area
0

where

F   � ! = [ � In   � ! � 1] D = particle diameter Zp = bed location of zero velocity
Zp k ZP

The above equation uses the Von Karman coefficient, k, to describe the velocity at the bed of
a turbulent flow, assuming a no slip condition. This flow field is described as:

a z! = "�" In  � '! �!

where

u�is a velcoity scale to characterize the boundry layer

The resistive force can be broken into x and y components, and the critical drag force set
equal to the x component of the resistive force. Relating all previous forces, and setting the
bed stress equal to the density of the particle times the characteristic velocity squared, the
equation becomes:

u2
D, = 0 = Shields Parameter �!

3F � 1+ � tan IlI!
Zp Fd

This is the Shields parameter, which is roughly a relation of drag force over the immersed
weight of the particle. The critical Shields parameter defines the beginning of motion and
requires the knowledge of the critical velocity, or critical bed stress. In order to calculate the
critical bed stress, a particle Reynolds number can be defined to directly plot against critical
bed stress. The particle Reynolds number is a dimensionless number defined as:

~RgDD
V

where

ps p
R = and D = median grain size

p

With this number, a fit to Shields data and the critical bed stress was given by Brownlie as:

'rc: 0 22Rp ' + 06e  9!



The figure below shows various data plotted on the curve that relates the Reynolds particle
number to critical bed stress. Knowing simple flow characteristics and particle information
leads to the discovery of a theoretical bed stress; this can then be used to determine the
speed at which incipient motion will begin. It should be note that this is not the original
Shields curve, which relates the particle Reynolds number to shear stress directly.
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Figure 2: Shields diagram plotted with additional data and Brownlie equation
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Use of this curve can be helpful in determining sizing needs for a study. Between a model
and prototype parameters, both should have the same particle Reynolds number and the
same Shields stress. Further use of the curve can help to predict flow speeds that will be
needed to begin the onset of incipient motion. The previous analysis neglects unsteady
flows and focuses only on invariant unidirectional flow. Waves in the flow, along with any
underwater pressure gradients, were also ignored due to their variability and difficultly in
modeling for a wide range of conditions.

II. Camera

The camera selected for this project was chosen based off the need for a field of view of
about 15 centimeters by 15 centimeters to resolve sand grain sizes with a diameter of 5
centimeters. It was also chosen based off of the criterion to capture image frames at 30 Hz

This curve allows for a comparison between mostly sand beds and mostly gravel beds. The
large set of data located to the lower right is for gravel-bed rivers. Here, the maximum
shear stress is only twice the critical shear stress for transport, and sediment transport
requires nearly full flow. For sand beds, as seen in the test data in the upper left, shear
stress was 20 to over 60 times that needed for incipient motion. This leads to more constant
sediment transport, which often occurs in suspension, as seen by the dividing upper line.



or frames per second. The company Point Grey was recommended by Tom Lippman of
CCOM.

Point Grey's Grasshopper 2 was chosen as it fit the
desired criteria, pictured in Figure 3. The Grasshopper 2
is very compact, 58 mm x 44 mm x 29 mm, which is
beneficial for a flow analysis where reduced flow
disturbance is preferred. It has a maximum resolution of
1384 by 1036 pixels, with a pixel size of 6.45 by 6.45
micrometers. It has a maximum frame rate of 30 frames

per second at this maximum resolution, 1384 x 1036. Figure 3: Point Grey's
Grasshopper 2

The Grasshopper 2 has dual 9-pin IEEE-1394b 800 Mb/s
ports interface. This interface allows the camera to be directly connected to a computer via
a FireWire cable. An 800 Mb/s 9-pin to 6-pin FireWire cable was used to connect the
Grasshopper 2 to a MacBook with a 6-pin FireWire Port.

The specification sheet for this camera can be found in the appendices.

III. Camera Analysis: MatPIV

Particle Image Velocimetry, PIV, image analysis was used as the method to determine the
velocity of particles along the sand bed. A basic PIV study yields the instantaneous two
dimensional velocity vectors for a given area of flow, which can be used to create a real time
mapping of velocities at a point over a set period of time. The use of multiple offset cameras
 stereoscopic arrangement! can be used to find the 3D flow of particles, although this was
not used in this project and vertical flow was not accounted for.

The methods for velocity calculation, as utilized by MatPIV and other PIV software, look at
the relative change in distance among particles for a given time period. The use of a steady
light or a synchronized strobe illuminates the particles at each camera image. Subsequent
pairs of images are further divided into interrogation areas  IA!, and the pixels of each IA
are compared between the two images. Correlations between consecutive IA's at the same
spatial location identify the average particle displacement for that area. A velocity map for
the entire field can be calculated by finding correlations among all IA's. An important factor
to ensure accurate calculations is to set the interrogation window size such that on the
order of 10-20 particles are seen. Any particles that travel out of the interrogation window
during a time step will also result in a loss of correlation. To combat this, the change in
distance travelled should be on the order of 25% of the change in the length of the
interrogation window.

MatPIV, a free software toolbox for Matlab, was used to create the code that calculates the

velocity vectors of the flow field. The options available and the filters provided allow for a
wide variety of analyses, but a set of basic options must be used for all trials. The captured
frame rate, either 15 Hz or 30 Hz, for sediment transport initializes the time step. The
interrogation window, in pixels, must be set following the previously stated principles.
Using a single pass over the interrogation window, the program will output four matrices,
the x any y coordinates in pixels and the u and v velocities in pixels per second. In order to
calculate real world velocities, a scale image must be taken and the pixels/cm conversion is



used to find a speed in meters/sec. Results can be filtered using a signal to noise ratio,
which eliminates erroneous vectors due to particle saturation or insufficient matching
between images. Analysis between a pair of images can be visualized with a velocity vector
map. In this project an iterative loop was used to find the velocity at a single point for a
series of many images over a longer period of time.

IV. Dry Experiment: CCD Camera Measurement of Ogunquit Sand Velocity

A dry experiment was performed prior to any in water testing to validate the MatPIV
camera analysis technique. Particle images were collected using the Grasshopper 2 and then
analyzed in Matlab.

The test structure used to calculate incipient velocity of sand from Ogunquit, Maine consists
of a 24" by 12" piece of pinewood plywood surrounded on both sides by cardboard of the
same size. Before the pieces were glued together, a hole was drilled in the center of one end
of the plywood and a 100 lb. fishing line was tied to the hole. Two 12" long, 1" angle irons
were glued on top of the top layer of cardboard to simulate ripples, seen in Figure 4.

Figure 4: Sand bed test structure

The sand was attached to the top of the sand bed test structure using spray adhesive. The
test structure was placed on top of a wooden laminated tabletop. The fishing line attached
to the test structure was attached to a 1.5-pound mass on the opposite end. The fishing line
ran over a pulley attached to the end of the table. When the mass was released at the end of
the table, the test structure slid across the table.

The static coefficient of friction between the tabletop and the bottom cardboard piece of the
test structure was calculated using Equation 10. The static coefficient of friction between
two solid surfaces is equal to the tangential force required to produce sliding divided by the
normal force between the surfaces.

�0!



where

It is the static coefficient of friction
F is the tangential force
N is the normal force

In this scenario, the tangential force is the weight of the dropped mass and the normal force
is the weight of the sand bed test structure.

The velocity of a single grain of sand was calculated using MatPIV and Dantec Flow
Manager. Individual images were collected using Point Grey's Grasshopper high resolution
CCD camera using the software program Astro IIDC. The camera was setup on a tripod
facing downwards capturing the sand particles as the test structure slid across the tabletop.
This setup can be seen below in Figure 5.

Figure 5: Camera and sand bed test structure set up

The velocity calculated using the velocity vectors in the MatPIV program was compared to
the velocity of the sand bed calculated using the law of conservation of energy equation and
the kinematic equations of motion.

The conservation of energy equation equates potential energy to kinetic energy.
PE =KE

m~gh = � m2v 2
2

where

m> is the mass of the potential energy contributor
g is gravity
h is the height of m2
m2 is the mass of the kinetic energy contributor
v is the velocity of m2



2m~gh

m2
�2!

This velocity was verified with the velocity of the sand bed test structure calculated using
the kinematic equations of motion. Equation 13 takes the initial, final velocity and the time
elapsed over a defined distance into account.

V;+Vf
t

2 �3!

where

d is the distance traveled

v; is the initial velocity
vf is the final velocity
t is the time elapsed

In Equation 13, the final velocity represents the velocity of the sand bed test structure to be
solved for. The initial motion of the sand bed is zero. The time elapsed was captured using a
stopwatch and the distance was measured using a tape measure. Rearranging Equation 13,
the sand bed test structure velocity was calculated using the following equation.

2d
Vf � V j �4!

V. Tank Construction

The circular tank was assembled by Charlie Watkins, a Civil Engineering student at the
University of New Hampshire, and by Nick Tamblyn. Since the end goal of this experiment is
to put oil in the tank to collect incipient motion data of oil sediments, the subfloor of the
tank was designed with these intentions in mind. The subfloor was mandated by the town
of Durham, New Hampshire to ensure entrapment of the oil-water mixture in the volume. A
sidewall was constructed with a liner to hold 600 gallons of fluid as a precautionary for any
leaks. The tank has a maximum capacity of 4000 liters of fluid but the tank is limited to a
volume of 20001iters due to the limitations of the university. The tank consists of 41arge
outer radius sections and 3 inner radius sections.

The tank outer diameter is 11 feet with a 7 foot inner diameter. This provides a usable fluid
cross section of 2 feet and ~/4 inches. There is a 5 inch height difference between the inner
and outer sections of the tank. This is because previously the tank contained a weather vain
to generate waves inside the tank. The tank contains an additional prevention measure to
prevent its inability to seal the gaps between the Lexan and the aluminum tank structure.

Vl. Flow Straightener

Researching was imperative in understanding how to properly straighten the flow in the
circular tank in Gregg Hall. The principle behind a flow straightener is to insert an object to
sub-divide a large-scale turbulent flow that is spread out across the tank cross-section. The
flow straightener uses smaller cross-sectional tubes or channels to sub-divide the large

For this procedure, m> is the mass of the weights being dropped at the end of the table and h
is the height of the table. The mass of the sand bed test structure is m2 and the velocity of
the test structure is the unknown being calculated. Rearranging the conservation of energy
equation, Equation 12, shows how the velocity of the sand bed was computed.



scale circular flow. As the flow passes through the flow straightener the flow becomes fully
developed in the smaller section tubes or channels. The small sections of fully developed
flow create a uniform flow on the exiting side of the flow straightener. When the flow
reunites on the exiting side of the flow straightener, uniform flow is established. The
reduction of turbulence depends on the length of the flow straightener and the cross-
sectional area of the individual tube or channel. The smaller the cross-sectional areas of the

individual tube or channel are, the smaller the turbulence. The length of the flow
straightener enables the flow to fully develop. This depends on the viscous effects, the
velocity of the fluid, and the density of the fluid.

The selection of the length of the flow straightener was decided from research and a scale
comparison from previous masters' theses on the development of a water tunnel. An
additional safety factor to guarantee fully developed flow. The masters' theses of John Rule
and Christopher Doane were used to select the length of the flow straightener. The flow
straightener developed for both Doane and Rule's tanks had an overall length of 1 foot of
PVC pipe. Rule embedded the pipes into the concrete of the flume. The circular tank's
geometry is inconsistent in comparison to both of the master theses flumes as the theses
provided data for an oval flume with straight test sections. For this project, the circular tank
in Gregg Hall at University of New Hampshire is being used, which is comprised of two
cylindrical inner and outer tank sections. Due to different geometries of the flumes an
additional length to the straightener was added to allow the flow to become fully developed
inside the flow straightener tubes or channels. A safety factor of 1.5 was chosen to multiply
by the selected length previously used in Rule and Doane's theses, making the length of the
flow straightener 16 inches.

Figure 6: Final construction of the flow straightener

The volume of the flow straightener was selected to be 16 inches by the tank diameter by a
foot and a half of tank height. The material selection was chosen to resemble honeycomb,
which is used to straighten flow for some wind and water tunnels. The selected material
was a clear polycarbonate corrugated roofing panel. These panels were stacked together to
create a hexagon pattern for a flow straightener cross-sectional area. A template was
attached and traced onto the material from a predesigned template prior to stacking the
material. A template consisting of arcs on the ends the material created by using a string
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Vll. Instrumentation

As mentioned above, the Grasshopper 2 camera is one of the instruments being used to
collect velocity data. The other devices used to collect velocity are velocimetry sensor
instruments. The velocimetry sensors, belonging to Dr. Diane Foster, are Nortek's Vector,
Vectrino II, and Aquadopp.

The Vector was used in this experiment to collect velocity measurements at various
positions in the wave flume. The Vector is a high-resolution acoustic velocimetry
instrument used to measure 3D water velocity, pictured in Figures 7 and 8.

Figure 7: Nortek's Vector Figure 8: 3 velocity components of the
Vector

The Vector collects velocity data using coherent Doppler processing, seen in Figure 8. It
collects data using three velocity components, one in the x-direction, y-direction, and z-
direction to obtain 3D velocity results. The Vector has the ability to collect temperature,
pressure, tilt, and compass readings along with velocity readings. In this experiment, only
the velocity measurements are being recorded.

Its sampling volume is 0.15 meters from the probe, at a diameter of 15 millimeters and a
height ranging from 5-20 millimeters. It can sample at an output of a range from 1 to 64
Hertz. The specification sheets for the Vector and data tables of collected data are located in
the appendices.

For more precise velocity measurements for this scale of an experiment, it is advised the
Vectrino II be used to collect additional velocity data. The Vectrino II similarly measures 3D
velocity but at rates up to 100 Hertz, faster than the Vector's maximum frequency of 64
Hertz. It also has a vertical range of 3 centimeters, with a resolution of 1 millimeter.
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and a pivot point. A pivot point at the radius of the inner and outer sections of the tank and
a pen to mark the arcs on a cardboard template were used. The radii were marked out onto
the material, and then the pattern was cut using sheet metal tin-snips. The corrugated
panels were stacked and held together using aluminum 1/8-inch grip by 1/8-inch depth
rivets. The aluminum rivets allow for a rust free flow straightener, in case salt water was to
be used in future experiments. The patterns were cut to the precise dimensions of inner and
outer radius of the tank to allow for the straightener to slide right into position in the tank
with no braces to hold the flow straightener. Braces would interrupt the flow causing
turbulent vortices.



Due to time constraints, only the Vector was used to collect data. The Vectrino II and
Aquadopp should be used in the tank to collect additional velocity readings for comparison
purposes.

The Nortek instruments come with a complete suite of Windows 2000/XP software for data
collection. Figure 9 shows the Vector II being used for data collection in the tank.

Figure 9: Vector being used to collect velocity measurements in the
tank

Vill. Instrument Mounts

The motor mount was designed to preserve the integrity of the tank liner's high density
plastic. The motor mount was designed to simulate the natural usage of the current stage
transom mount trolling motor. The mount maintains the integrity of the tank by using
additional 2 inch by 2 inch 90 degree aluminum, which is lowered down the sidewalls of the
tank. The 2 inch by 2 inch 90 degree aluminum angle iron supports a 2 inch by 6 inch pine
board, which spans the cross-section of the tank. All of the components are held together
with stainless steel 5/16 inch bolts and nuts.

Figure 10: Design of the trolling motor's mount in SolidWorks
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The camera mount was designed very similarly to the trolling motor mount. The only
difference was using different angle iron since this mount will not experience nearly as
much torque as the trolling motor mount. 1 inch by 1 inch, 90 degree aluminum angle iron
was used instead of the 2 inch by 2 inch, 90 degree aluminum angle iron.

Figure 12: Camera pressure case, mount, and
flow straightener

Figure 11: Camera pressure case and mount

The camera mount can be seen in Figures 11 and 12. It should also be noted that a pressure
case had to be constructed to hold the camera and keep it dry. The pressure case consists of
a 3-inch diameter gray PVC pipe. An end cap with a 2.5-inch diameter hole was placed on
the end of the gray PVC pipe. A piece of Lexan was cut to place between the end cap and the
pipe, creating a lens. The components were glued together using JB weld to create a
watertight seal.

The pressure case was held to the mount using two 2 inch to 3 inch diameter pipe clamps
and another piece of 1 inch by 1 inch, 90 degree aluminum angle iron. The angle iron was
screwed to the plywood using two 5/16 inch bolts and nuts.

When looking back at Figure 9, it can be seen that the camera mount was suitable for the
Vector as well.
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The trolling motor mount was designed to hold the maximum thrust of the trolling motor at
the maximum depth. The trolling motor mount was designed to withstand 225 ft-lbs of
torque at the center point of the beam or transom. The design calls for the mount to be
bolted to the upper rim of the tank for a secure connection point, so any failure of the
connection point would be from shear of the stainless steel bolts rather than failure of pure
clamping between material sections.



Results and Discussion

I. Dry Experiment: CCD Camera Measurement of Ogunquit Sand Velocity

Tables 1 and 2 show the results of the dry experiment discussed previously. These tables
represent the velocities found using the kinematic equations. The particle imagery data
sought to be collected was unreliable. The MatPIV program could not decipher the velocities
due to too much blur of the sequential images. The velocity vectors went haywire so
modifications had to be made to this experiment to acquire reliable data to validate this
camera analysis method.

Table 1: Raw data collected from the estimation of the velocities, using a constant mass system

Test Time �'-2"!

 sec!

Distance Traveled, Sand Bed

 inches!

Distance of dropped Mass

 inches!

1 146 36 26

2 148 36 26

3 1.13 36 26

4 1.59 35 26

5 1.59 34 26

Table 2: Kinematic equations of motion results using the time between a known to distinct points

d =  vj+ vf!/2 *tKinematic Equations of Motion

Time �'-2"! Distance Traveled, Sand Bed

Test  sec!  inches!
1 146 36

3.19E+01

2.20E+01

2.14E+01

2.65E+00

1.83E+00

1.78E+00

As you can see above, the velocity measurements ranged from 1.8 ft/sec to 2.7 ft/sec. These
velocities are much too fast for the camera to capture clearly to perform this analysis. The
main modification made to this experiment was putting a lesser weight on the end of the
pulley to slide the sand test structure, which slowed the velocity down. Also, light was
added to the experimental set-up to reduce blur.

The experiment was performed again with these modifications and the velocities were able
to be resolved in MatPIV. No reference frame was captured to determine the magnitude of
the velocities, but the MatPIV program showed the velocity vectors aligned well with the
direction of motion of the sliding test structure, so it was concluded that this camera
analysis technique was valid.
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1.48

1. 13

1.59

1.59

36

36

35

34

Final Velocity

 in/sec!
2.47E+01

2.43E+01

Final Velocity

 ft/sec!
2.05E+00

2.03E+00



II. Tank Construction

The overall tank construction is set to the town of Durham's environmental standards

according to Charlie Watkins. The tank provides poor flow properties due to the tank's liner
and the orientation of a circular tank. The tank liner has ridges from excess material, which
creates vortices in the downstream flow, as well as high flow gradients perpendicular to the
mean flow direction. For improvement, it is recommended that the material ridges be
reduced in the tank either by tightening the liner or by removing the liner all together from
the tank. Sealing the tank with a longer cure time silicone caulk, which perhaps allows the
caulk to settle into the nooks and crannies of the tank gaps and rids the tank of the
mentioned unwanted flow characteristics.

III. Flow Field Velocity Measurements

As previously discussed, velocity measurements were collected using the Vector. 8 angles
were chosen around the circular wave flume, shown in Figure 13. First, 3D velocity
measurements were collected at these 8 angles in the middle of the board, notation shown
in Figure 14. In Figure 14, position 1 is in the middle of the board. Positions 2 and 5 are
located 6.5 inches away from the tank wall. Position 2 is 6.5 inches away from the outer wall
of the tank and position 5 is 6.5 inches away from the inner wall of the tank. Positions 3 and
4 are 9 inches away from the outer wall and inner wall of the tank, respectively.

Tan» angle notation

I; Flow
straightener
and ~otor

Figure 13: Tank angle notation for Vector velocity measurements

Board hole notation

Figure 14: Board hole notation for Vector velocity
measurements
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The first round of measurements to choose the location were taken when the probe was 10
centimeters away from the base. This was later resolved to be an inaccurate set of
measurements, as the sample volume requires the probe to be at least 15 centimeters away
from the base. Although inaccurate, these measurements showed themes. To choose a
location of uniform flow, a location with a high ratio of x-direction velocity to y-direction
velocity was desired. Based off of these measurements it was concluded that position 1
showed the best uniform flow among the 8 angles in the tank. Position 1, seen in Figure 13,
is the position directly behind the flow straightener.

Once this location was chosen, measurements were collected at all 5 radii, denoted on the
board in Figure 14, at this selected position and at positions 10 centimeters further from the
flow straightener and 10 centimeters closer to the flow straightener. The idea behind all of
these measurements is to create a 3D flow map to compare to the camera particle image
analysis to be performed in the future.

Along with all of these 15 data collection points 10 centimeters from the bottom of the tank,
15 positions were collected at two other elevations. One set of measurements at 20
centimeters from the bottom of the tank and the other from 30 centimeters away from the
bottom of the tank. These were more accurate and reliable to analyze than the 10
centimeter from base readings, as the sample volume requires 15 centimeters of height, as
mentioned before.

Side of tan~

Figure 15: Elevations and distances of readings

Figure 15 shows the notation used for the elevations of the measurements and the distances
from the flow straightener. I is 10 centimeters from the base, II is 20 centimeters from the
base, and III is 30 centimeters from the base. B is the chosen location from the first round of
measurements. A is 10 centimeters further from the flow straightener relative to B and C is
10 centimeters closer to the flow straightener relative to B.

The first round of measurements at the 8 different angles was collected at 32 Hz for 3
minute samples. When the second round of measurements was being collected at the
chosen location, technical difficulties ensued causing the sample time to be cut down to
about 30 seconds each.

During the data collection, the trolling motor mount slipped due to torque being caused by
the motor. This led to the motor's propeller blade slicing a hole in the plastic liner of the
tank. Water consequentially began to leak, pictured in Figure 16. To fix the leak, the tank
had to be drained out. The tank was drained using the required on-site pump and a siphon
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Knowing that the velocity of sand is 2650 kg/m~, the drag coefficient just found, and the
average tank velocities found using the Vector of about 0.3 m/s, the shear stress of the bed
is found to be 0.289 Pa.

This value can be used to find the Shields parameter in Equation 16, which will be
compared to the critical Shields parameter for sand, 0.05.

0�
V. � a!~~so

0 � � 0.089
�650 � 1000!9.8�.0002!

�6!

Dividing the shear stress by the product of the difference of the sand density and water
density, gravity, and diameter of the sand, 0.2 mm, gives the Shields parameter for this
situation. The Shields parameter is 0.089. The critical Shields parameter for sand is 0.05.

Since the Shields parameter for this scenario is larger than that of the critical Shields
parameter, incipient motion is expected to occur and sand is an appropriate choice for the
sediment for this experiment.

18

The drag coefficient can now be used to find the shear stress of the bed, using Equation 15.

r = p co U, �5!
7 = 2650 0.0012 0.3 = 0.289 [PQ]



Conclusions

It can be concluded from the dry experiment using the sand bed test structure consisting of
sand from Ogunquit, Maine, that camera imagery analysis is a valid method for measuring
incipient motion.

The dry experiment was followed by setting up for performing a similar experiment in
water in the circular wave flume in Gregg Hall at the University of New Hampshire. A
pressure case for the camera and instrument mounts for the camera, velocimetry sensors,
and trolling motor were constructed in preparation.

Velocity measurements were collected using the Vector at multiple angle positions around
the tank. An angle close to the flow straightener was chosen as it was characterized by the
most uniform flow relative to other tank angles. The velocity measurements were found to
be in the range of 30 cm/s.

The velocity measurements collected by the Vector were used to select an appropriately
sized sediment grain to put in the tank. It was concluded that using sand in the tank given
these velocities would mean the sediment will experience incipient motion, so sand is the
chosen sediment. Once the tank is repaired, water will be put back in. Before the sediment is
put in the tank, more velocity measurements will be taken with other velocimetry sensors,
the Vectrino II and/or Aquadopp as stated previously. More data collection will lead to a
more complete flow field measurement to compare to the data that will eventually be
collected using the Grasshopper 2 and MatPIV program.
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