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20. Attach the background image calculated

22. Attach the illustration of your slowest movie.

Trial 7: Slow Flow
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Figure 1. Track Plot of Slowest movie. The plot demonstrated the tracks of particles from the first 100
frames. The colors of the lines represent the instantaneous speed of particles. In this plot, the tracks of
slow flow tend to be shear bands.



23. Attach the illustration of your fastest movie

Trial 6: Turbulent Flow
B~ A T & . W

Instantaneous Speed (px/frame)

0
- -4 \ » ’
100 - AN
4 D
200 - _ AR\, \
300 - N g
400 '\’
[
2 5001 4+
2 C N
o’
S gool
‘I"‘ %
700 - '), )
goo- 0 ¢
900 - ¢
1000 -
0 200 400 600 800 1000 1200 1400 1600 1800

Figure 2. Track Plot of Fastest movie. The plot demonstrated the tracks of particles from the first 100
frames. The colors of the lines represent the instantaneous speed of particles. In this plot, the tracks of
fast flow tend to be turbulent.

24. Attach the plot of variation of Re with applied current.

45 T T

40} &
v .//
— ~
§ 35— A 4
[ 3
3
% fod
] S0 - a 1
= £ oo
g
E 25 - - 1
—Er
./I.I =,
20 i |
3
!{Z
15 - 1 1 L L 1 1 1 L )
40 60 B0 100 120 140 160 180 200 220
Current (mA)

Figure 3. Reynolds number variate with applied current. The fitted line used third degree polynomial fit,
which shows that the Reynolds number is positively proportional to applied current.



25. Attach the plot of root-mean-square of horizontal velocity variate with Re.
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Figure 4. Root-mean-square of horizontal velocity vs Re. The fitted line used second degree polynomial fit
shows that horizontal velocity tends to be positively proportional to Reynolds number. At Re =24.0154,
the root-mean-square of horizontal velocity has a jump, which means it’s the critical Re.

26. The critical Reynolds number Re. =24.0154



Table 1. Movies and tracking results.




27. Abstract

Optical techniques are powerful and common for fluid motion. In particle tracking velocimetry (PTV), flow
visualization and automated tracking of moving particles enables us to study fluid motion. This lab
focuses on fluid motions manipulated by a combination of magnetic fields and electric currents result in
various fluid flows, from simple shear bands to complex vortices, depending on the flow velocity and its
viscosity. The ultimate goal is to predict the stability of flow motions. According to our data, we
demonstrate the flow stability is associated with Reynolds number. This shows the importance of the
Reynolds number in estimating the flow system's predictive stability. More generally, it shows the
applicability of the basic principles of fluid mechanics to estimating complex flow behavior and system
stability in various situations.

28. Methodology

The experiment determined the critical Reynolds number which the flow motion changed from simple
parallel shear bands to complex vortices. In order to obtain the Reynolds number, the dynamic viscosity
u and flow velocity field are needed, by Equation (1).

Re=ULp/ Equation (1)
U is determined by the MATLAB codes generated by Professor Kelly’s team. p is driven by Equation (2).

2R? :
== pspr) Equation (2)

To start the experiment, we need to produce a 175g of 10% copper sulfate in water of total mass mixed
with 20% glycerol by total volume. Then measure the mass using the scale and volume using the
graduated cylinder. Then drop a sphere to the fluid and record the terminal velocity using a stopwatch
and ruler. ps= 1180 kg/m?3, R = 794 um. Thus, p is determined by the parameters given using Equation (2).

Use ruler to measure the magnet strip’s width and then pour the fluid into a plate until the electrodes are
connected. Then scope small amount of fluorescent tracer particles using wooden coffee stir to the fluid
and scatter the particles throughout the fluid. After that, drop a tiny amount of dish soap to the fluid in
order to increase the visibility of the fluid under the camera. Sweep the bubbles of the fluid to minimize
the error of particle detection. Connect the multimeter and fluid apparatus to the power supply in series
so that we can accurately read the current and voltage. Apply a small current | to make sure the fluid is
moving in parallel shear bands and then gradually increase the current to see if the fluid will be
accelerated. After that, use the webcam and the Windows Camera App to capture a photo of the plate.
Tune the focus of the webcam to take a clear photo. Then put a wooden ruler near the fluid layer and take
a photo so that we can convert pixel sizes into mm. Then remove the ruler and connect the blue light bin
to power supply and put it on the fluid plate. Then apply small current and take a video of the fluid for 5-10
seconds. Record the current, frame rate and movie file name. Then gradually increase the current and
record videos for the same time range and record all the information mentioned. Iterate the process for
eight more times. Then dispose the fluid. Then use the MATLAB code provided by Professor Kelly’s team
to analyze the fluid. Clearly choose the threshold from range 0 to 255, and maximum displacement of the



particles for each video and record the parameters used. Calculate the horizontal velocity using root-
mean-square method and get the Renyolds number using Equation (1) with the velocity calculated by
root-mean-square method. All the horizontal velocity must be converted into mm. Record all horizontal
velocity and Reynolds numbers of each trail. Plotthe velocity field of the fastest and slowest flow at 100"
frame. To analyze the data, we need to collect all the Reynolds numbers calculated for each trail and the
current of each trail. Then plot the Reyolds number vs the current change. In Figure 3, we can conclude
that Reynolds number is positively proportional to the current. According to Figure 1 and Figure 2, the
slow flows will exhibit the parallel shear bands, and the fast flows will have irregular vortices. Based on
Figure 4, there is an obvious jump at Reynolds number of 24.0154, which represents that the horizontal
velocity is changing largely. When we have large velocity, the flow will present complex vortices, which
means the jump pointis the critical Reynolds number.

29.

Trial 7: Slow Flow
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Figure 1. Track Plot of Slowest movie.

In Figure 1, the plot shows the velocity field of the slow flow at the 100 th frame. It demonstrates the
shape of the slow flow is simple parallel shear bands, so that the horizontal velocity of the flow is
relatively small because it tends to move vertically.

____Trial 6: Turbulent Flow
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Figure 2. Track Plot of Fastest movie.



In Figure 2, the plot shows the velocity field of the fast flow at the 100 th frame. It demonstrates the shape
of the fast flow is irregular vortices. In this motion, the flow will have larger horizontal velocity. Therefore,
to differentiate the fast flow and slow flow, the horizontal flow would be a reference.
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Figure 3. Reynolds number variate with applied current.

In figure 3, the plot of Reynolds number vs current shows that the Reynolds number are positively
proportional to current, which means that Reynolds number can represent the flow with different
currents. In the other hand, the Reynolds numbers are like the ID of the flows with different currents
connected. Thus, we can plot the horizontal velocities vs Reynolds number.
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Figure 4. Root-mean-square of horizontal velocity vs Re.

In figure 4, the flows having large horizontal velocities are the ones having complex vortices. There is a
jump at Re equals to 24.0154, which means the horizontal velocity changes from small velocity to higher
velocity. This transition of horizontal velocities also represents the transition from slow flow to fast flow.



As aresult, the threshold Reynolds number, critical Reynolds number, is determined, which is 24.0154
for the fluid used in this experiment. Since the horizontal velocity is also positively proportional to
Reynolds number, we can conclude that Reynolds number can be used to predict the stability of the flow
motion. Faster flows are less stable having complex vortices, and slow flows are more stable having

parallel shear bands. We can also determine the critical Reynolds number by analyzing the horizontal
velocity associated, where the stability of the flow changes.



