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Abstract 

The Plate Settler Spacing (PSS) team is continuing to progress with the High Velocity Gradient experiments.  We have altered the process controller method in preparation for this experiment set and so far, we have obtained feasible data from one of the aluminum tubes.  The Plate Settler Dynamics Model is also being further developed.  We are also analyzing the strengths and weaknesses of the PI ratio formula and contemplating improvements.
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 Introduction

These past two weeks, the PSS team has been setting up the aluminum tube experiments and started running them to get more data for assessing the velocity gradient influence on plate settler performances. In the mean time the numerical model has been implemented with realistic values and is currently debugged in order to get simple floc roll up and roll down theory. The team will carry on working and finding a way to code floc break-up mechanisms.


The team ran two aluminum tubes experiments - the ¼” Al tube with an upflow velocity of 1 mm/s and the ¼” Al tube with an upflow velocity of 9 mm/s. Feasible data was collected from the 9 mm/s tube and is analyzed below. The experiment with the 1 mm/s upflow velocity shows a transient regime (non-steady state) which has not ended so more data is needed.


And the team is currently thinking about switching to a set of two Pi ratios
 for each tube which would give a range of values. These values should give us some information about the uncertainty on the failure (not the magnitude of the failure). An in depth discussion follows.

Experimental Design
Experiments

The team is currently performing aluminum tube trials in order to assess the extent of failure possible via floc rollup. Theory for this experiment follows. The following equations govern velocity gradients:
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where vα is the velocity through the tube settler, vup is the upflow velocity, and α is the angle the plate settlers are placed.
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where vgradient is the velocity gradient of the tube settler and dtube is the diameter of the tube.

In order to achieve high velocity gradients, we decided to test smaller diameter tubes.  Previous tube trials used PVC tubes with a minimum diameter of 6.35 mm and a maximum velocity gradient of 7.274 s-1. Smaller PVC tubes were not available so we decided to test aluminum tubes with inner diameters less than a quarter inch – 4.051 mm, 3.259 mm, and 2.464 mm. 
To determine the length required for a tube settler we use the following equation with a capture velocity of 0.12 mm/s and a 60 degree tube inclination (α):
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Which is a rearrangement of the equation below:
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where Vc is the capture velocity, L is the length of the tube, and S corresponds to d​tube.  The equation above is the relationship between plate geometry and flow conditions for the team’s laboratory tube settler configurations.

Lastly, to determine the flow rate for our experiments we input the length of the tube into the equation below:
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Table
 1 below indicates the results of calculations The 6.434 mm aluminum tube at an upflow velocity of 1 mm/s is a control tube used to ensure that the difference in material does not significantly affect results.
Table 1. Tube geometries and flow rates for the aluminum tube experiments

	Tube Diameter (mm)
	Upflow Velocity (mm/s)
	Velocity Gradient (1/s)
	Tube Length (m)
	Flow Rate (mL/min)
	PI Ratio

	6.434
	1 (control tube)
	1.44
	0.117
	1.95
	1.06

	6.434
	9
	12.92
	1.144
	17.56
	0.118

	4.051
	5
	11.4
	0.397
	3.87
	0.134

	3.259
	5
	14.21
	0.319
	2.49
	0.108

	2.464
	5
	18.75
	0.242
	1.43
	0.083


The expected results of these trials will be discussed in the Results and Discussion Section below. 

The Process Controller method was adjusted to focus on the aluminum tubes. The starting cycles are the same – there is a Raw Water Turbidity state which ensures an influent of 100 NTU and a Floc Blanket Formation state, during which the influent is dosed with 45 mg/L of alum, sent through rapid mix and flocculation, before being sent upwards through the main clarifier to form a floc blanket. After about 5 hours, the system switches to the Tube Settler Loading and Withdrawal states specific to each tube. The flow rates used are listed in Table 1 above. The pumps were calibrated and manual flow rate measurements are taken for each tube to ensure accuracy.

Results and Discussion
Table 1 in the results and discussion section indicates the PI ratio range for the aluminum tube trials. The PI ratio range 0.83 – 0.134 corresponds to an expected failure range of 30% to near 100%. Figure 1 below shows the results of the previous PVC experiments in addition to the new data collected.
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Figure 1. Results from the PVC tubes and 6.434 mm (at 9 mm/s upflow) Aluminum tube. Normalized Turbidity vs. PI ratio.
The team has collected acceptable data from the 6.434 mm aluminum tube at an upflow velocity of 9 mm/s (the light blue dot at the top left). The failure percentage was found to be around 33.54% with a tube settler effluent of 3.74 NTU and a floc blanket effluent of 11.15 NTU. The results seem to fit the expectation that as the PI ratio becomes exceedingly small, failure increases exponentially. The result from the 6.434 mm aluminum tube still meets the World Health Organization standard of less than 5 NTU. However, the team expects that the other aluminum tubes will have effluent in excess of this standard – near 100%. 
Dynamics Model

We tested the model with realistic values in order to simulate our data. We used the settling velocity model of F. Maggi 
 and set the geometric values of tubes we used in lab. The velocity profile was calculated based on these parameters. For a given set of values, we would know the Pi ratio
 and would therefore be able to see if the model was performing accordingly. Two extremes values of the Pi ratio were used: PI=0.209 for an upflow velocity of 1 mm/s for a 0.25 in diameter tube and a total length of 0.623 m (see Figure 2), and PI= 4.1 at 1 mm/s upflow velocity and 1 inch tube diameter (see Figure 3). Unfortunately, we were not able to get the expected data. But we are debugging the code to find where these inconsistencies. The main problem is that a condition is causing the floc roll up condition to be applied to all flocs regardless of their size and settling characteristics.
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Figure 2 - Results of the numerical model for a 0.25” tube PI ratio of 0.209 with floc fractal dimension of 3 and tube geometry as configured in lab. The particles are following paths are the centerline movement of the flocs. The y-axis represents the tube diameter on the millimeter scale where r=0 is the center. The graph depicts the cross sectional area of the tube, where the x axis represents the length of the tube. 
[image: image6.png]Fle Edt Vew Insert Toos Desktop Window Help

PEE PRI EEN Y PR )]

D=TIn-L=4.b5m - U.V =4.1

001
0.005
r(m) ,
0005

0.01

z(m)

45





Figure 3 - A result of the numerical model for a 1” tube predicted not to fail with a PI ratio of 4.1. It can be seen that none of the flocs hit the wall and settle out. Indicative of the need to debug the code further. 
Future Work
While discussing our available data and the PI-ratio model, we decided that we should have another approach to the PI ratio, which takes the average experienced velocity gradient and applies it closer to the floc centerline rather than at its edge (as assumed in earlier velocity gradient assumptions). This ratio would be used in conjunction with first PI ratio value to assess the associated error. 
The idea is to compute the second PI ratio by computing the average experienced velocity by the following equation: 
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The graph on Figure 4 compares both Pi ratios.
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Figure 4 – Comparison of the two pi ratios. The solid lines represent the ratios for particles experiencing a velocity gradient at its edge. The dotted lines represent the ratios when the velocity is taken as an average over the particle diameter. We see that the Pi ratio based on an averaged experienced velocity is above the previous ratio. Therefore we expect this Pi ratio average to be less conservative and to give an estimate of the uncertainty on failure prediction. Both PI ratios are considering equivalent hard spheres’ diameters.

These two PI ratios therefore correspond to a worst case and a best case scenario for the floc rollup theory. 
We expect this range to shed insight into performance when the ratio is very close to 1 about whether or not failure will occur.

The team also thinks that it would be more relevant to quantify and predict failure by taking the inverse of the PI ratio and stating that failure should occur when this flipped Pi ratio is greater than one. This idea is motivated by the notion that this would give the PI ratio a greater range to describe failure. It is also expected to be more intuitive in terms of comparing failures values, since differences in PI ratio might better reflect differences in effluent turbidity. For example, instead of having a pi ratio of 0.5 and 0.2 (this is not taken from any data we have, it is only to give an example), we would compare a value of 2 to a value of 5. The greater the number, the more certain the failure should be (even though we have shown that we are not able to predict the magnitude of the failure). This may make it easier to find a relationship.

The team will work in finding the parameters and computational methods to account for a floc break up model in terms of its effects on velocities in order to implement this into the numerical model to quantify failure predicted by the PI ratio.

Team Reflections

The team is still having problems finding materials. This week the duct tape disappeared.  None of the teams in either lab rooms knew where it went. 
The machine shop and the lab upstairs did not have any either. We are not really sure of how to address the issue of materials going missing.
Another issue the team has faced concerns the plate dynamics model. Although we know the turbidity of the influent going into the tube settler and the effluent coming out of it, there’s currently no way to determine the size distribution of the particles. The team may obtain a settling velocity distribution from the Tube Floc team; however, a complicating factor is the existence of the floc blanket in our system.
 The distribution going into the plate settler would be different due to this. The distribution is a key factor in expanding the dynamics model. We would like to be able to find a way to measure this distribution or to find a way around it.
Also since all the teams are expected to meet in the lab during class team work, the lab gets very congested. This congestion makes it difficult and inefficient to work during these hours. These team work schedules are also the only moments Richard (our “team’s consultant”) is able to come (since it is defined in his schedule and e-mails) and assists to some of our discussions. We would like it if there could be a way to ease the congestion – maybe alternating team work schedules for the lab.


We also feel like the reflection reports are very time consuming (mostly because it’s difficult to fit our activities into this template). Maybe more general categories would make it easier and less time consuming
.
� See <https://confluence.cornell.edu/download/attachments/87983632/WikiAppendix-Definitions_Equations_somevalues.pdf?version=1> for the Pi ratio equations


� F. Maggi, “Variable fractal dimension: A major control for floc structure and flocculation kinematics of suspended cohesive sediment”, Journal of Geophysical Research, Vol. 112, 2007.


� See <https://confluence.cornell.edu/download/attachments/87983632/WikiAppendix-Definitions_Equations_somevalues.pdf?version=1> for the Pi ratio equations





�Great report guys! Thanks for explaining everything so simply. Make sure to ask if you have any questions for the final report! 100/100


�Just tell me what you need to know! (


�This whole section (above) is great. It really explains your reasoning behind the whole experimental design.


�Great


�There should be duct tape in the lab on Monday. Talk to me if you don’t see it. Email me whenever you have issues like this so you don’t have to wait. (


�Maybe we could pump your suspension to the Tube Floc apparatus after it’s gone through the floc blanket?


�I’ve noticed this as well (obviously). I think all teams would say the same thing you did, it’s easiest to meet during class time because its in everyone’s schedule. Maybe we can encourage teams without experimental apparatuses in the lab to work elsewhere, or ask teams to consider meeting at a different time. I just wish we had a bigger lab!


�We will definitely take this into account for next semester (since this is the last report for this semester). Feel free to re-define the sections for the final report. The important thing is that you document all your work in an organized fashion.





