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For more accurate data collection, the Tube Floc team conducted a series of experiments on two parameters of Process Controller that controlled the transition from the constant water flow to settling state: ramp down and ball valve close duration. Using the pressure sensor, we analyzed the variation of bulk velocity in time and adjusted these parameters to achieve optimum case of steady water in entrance of settle state. In addition, to complete the methods paper, we condcuted two short experiments proving the  reproducibility of our experiments.

Introduction

For the past few weeks, our team focused on getting rid of the undesired, sudden increase (hump) of turbidity that we had hypothesized as being caused by differential settling. Though the modification of our apparatus (such as the elimination of the ledge at the top fitting of the settling column) somewhat improved our results, it did not completely eliminate the hump. Therefore, before making drastic changes and analyzing differential settling, we decided to first improve the accuracy of the settling data. 

During settle state, the fluid present in the settling column should be in its most steady state as possible. To achieve this steady state, the transition of fluid movement from constant flow to zero velocity must be as smooth and accurate as possible. Using the pressure sensor, we were able to determine the overall fluid velocity in time; by adjusting  ramp down and ball valve close in Process Controller, we tried to find the optimum values of these parameters that would prevent the fluid from moving when entering settle state. Our goal is to have ramp down end at zero bulk velocity and have this condition maintained even after ball valve close.

Two experiments were conducted that were appropriate to the methods paper that had yet been completed. The data from these test were successful as the trends of the turbidity proved the reproducibility of our experiments and confirmed our hypothesis on the effects of flocculator length and alum dosage.

Although the modifications that had been made on the apparatus in the past weeks did improve the accuracy of our collected data, we still encountered some problems regarding the brittleness of the settling column. We are still looking into a solution to this problem; we are considering in replacing the glass column with a stronger material such as acrylic. Though the refraction index is higher for acrylic, we are hoping that the thinner walls of this new tube will compensate for such loss. 

Experimental Design

Ramp Down and Ball Valve Close Durations

To temporarily get rid of the undesired, disruptive increase (hump) of residual turbidity, we decided to manipulate the two parameters that determined the smoothness of the transition from the constant water flow to settling state: ramp down and ball valve close duration. Though we would be risking the loss of initial settling data since an overly slow deceleration of flow would cause settling to have already occurred before entering the settling column, because our main interest lies with flocs that have a sedimentation velocity less than 1 mm/s, we decided that the loss could be temporarily overlooked. **We are aware that we need to come up with a more solid, reliable way to solve this problem, but as we have time restraints and data to be analyzed, we would be using this method just for the data analyzed for the paper being written by the end of this month.

In order to determine the right duration of  ramp down, we installed a pressure sensor that would measure the velocity of the bulk fluid. Initially, we decided that the optimum time to exit ramp down and enter ball valve close was when the bulk velocity reached zero (Figure 1).
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Figure 1. Measurement of pressure vs. time. Transition made from ramp down to ball valve close when ramp down reaches zero velocity (zero pressure).

     Once the ball valve starts to close, the cross-sectional area at the ball will decrease causing fluid to accelerate; we wanted the pressure to be zero at the end of ramp down to prevent this acceleration through the decreasing area of the ball. For the optimal case, we hoped for the zero pressure to be maintained during ball valve closed; however, as can be seen in Figure 1, pressure continued to decrease during the closing of the ball valve. The duration of ball valve close is a set value of 6 seconds. An increase to this value on Process Controller will only cause a momentary inactivation of the system during the time after 6 seconds. 

      Since our goal was to have no fluid motion during the record of settle state, we decided to test and see the effects of setting zero pressure at the end of ball valve close rather than ramp down (Figure 2).
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Figure 2. Measurement of pressure vs. time. Ball valve duration is based on when pressure sensor reads zero (velocity of fluid is zero).

Completion of Data Collection for the Method Paper

We have also conducted two experiments to gather sufficient example data for the methods paper. Both experiments are studying varying alum dose for 30 NTU influent water from 0 mg/L to 38 mg/L using a base 1.5 power law increment function. We conducted a total of four trials, with two at a flocculator length of 56 m and two at a flocculator length of 84 m. 

Results and Discussion

Ramp Down and Ball Valve Close Durations

      The two states in Process Controller that can be manipulated to give a smooth 

transition from the water flow from the flocculator to the settle state at the column are Ramp Down and Ball Valve Close. Ramp down controls the rate in which the pump for the influent flow to gradual stops. If the pump is stopped too quickly, the sudden disruption of the constant flow will cause the water to oscillate before coming to a steady state. The time it takes for the ball valve to close will always take exactly six seconds. However, by extending this duration, we will be able to give the fluid time to stop oscillating. Here, if the ball valve is closed while the bulk fluid is moving, an oscillatory movement in fluid will be created; we want the water movement in the settling column to be as steady as possible, not disrupted by the movements from the apparatus. 

      Our first attempt in finding the optimum values for these parameters was to change ramp down duration so that the water movement at ball valve close would be zero. We thought that though we would be losing some data due to the slow decceleration, for the current data analysis, this loss would not affect our data analysis process. Currently, we are focusing on flocs with lower sedimentation velocities which would come from the last portion of the data from settle state; the loss of initial data would be, in a way, out of our interest.

      However, after this modification, we realized that if we wanted to minimize the water movement at settle state, the bulk fluid velocity, and thus the pressure should be zero at the beginning of the ball valve close state. Hence, we changed our values again and got the plot that could be seen in Figure 2.

      These modifications did get rid of the undesired 'hump' in the data. However, this does not mean that this sudden increase of turbidity does not exist; we have taken advantage of manipulating the apparatus to only focus on the data that would successfully fit in Data Processor. We are aware that the problem of differential settling still exist and that this temporary solution is not a good, solid method for an accurate representation of flocculation. For future experiments, we will not be using this method of data manipulation and will look for a more reliable solution to this problem.

Completion of Methods Paper
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Figure 3: Residual turbidity for 30 NTU influent water, varying alum dose with a 56 m flocculator. Two trials were performed for the given alum dosages.
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Figure 4: Residual turbidity for 30 NTU influent water, varying alum dose with an 84 m flocculator. Two trials were performed for the given alum dosages.

The residual turbidities for both tests showed high degree of reproducibility, as both trials conducted at both flocculator lengths showed very similar results. Both the 56 m flocculator and the 84 m flocculator exhibited similar behavior, but flocculation occurred with less alum in the longer flocculator, as expected.

Future Work

We have continued to have some difficulty with the current glass settling columns. Future experiments will first involve troubleshooting FReTA to determine whether or not acrylic can be substituted for glass in the settling column. This will help avoid the problem of breaking columns and having leaky fittings. If the acrylic does not function as expected we will investigate new fittings that may secure the current glass column more effectively.

Once the new column is put in place we will continue our investigation into how alum is added into FReTA by determining the alum dose where flocculation begins to occur at a range of turbidities using overlapping power-law increments of alum. This will help establish a solid baseline for experiments involving changes in how alum is added and how rapid mix is performed. Additionally, we may begin investigating PAC as a substitute for alum.

Team Reflections

In the past few weeks, we have not been able to make significant progress in our research. The physical problems we encountered in our apparatus prevented further experiments to be run. We are still making adjustments in FReTA to improve its accuracy in turbidity reading and to solve the continuing problem of the slipping of the settling column. We are hoping that once the apparatus is fully repaired, it will become more easily adjustable and will improve our efficiency in running future experiments.

The team has been setting meeting times outside of class time to work more efficiently. Because we have not been able to run new experiments due to the repair of the apparatus, we are feeling frustrated and are determined to move on with the actual research. The team has been communicating very well; whenever changes are made, we are able to inform one another. An excel sheet organizing our future experiments have been made, and we hope to implement this as soon as the apparatus is fully fixed and ready to run.

