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Abstract 
Our team’s focus the past two weeks has been on future designs, pressure sensor measurements and preparing for our Teach In presentation.  We performed two additional dye tests, one on a model with tapered spacing and baffles and one on our center fed model.  These experiments helped us move forward in proposing combinations of features for new manifold designs, both for retrofitting and for future plants.  The lab’s electrical issues were resolved and allowed our team to collect pressure sensor data.  This data has challenged us to perform further calculations in determining what pressure differential we expect from the first to last port.
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 Introduction

Our previous work has allowed us to confirm that the existence of pressure recovery and horizontal flow out of the ports results in circular flow patterns in the sedimentation tank.  These flow patterns prevent the sedimentation tank from performing as effectively as desired.  We have hypothesized that implementing baffles will prevent horizontal flow from traveling to the very end of the tank, and instead will cause uniform rise of flocculated water in several smaller partitioned areas of the sedimentation tank (Figure 1).
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Figure 1.  An AutoCAD drawing with baffles partitioning the sedimentation tank into 4 sections.

While baffles counteracted the problem of the horizontal flow, we needed to investigate options to correct the pressure recovery occurring in the manifold.  Previous experiments suggested that tapered spacing of the ports could provide more uniform flow out of the manifold (Figure 2).
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Figure 2.  A comparison of two pipes: the top pipe has slightly tapered spacing of ports (more ports at the beginning than the end), the bottom pipe has even port spacing.

Finally, our team has struggled to use the pressure sensor data acquisition available in the lab but finally discovered that the problem was caused by electrical interference within the lab itself.  With this problem resolved by Monroe and Cameron, we were able to more accurately acquire data to help us analytically prove the existence of pressure recovery.  Prior calculations suggested to us that we should anticipate a difference of approximately one centimeter but data acquired, in addition to fluctuating flow rates, has caused us to re-examine our calculations.

Experimental Design

We performed two dye tests on our scaled-down sedimentation tank to test the effects of baffles, tapered spacing, and our center-fed design.  As seen in Figure 3, the tapered spacing and baffles combined to improve the uniformity of the dye exiting the ports.  Our baffles were not sealed tightly to either the floor of the sedimentation tank or the manifold itself.  We plan to improve the fit of the baffles into our model in order to have a more accurate idea of how they may impede the horizontal flow component.
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Figure 3.  A screen shot of a dye test performed on a manifold with tapered port spacing and 3 inserted baffles.

Our second dye test was performed on our center fed design.  This design feeds the flow into the center of the sedimentation tank and splits the flow between two equally sized pipes.  It is important to note that each half of the manifold had 9 ports, with a total of 18 ports instead of the customary 15 ports.  Figure 4 shows the center fed model and also reveals some of the potential errors with our experimental set up.  Our tubing was not fitting together properly and required pressure from someone’s hand to prevent leaking.  Also, the model sedimentation tank was not level but rather hanging into the sink on the right hand side.  These issues have caused us to question our results but encourage us to formalize our set up and test this model again.
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Figure 4.  A screen shot of a dye test performed on a center fed manifold with 18 ports total, 9 ports per half of the manifold.
Finally, our team used our improved data acquisition capabilities to continue to prove the existence of pressure recovery.  We used Process Controller to collect data as we ran our experiment using our original copper pipe in the set up depicted in Figure 5.
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Figure 5.  A copper pipe with 15 ports uniformly drilled and a pressure sensor measuring the pressure difference between the first and last ports.

After attaining some varying data, we chose to perform a more crude measurement of the pressure difference and removed the pressure sensor, orienting the tubing to rise above the level of the feed tank so that no water would flow out.  We then used this set up to make the two pieces of tubing perform as a monometer.  By measuring the different heights that the water raises in each piece of tubing, we were able to estimate the pressure differential.
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Figure 6.  An example of how to use the tubing as a monometer.

Results and Discussion

Our dye tests indicate that baffles and tapered spacing are promising solutions to the problems of the horizontal velocity component of the flow and pressure recovery, respectively.  The baffles, although they did not perfectly seal off sections of the sedimentation tank, did provide resistance to the horizontal flow.  The baffles provided three “ends” to the sedimentation tank instead of one end where all the dye concentrates and rises up.  We would like to investigate how these baffles may perform if fitted more accurately.  The tapered spacing was very slight, as shown in Figure 2, and made it difficult to know for sure if the flow was more uniform along the manifold.  Future research may include a more dramatic tapered spacing to fully comprehend its effects.

Our pressure sensor data provided insight into the problem of pressure recovery, but also revealed some inconsistencies in what was expected.  We used our pressure sensor on the original experimental set up (Figure 5) and we were able to acquire data, as shown in Figure 7.
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Figure 7.  Data acquired from the pressure sensor measuring the pressure differential along the manifold.

We suspect that our fluctuating data is a result of our fluctuating pump.  Based on previous calculations, we had anticipated a pressure differential of ~1.14 centimeters.  Our initial pressure readings provided exactly this number; however, when we turned our pump off and allowed the system to calibrate, our sensor did not return to zero as hoped.  This points to continued inaccuracy in our pressure sensor readings. 

We also knew that we had to change our calculations to reflect the changing flow rate of our pump.  We performed two tests of measuring the volume of flow for approximately 10 seconds and determined that our pump is working at a flow rate of approximately 4.8 L/min.  Using a simple MathCAD file and Bernoulli’s equation (1) we can see that the expected difference in pressure should be approximately 2 centimeters.
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We then removed the pressure sensor from our system to create a monometer using the tubing.  We encountered some difficulties with our apparatus because the rise of water in the left-hand-side tubing was so low that it barely appeared above our connections.  We were able to get one reading in which we measured a difference of exactly one centimeter (0.6 cm rise on the left, 1.6 cm rise on the right).

Unfortunately, with our measured flow rate and our calculations, we were anticipating a difference of 2 centimeters.  Despite these inaccuracies, our pressure sensor data has always indicated a difference in pressure between the beginning and end of the manifold, thus supporting our original hypothesis of pressure recovery.

Future Work

In light of our work with the pressure sensor, our future work will certainly include further calculations and lab work to reconcile the difference between expected and obtained values for the pressure differential.

Our team plans to compile all of our design ideas into a document and provide a pro and con list for each design.  We would like to contact Dan Smith in Honduras to get his input on what he sees as appropriate designs both for retrofitting and future plants.  As we look into our options, we want to consider implementing a larger diameter manifold in place of our original center-fed design, as both options will decrease the velocity in the manifold but the larger diameter design may be easier to implement.

In terms of laboratory work, we want to consider making improvements to our models to better comprehend the effects of implementing things such as baffles, tapered spacing, etc.  Eventually, we want to choose a design and use a full-scale model (using the existing 6” diameter manifold) to experimentally show its advantage to the current design.

Team Reflections

As a team, we have had a very productive two weeks.  We focused a great deal of time on preparing for our Teach In.  Being forced to verbally communicate what we have been working on was a good exercise and increased everyone’s understanding of the project.  We were able to discuss each other’s slides and provide insight and feedback, working to produce the best presentation we could.

As we move forward in our work in the lab, we are all very excited to have the pressure sensor working.  We also anticipate choosing a design for future plants and modeling this design at full scale.  Our team is working towards an important deadline, with new plants starting construction in the next month, and we are hopeful to provide a design solution that will increase the effectiveness of sedimentation tanks in future AguaClara plants.

