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Abstract 
The past two weeks were spent improving our experimental set-up. We are now able to experiment on both a submerged pipe and a pipe suspended in the air. Repeated flow collection experiments on the latter showed that the flow from the last port is consistently higher than that of the first port, indicating pressure recovery at the last port. Dye tests on the submerged pipe clearly indicate the presence of circular flow in the sedimentation tank. The higher concentration of dye at the end of the manifold proves that the water exits the orifices with a horizontal velocity. Research on solutions to these problems is now underway.
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 Introduction
For the past month, we have been working to prove the presence of pressure recovery in a scaled down model of the inlet manifold. We gained many important insights from the flexibility of conducting experiments on a small model. Most importantly, while testing for pressure recovery, we discovered the presence of a significant horizontal component to the velocities of the water leaving the ports of the manifold. 
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Figure 1. Horizontal velocities of water leaving ports along the model pipe

Our new understanding of the dual contribution to unbalanced and circular flow in the sedimentation tank has led us to a two-pronged approach towards proving our hypotheses of pressure recovery and horizontal driving forces. We are in the process of collecting flow and pressure sensor data from a manifold suspended in air, as well as conducting dye tests on a manifold that is submerged in water. Initial flow collection from the first and last ports of a manifold in air has revealed a consistently higher flow from the last port, but the lack of precision in our flow measurements, and also in our pressure sensor measurements, had suggested that we needed to modify our experimental set-up. 

Experimental Design
We decided to build a new feed tank from acrylic, with an overflow weir to maintain a constant head over the model pipe. This feed tank directs the flow from the pump to our model pipe using minimal fittings, reducing the amount of head loss and thus increasing the flows out of the ports to a measureable and collectable level. In addition, this feed tank is also expected to dampen the slight pulsations that may be present in the flow from the centrifugal pump, and thus reduce the fluctuation in our pressure sensor data.

This feed tank is also designed to be easily transferable from our original set-up of a model pipe in air (Figure 2), to a new model of the sedimentation tank for a model of the pipe in water (Figure 3). This allows us to switch between the two conditions and conduct different experiments easily. 
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Figure 3. Experimental set-up for submerged pibe





With these modifications, we conducted flow collection experiments again. In 10 seconds, the flow leaving the first and last ports were collected in graduated cylinders and measured. If the flow collected at the last port was more than that of the first port, it would be a strong indication of pressure recovery occurring at the end of the manifold. We also conducted dye tests on the submerged pipe in the model of the sedimentation tank. This allowed us to visualize the circular flow that we predicted would occur in the sedimentation tank.
Having obtained support for both of our hypotheses, our search for possible solutions has begun. Our experimental set-ups were all designed to consist of easily replaceable parts. This gives us the option to experiment with different solutions to the predicted circular flow that would hinder the creation of a floc blanket. 

To begin with, we added acrylic baffles under the inlet manifold as seen in Figure 4 below and ran a dye test to do a preliminary investigation of how effective the baffles will be in evening out the flow along the model pipe.
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Results and Discussion

Initial dye tests have shown strong evidence of a circular flow in our model of the sedimentation tank. In Figure 4 and 5 below, the dye can be observed to be concentrated at the end of the pipe. This suggests that it is highly likely that the water leaving the ports has a strong horizontal velocity in the direction of the inflow, and even possibly that there could also be more flow at the last port compared to the first port due to pressure recovery. Although we have not quantified the results from the dye test, this initial visual data provides strong support for our hypothesis of horizontal leaving velocities. 

The dye test was repeated for a pipe that had baffles loosely installed underneath it. This preliminary testing of our first proposed solution to the circular flow caused by the horizontal leaving velocities showed that the baffles would indeed help to distribute the flow much better. This can be seen from a comparison of Figure 7 to Figure 6. However, we will need to repeat the dye test with a better constructed model of a pipe with baffles in order to do a better analysis.
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Figure 5. Screenshot of a dye test on our first model 

(Video URL: http://www.youtube.com/watch?v=46ui1KBro3U)
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Figure 6. Screenshot of a dye test on our second model 

(Video URL: http://www.youtube.com/watch?v=I3dmUofYeuc)
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Figure 7. Screenshot of a dye test on our second model, with baffles installed 

(Video URL: http://www.youtube.com/watch?v=qd0OhYshVYA)

In addition to the dye tests, our team also repeated our flow collection measurements with the set up of the pipe in air, in order to compare the flow leaving the first and last ports. Table 1 and Figure 8 present our results:

Table 1. Comparison of flow out of 1st verses 15th port
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Figure 8. Graphical comparison of flow through the 1st verses 15th port in the copper manifold, using a constant head tank to feed the water.
For all three times that we repeated the experiment, we observed higher flow in the last port compared to the first port. This is strong indication that pressure recovery is indeed occurring in our model of the inlet manifold, hence proving our hypothesis. 

Future Work

Since we have strong evidence of pressure recovery in the inlet manifold and circular flow in the sedimentation tank, our next step is to begin designing possible solutions. In the process, we will keep in mind that these solutions have to be subject to considerations of cost and constructability. 

Over the next two weeks, we will also be designing experiments to test the effectiveness of our proposed solutions. We have already begun testing a crude model of a baffled pipe and it has proven promising. 

Meanwhile, we are still working on obtaining consistent readings from our pressure sensor in order to further support our hypothesis of pressure recovery. 

We will also be working on further improving our Wiki page, by reducing the amount of overlapping information, updating it with new findings and revising our hypotheses.

Team Reflections

After Fall Break, the team worked hard to document our progress on the Wiki. Everyone had an active role to play in updating the Wiki, and the combined effort resulted in an Inlet Manifold page that was much better organized than before. It was a good exercise to take a step back and review everything that we have done thus far in the semester. Also, it was good for the new members in the team to get some practice updating the Wiki. However, one problem that we encountered is that information on the pages ended up overlapping because everyone was so eager to do a good job on their page, and some included more information that was necessary for their specific section. 

Regarding our work in the lab, we ran into a lot of difficulty trying obtaining data from the pressure sensor. As much as we wanted to complement our flow collection data with readings of the pressure difference between the first and last ports, there was too much noise being registered on our pressure sensor for us to obtain any meaningful data. We have consulted Monroe about this problem, and he discovered that all the pressure sensors in the lab were registering unusually large fluctuations, indicating that there could be a problem with the power box that supplied power to all the pressure sensors in the lab.  Because we are only anticipating a pressure difference of 1 centimeter between the beginning and end of the pipe, these large fluctuations make precise readings for our team difficult to obtain.
