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Abstract


Our main goal is to build a scaled down inlet manifold to see the existence of pressure recovery in the beginning and the end sections of the manifold. Once this is proven, our next goal is to come up with designs to eliminate pressure recovery from producing unbalanced or circular flow in the sedimentation tank. 

So far we have successfully built multiple correctly scaled down inlet manifolds and we are planning to measure the pressure difference in the manifold using various methods, which includes using pressure sensors, water jet heights and captured flow from the ports.  
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Introduction

The first two weeks we focused on designing the scaled down inlet manifold in order to prove the existence of pressure recovery at the end section of the manifold. We made detailed scaling conversions in order to recreate the dimensions of an inlet manifold for a hypothetical plant using the AguaClara Design Tool.

We built the first model using a PVC pipe. When we connected it to the water sources and ran the experiment we discovered that the water jet direction was the opposite of what we had expected. This was because of the thickness of the pipe. Although we had scaled down the diameter of the manifold, diameter of the ports, spacing between the ports and the length of the manifold, we could not adjust the ratio of the wall thickness to the diameter of the manifold. As Figure 1 demonstrates, the wall was too thick compared to the area of the ports; the water jet did not come out in the expected forward direction but instead hit the thick walls of the port and exited in the reverse direction.
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Figure 
1.  Cross section of the PVC pipe
Experimental Design

After witnessing the potential failure of utilizing PVC pipes, we have built another model with the same dimensions but using a copper pipe. Because copper pipes have thinner walls, we expect the ratio of the thickness of the wall to the area of the pipe to be similar to the actual one that is implemented in the water treatment plants in Honduras. 

In the first experiment, we used the flow directly from the pump and tried to see if there was a difference in the velocity between the first and the last ports of the manifold. We collected water from the ports for 30 seconds and compared the amount of water collected.
Figures 2 and 3 show our experiment in action using the copper pipe. 
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Figure 2.  Flow out of a copper manifold
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Figure 3.  Flow out of a copper manifold, flowing from left to right.  Note the horizontal velocities at the beginning of the manifold (left).


In measuring the pressure difference in the beginning and in the end sections of the pipe, using the pressure sensor, we observed that there is a lot of fluctuation and inconsistency in the data. We believe that this is due to the pulses generated by the pump we initially used. This is a concern because although we can calculate the pressures at each port by capturing water from the first and the last port and also by measuring the height of the water jet from the ports, we wanted the pressure sensor to be the definitive indicator of pressure recovery for accuracy purposes.


To combat this problem, we introduced a pressure damper and a reservoir of water into our experimental set up to attain a constant flow rate. We expected this implementation to reduce the inconsistency in the pressure sensor data analysis. 
Results and Discussion


Using our copper manifold, we ran an experiment to determine if the flow out of the ports was different at different points in the manifold.  We focused on the 1st and 15th ports, anticipating that they would exhibit the biggest difference in flow if pressure recovery exists.  For the ease of flow collection, we sealed off the 2nd, 3rd, 13th and 14th holes.

Table 1 and Figure 4 provide the data collected in this experiment.  It is clear to see that the flow out of the 15th port was consistently greater than the flow out of the 1st port.  It is important to note that trials 4 through 6 
were performed with the tube flipped so that the former 1st port became the 15th port.  The decrease in % difference revealed that our ports may not be as uniformly drilled as hoped.  Our team has since made another more uniform model with the help of the CEE shop staff.

Table 1.  Comparison of flow out of 1st verses 15th port
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Figure 4.  Graphical comparison of flow through the 1st verses 15th port in the copper manifold, pictured in Figures 2 and 3.
	


From the implementations of adding a pressure damper and a reservoir, we observed that the water jet from the ports were not high enough.  This means that although the water flow may be consistent and uniform, the flow rate is not high enough to generate a proper flow rate out of the ports. 

Below are some of the options we are considering to create a higher flow rate: 
1. Eliminate pressure damper and elevate the water tank higher to create higher head and therefore a higher flow rate out of the tank into the manifold. 

2. Eliminate the water tank and implement a larger volume pressure damper, so it can work as both pressure damper as well as a reservoir. We expect this will eliminate some of the head loss from the pipe entrance and exits of each of these apparatus. 

3. Increase the diameter of the pipe from the reservoir to the manifold. 
Future Work

We are still working to create a flow rate that does not pulsate from the pump but has high enough flow so that the flows out of the manifold ports are measurable and collectable. Once we are confident with the stability of the flow into the manifold, our next priority would be to measure the pressure difference using the pressure senor. 

We also made a Mathcad file that can be used to calculate the pressure difference using the velocity we measured from the first experiment we ran. We will be editing and making any necessary changes to make this calculation as accurate as possible.
Another potential next step would be to confirm the existence of pressure recovery through a visual medium. We are working on a new scaled model that is transparent, which means we can use dye tests to see the circular flow in the sedimentation tank as well as the high concentration of dye in the end section of the manifold compared to the front section.
Team Reflections


We are having trouble obtaining the water flow from the pump that is constant and free of pulsations but high enough to produce the water flow rate from the ports.  We have several options that will eliminate this problem but until then, measuring velocity and pressure from the ends of the manifold may be inaccurate. 

We did not experience any team dynamic challenges.  Everyone was actively participating and brought up a number of good suggestions and questions regarding this projec
t. 


�As usual, great report. See my suggestions below. We should meet next week to try and figure out your flow problem (if you haven’t figured it out already).  98/100


�Make sure this is a summary of the report below, not your whole semester’s goals. 


�Yes! I love diagrams!


�Interesting. It looks like all your data varies greatly. You either need more data points or a better experiment al method.


�Great!





