Research of Potential Design Options
Our initial experimentation proved our two hypotheses to hold true: the sedimentation tank performance suffers as a result of pressure recovery along the manifold and a horizontal component of the flow out of each port that results in circular flow.

To combat these two issues, our team developed and tested multiple design options and evaluated them as potential redesigns for future plants and retrofits for existing plants.
The Caterpillar
---------------------------------------------------------------------
Components of Model:
· Copper manifold with even spacing of ports

· Small diameter tube attached at each port to split and redirect the flow

· Diagram: 
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Link to YouTube videos of dye tests:

http://www.youtube.com/watch?v=GzXm6bb1OAw
	Advantages and Disadvantages of the Model:

	Cost
	The PVC piping required  is relatively inexpensive 

	Constructability
	 Challenges would be cutting the pipes and using solvent cement to attach

	Energy Dissipation Rate
	 Unknown; research required

	Horizontal Velocity Component
	Straightens the flow and provides uniform rise within the sed tank

	Pressure Recovery
	The design does not have any components that specifically seek to counteract pressure recovery but we have hypothesized that the head loss along the manifold may be dominated by the head loss out of each port, making pressure recovery insignificant.


Results:

This model provided us with our best results to date.  As you can see in the video, the rise of the water was uniform through the plate settlers.  Interestingly, the dye rose faster at the beginning of the manifold than at the end (the opposite of our usual problem) but we know this is just because the dye reached the beginning first.  Using this model, we had saw no indication of circular flow in the sedimentation tank and no dead space in the tank.  We believe that this model shows promise for both retrofitting and redesigning future plants.

The Tee Design

---------------------------------------------------------------------
Components of Model:
· A manifold with PVC tee fittings at each port to redirect the flow out either end of the tee

· Diagram:[image: image1.png]FrontView Shape of the pipe
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A sample “tee” fitting.  Extra length can be added to the tee using PVC piping of a slightly smaller diameter.  This length will ensure straightening of the flow out of either end of the tee.

	Advantages and Disadvantages of the Model:

	Cost
	The cost of PVC tee fittings could be somewhat expensive 

	Constructability
	 Using mass-produced tee fittings would provide uniformity within the model; however, the matter of sealing the tee’s to the manifold may prove difficult.

	Energy Dissipation Rate
	 Unknown; research required

	Horizontal Velocity Component
	Straightens the flow and provides uniform rise within the sed tank

	Pressure Recovery
	The design does not have any components that specifically seek to counteract pressure recovery but we have hypothesized that the head loss along the manifold may be dominated by the head loss out of each port, making pressure recovery insignificant.


The Baffle within the Manifold Design

---------------------------------------------------------------------
Components of Model:
· A clear, 1” manifold with 3 ports and 3 different orientations:

· Straight jets

· Jets that have a baffle-top that impede the flow at the front of the port

· Jets that have a baffle-top that impede the flow at the back of the port
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Link to YouTube videos of dye tests:

http://www.youtube.com/watch?v=y9NPn3_yaMM
http://www.youtube.com/watch?v=DTjnoJ9yDM0
http://www.youtube.com/watch?v=P0DA4piDMsU
http://www.youtube.com/watch?v=weXMtvUyCxI
http://www.youtube.com/watch?v=13PhqGxKlpg
http://www.youtube.com/watch?v=UPeMwTjKlfI
http://www.youtube.com/watch?v=jOFVlFER3nk
	Advantages and Disadvantages of the Model:

	Cost
	The PVC piping required  is relatively inexpensive 

	Constructability
	 Challenges would be cutting the pipes and using solvent cement to attach

	Energy Dissipation Rate
	 Our research indicated that the baffles within the pipe may result in floc break up, however more research would be required if this design were to be implemented.

	Horizontal Velocity Component
	The jets straighten the flow coming out of each port

	Pressure Recovery
	The design does not have any components that specifically seek to counteract pressure recovery but we have hypothesized that the head loss along the manifold may be dominated by the head loss out of each port, making pressure recovery insignificant.


Results:

The results of our experiments with this design were somewhat inconclusive.

While not definitive, these results did not suggest that a nozzle protruding into the flow path would be a promising solution to reducing energy gradients at the outlets.  Additionally, while our flow tests were inconclusive, the simpler method of orifice tapering seems preferable to eliminating pressure recovery concerns as it is essentially no-cost and not flow-dependent.

We used both dye tests and a test using small beads as media to flow through the manifold.  The dye used in the dye tests was too diffusive to be able to observe.  Observation of the small beaded media led us to believe that the baffles do not provide any benefit to pressure recovery.  While these nozzles certainly straightened the flow, the horizontal flow is corrected by the jet out of the manifold and not really aided by the extension of the nozzle into the manifold pipe or the shape of the nozzle end. 
Dr. Flex’s Sleeves

---------------------------------------------------------------------
Components of Model:
· Copper manifold with even spacing of ports

· Flexible tubing used to create a “sleeve” meant to act as a baffle for each port on the manifold

· Slits on each side to allow flow to escape

· Sleeves/baffles could provide support for the manifold within the sedimentation tank

· Diagram:
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Sleeves on each port of the manifold
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A single “sleeve”

Link to YouTube videos of dye tests:
http://www.youtube.com/user/happywaterdroplet#p/u/2/9OFKuNdHF8g
http://www.youtube.com/user/happywaterdroplet#p/u/1/C58hNnYqxIE
	Advantages and Disadvantages of the Model:

	Cost
	 The PVC piping required
  is relatively inexpensive 

	Constructability
	 Challenges would be cutting the pipes to allow the manifold to rest on top and using solvent cement to attach; consideration of how it would fit into the “V” of the bottom of the sed tank

	Energy Dissipation Rate
	 Unknown but the amount of space around the port would indicate that the baffling would not cause breakup of the floc

	Horizontal Velocity Component
	 Baffles should stop the horizontal velocity and split the flow out of each slit, allowing for uniform rise of water

	Pressure Recovery
	This model does not address pressure recovery


Results: 
This model did not perform as well as we had hoped.  Our dye appeared to rise somewhat uniformly through the plate settlers but was immediately pushed to the end of the sedimentation tank.  By the end of our dye test, there appeared to be a large dead space above the plate settlers at the beginning of the manifold.  This occurred in both experiments. 
[image: image4.png]Dead Space
_

Screen Shot of the Dye Test on Dr. Flex's Sleeves




Center Fed Manifold

---------------------------------------------------------------------
Components of Model:
· Copper manifold, fed from the center of the manifold with 9 ports evenly spaced on either side of the feed

· Goal is to halve the flow, thus halving the velocity and reducing the pressure differential along the manifold by ¼
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Reconfigured Center Fed Design

Diagram:





Link to YouTube videos of dye tests:

http://www.youtube.com/user/happywaterdroplet#p/u/6/T3kD9CgT9zc http://www.youtube.com/user/happywaterdroplet#p/u/4/IXbv20a5MKw
http://www.youtube.com/user/happywaterdroplet#p/u/3/q0___MNd2Fo
	Advantages and Disadvantages of the Model:

	Cost
	 Added cost of piping

	Constructability
	Center fed as shown in the first picture would require serious redesigning of the AguaClara sedimentation tank.  The reconfigured design would allow for retrofitting of old plants and would also reduce the amount of redesign required for new plants.

However, it is still only a factor of two solution by itself.

	Energy Dissipation Rate
	 The decreased velocity should only decrease the potential for flock breakup

	Horizontal Velocity Component
	Horizontal velocity may still exist

	Pressure Recovery
	See calculations below
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Results:

The horizontal velocity component did not seem to have reduced significantly, as can be seen in the screen shot below. There was higher concentration of dye at the two ends, and the circular flow was still very evident. 
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Screen Shots of the Dye Test on the Reconfigured Center Fed Pipe
Tapered Spacing and Baffles

---------------------------------------------------------------------
Components of Model:
· Copper manifold with tapered spacing of ports
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Comparison of untapered (bottom) and tapered (top) spacing of ports along two manifolds
· Four plastic baffles attached to the manifold to impede the horizontal flow and create uniform flow within smaller sections of the sed tank
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Link to YouTube videos of dye tests:
http://www.youtube.com/user/happywaterdroplet#p/u/6/eEqqiXaGaMA
	Advantages and Disadvantages of the Model:

	Cost
	This design is affordable. No new equipment will be required in terms of tapering the port spacing since the port sizes remain the same. Baffles can be constructed from bricks, which are inexpensive.

	Constructability
	Baffles can be easily constructed from stacked bricks. The baffles can also serve as support for the manifold.

	Energy Dissipation Rate
	 Unknown but the amount of space around the port would indicate that the baffling is unlikely to breakup of the floc

	Horizontal Velocity Component
	The baffles should be able to redirect the horizontal flow upwards instead of forwards.

	Pressure Recovery
	Pressure recovery should be reduced with more ports in the beginning than at the end of the pipe
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Increasing the Diameter of the Pipe

---------------------------------------------------------------------
A potential solution

· To reduce the velocity in the pipe

· Yet to conduct any experiments 

· This should be coupled other solutions, since there is a limit on the size that can be accommodated by existing sedimentation tanks. 

	Advantages and Disadvantages of the Solution:

	Cost
	For retrofitting, an elbow that tapers from the pipes in the plant to the larger diameter manifold pipe will be required. This can be expensive but probably still affordable.

	Constructability
	Easy to retrofit

Allows flexibility in scaling up or down

	Energy Dissipation Rate
	The decreased velocity should only decrease the potential for flock breakup

	Horizontal Velocity Component
	Horizontal velocity will still exist

	Pressure Recovery
	This solution does not address pressure recovery, but reduced velocity should decrease the pressure recovery effect


· Results:

· Our team has not had the opportunity to examine this design option.  In January 2011, two members of our team will travel to Honduras and will be a part of implementing retrofits to Agalteca and Marcala.  At Agalteca, we hope to have the opportunity to install an 8” manifold and compare its performance to that of a 6” manifold.






�Sorry I’m a little confused! If this design were to be applied, would it be in the form of a straight pipe coming out of each hole? Or, will it look exactly like Steve’s Sleeves?





