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Abstract 
The inlet manifold team is analyzing the performance of the sedimentation tank inlet manifold.  The AguaClara (AC) inlet manifold is a PVC pipe with evenly-spaced drilled holes which deliver flocculated water along the floor of the sedimentation tank.  In one constructed plant (Agalteca), operators reported excessive rising floc at the end of the tank corresponding with the end of the inlet manifold.  Prior AC researchers have hypothesized that uneven flow patterns, possibly caused by pressure recovery may be the cause.  The team has identified several design issues which will be explored in qualitative experiments.
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Introduction
In order to investigate the issue of rising floc, the team is initially constructing several models to better understand the flow through the manifold.

Two separate hypotheses are under investigation.  A simple prototype design held under a running faucet demonstrated that exit velocities were not perpendicular to the inlet pipe due to the horizontal component of the end-fed pipe
, as predicted from flow vector analysis.  Meanwhile, simplified calculations suggest that pressure recovery may also occur such that flow at the downstream end of the pipe would be approximately 18% higher than the upstream end (this level of imbalance was not observable in the first crude model). See Figure 1, Equation 1.  A refined model was under construction which would allow pressure measurements at each end of the pipe to verify this imbalance.  
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Figure 1.  Theoretical flow rates through each port,
 estimated using the Bernoulli Equation
 (see Appendix)
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(1)
Experimental Design
A 1/12th scale model of an inlet manifold design (based on the existing Agua Clara design tool) has been detailed and is under construction.  Because of the small scale of the model and the physical size of the pressure sensor connections, pressure will initially be measured at either end of the model inlet pipe, rather than at multiple intermediary points; the sensor will measure the differential pressure between these points, which represents the “pressure recovery” factor resulting from the slowing flow-rate between the first and last orifice, respectively, where velocity differences (and thus pressure recovery) are theoretically greatest.  
Figure 2 features a sketch of the preliminary experimental design set up.
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Figure 2.  A preliminary sketch of the experimental design set up for the inlet manifold model, scaled down by a factor of 12.
The rest of the experimental set-up is under development.  Because of the relatively large flow rate needed to run our experiment, combined with the desire for minimum flow pulsations to enhance accuracy in pressure readings, the team will likely switch to a centrifugal pump in order to conduct experiments and this setup will be modified to reflect this change.
Two experiments will be used. In the first, the model manifold will be installed in a free-flow (not submerged) condition in order to directly measure the flow from one or more ports (by collecting the flow into a graduated cylinder) and to visually observe the flow direction. Pressure readings will also be attempted in this arrangement.  Another option is to have the ports on the top of the manifold and measure the height of the streams exiting the port.  Calculations using the Bernoulli equation (Equation 2) and the equation for flow through an orifice (Equation 3) will then be used to compare our measurements with the anticipated pressure changes (from pressure recovery) and resultant flow rates (from pressure recovery plus orifice effects) expected at the two orifice locations
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   (2)



Where:




V = the velocity of the flow passing across the orifice location



g = the acceleration due to gravity (~9.8 m/s2)



P = the total pressure of the fluid at that location




P/( = h = the pressure in “head units” (e.g., cm) at the location
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     (3)
Where:

h = is the head required to create the flow rate through the orifice (from a pressurized pipe to air)
c = constant that varies for different orifice shapes (~ for precise straight-edge orifices; up to ~1.0 for very smooth transitions).
Repeating this experiment with the model pipe submerged will follow.  This second experiment will verify that the submerged condition does not significantly change the pressure differential.
Subsequent models may modify orifice size and location to determine a more balanced design.
Results and Discussion

Crude models (with 1-½” and ¾” diameter pipes, respectively) were constructed and fed with domestic water supplies (bathtub and kitchen faucets, respectively).  These experiments revealed that water leaving the orifices had both vertical and horizontal flow as predicted by vector algebra.
Rough calculations indicated that pressure recovery might account for differing driving pressure across various orifice locations.  These calculations showed that higher velocity at the inlet end resulted in lower static pressure and thus could create non-uniform flow conditions.  Figure 3 shows the results of these estimates.
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Figure 3.  Theoretical pressure measurements across each port, 
using the Hazen-Williams Equation (see Appendix)
A design which provided a vertical discharge head of about 10 cm was suggested to allow accurate measurements of flow differential.  In a true design, in order to limit floc break-up, the total area of all openings is made equivalent to the cross-sectional area of the influent pipe. The actual velocity is also constrained to 0.173 m/s for the same reason. In order to scale down to the size of our model without changing the Re number, the flow rate through our experiment will need to be kept very high. It is suspected that our velocity needs will exceed the capacity of our peristaltic pump (max flow per no. 18 tube is about 380 cm3/min; max tubes pumped at once is four).  For this reason and for more uniform flow, a centrifugal pump is sought.
Future Work
Detailed Task List


1. Build an Inlet Manifold model that is comparable to the actual Agalteca plant, but uses the output from the Design tool of a plant with the following specs:
	Sedimentation Tanks
	2

	Flow, Q
	6 L/s

	Spacing of Ports
	10 cm

	Port Diameter
	38.3 mm

	Manifold Diameter
	6”


From there, our steps include:
a. Design
b. Scale calculations 
c. Purchasing materials
d. Construction
2. Experiments: Measuring the pressure change
a. Pressure sensor

i. 
ii. Measure pressures at the beginning and end of the pipe to investigate the presence of pressure recovery

b. Dye: visual representation of what is actually happening in the inlet manifold

c. Measuring the flow rate and height difference, use Bernoulli’s equation
3. Analyzing the Data/Results (theoretical vs. practical solution)
a. Compare recent data with the theoretical expectations shown through Mathcad
b. Calculations based on fluid mechanic principles
c. Take physical and real-life observations into consideration (practical solution)

4. Conclusion
a. Anticipated existence of pressure recovery causing the inconsistency in velocity
Hypothesis: reducing/eliminating or compensating for pressure recovery
Possible solutions *
1.  Tapered cross-sectional area manifold
2.  Hole spacing
3.  Hole size
4.  Baffles next to ports to reduce horizontal velocity
5.  Open to future ideas...
	Date
	Task
	Who’s going to do it?

	Weekend of September 10th - 12th
	Individually develop detailed design of the model
	All team members

	September 14th
	Finalize design of model with Monroe and amongst our team, determine materials list

	All team members

	September 16th
	Talk to Tim and Paul, order parts of if necessary, get model built (during class time)

	 All team members

	September 21st
	Have model built!
Set up model in laboratory, using Process Controller
	Katie and Steve 10:15 - 11:30
Katie, JuKhuan, and Anna 4:15 - ?

	September 23rd
	Define list of experiments and how to measure things, etc.
	All team members during class time

	By September 24th
	Have Wiki pages created and delegate who will work on what pages
	All team members

	September 28th
	Start running experiments, compiling data
	All Team members, 2:40 -?

	September 30th
	Start considering potential design changes, based on the experimental data acquired
	Class time - all team members 1:25 - 2:40

	By October 1st
	Update the wiki with experimental data and design changes (if prepared)
	All team members

	Week of October 4th
	
Continue collecting data using the various models, analyze data

Focus on determining a solution that could be used to retrofit the Agalteca plant
	All team members

	Week of October 11th
	Begin discussing Teach In and delegating parts of the presentation to each team member
	All team members


* Explore these options through actual tests/experiments.
Team Reflections

Calculations and crude experiments have already suggested both potential limitations to the existing AguaClara inlet manifold design and potential improvements that might improve flow balance and potentially reduce floc breakup.  

For example, if the inlet manifold was center-fed, this would reduce the maximum flow velocity across any orifice by half, reducing the flow imbalance that might occur by pressure recovery by 75%, and simultaneously reducing the energy dissipation to levels below that in the main pipe. This change should significantly reduce floc breakup in this area.  Current design may unintentionally create some areas of energy dissipation higher than previously thought, since current Agua Clara design seems to have ignored the horizontal flow component when determining maximum orifice discharge velocities.
Maximum desired velocities are in the 0.15 m/sec range as shown by Professor Weber-Shirk in prior notes.  Ten States Standards also recommend maximum inlet discharge velocities in this same range (0.5 feet/sec).
Smaller horizontal velocities are inevitable.  However, simple small baffles at the outlets of the pipe, as demonstrated using low-cost pipe “supports” made from spare PVC pipe
 (Figure 4), would further reduce or eliminate horizontal driving forces at the base of the sediment tank that might add a secondary current which reduces settling.
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Figure 4.  Example of baffles at the port to control horizontal velocity.
Some of these effects may be difficult to accurately measure in the laboratory, even as they are easy to view in our crude models.  Quantitative measurements will be important to justify design changes and to ensure optimization of design.  A small three-dimensional model of an entire sediment tank (say, at 1/12th scale) may be useful 
to demonstrate design options, using dye-tests to make the flow variations obvious for explanatory and comparison reasons.  Dye-tests may also be used to test other possible hypothesis regarding sediment tank orientation and design for design optimization purposes.

Appendix

To estimate the anticipated “pressure recovery” effect, we had to solve calculations with multiple unknowns; an approximate solution was generated through use of a spreadsheet.

To begin the calculation, we had to estimate the “starting” pressure of the flow.  This was estimated by assuming first near-uniform flow, then determining the pressure needed to force 1/15th of the flow through the first orifice (since there are 15 orifices in our model).  This head pressure, using the orifice (with estimated c = 0.61) and flows of our example, was approximately 0.35 cm.
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    Assume c = 0.61
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We know that velocity head across each orifice location will reduce the driving pressure, so we assume that a higher pressure is needed to have a resultant average head of about 0.35 cm – we estimate 0.4 cm (and check as we go). Then the pressure in the pipe at each orifice location can be verified by using the formula, derived from Bernoulli’s Law:
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It is easy to see that the pressure P will increase as we the velocity V decreases, so at the last hole we will have the pressure head P approximately equal 0.4 – but less pressure at all upstream locations.

Once we estimate resulting pressures, we can use the same orifice formula again to compute the actual (not assumed equal) flow through each nozzle and calculate the resultant flow – which will indicate higher flow at the end as a result of higher pressure.  If we total the resultant flows, we should get our original (known) flow Q; we can alter the constant in the pressure formula (i.e., use a number other than 0.4) and by trial-and-error correct for this assumption until we get the total Q was need.
We can then use simple iterations to repeat the process using the first-level calculations of flow (instead of assuming constant flow), and find that we quickly converge on a “stable” solution.  Our trials demonstrated rapid convergence and, in fact we note that the two end values change hardly at all (we just get a better second-order curve to our results).
�


�Great job!  You guys have made so much progress already.  You did a good job documenting it here. Try to follow the template more closely. Monroe wants all the reflection reports to look similar (font, headings, etc)  Great job! 97/100


�Nice writing style.  Easy to read.  I think you need to show your readers the governing equations you’ve used (perhaps an example calculation) so that tabulated calcs. can be checked and understood.


�Please bold your hypotheses.


�Sorry, some confusion here.  This is not the Hazen-Williams formula.  H-W is used (among other formulas) to determine friction loss in the pipe as a function of velocity and pipe length; my calculations (and apparently Monroe’s) suggest these losses are much smaller than the “pressure recovery” effect and can be ignored.  The heading should be “...estimated using Bernoulli’s equation”.


�But won’t show pressure recovery.  I’d like to see that get measured.


�As you say, this pressure difference is exactly for this purpose – to see the effect of pressure recovery.  I’ve attempted a re-word to make this clearer.


�Z is constant if the tube is level, but since Q changes between ports, you need to explain how this equation is valid.  As Q drops so does v2.


�I’m not sure I understand LL’s comment, but it seems clear we are not effectively communicating the behavior.  It is hard to do so plus provide the needed details in the word limits allowed!  I’ve tried a few edits to hopefully help, but it is not a simple discussion.


�How will this reveal pressure recovery? RESPONSE: The pressure differential should equal the “pressure recovery” factor, since velocity goes from initial velocity to zero velocity at the end of the tube and this velocity head is “recovered” as “pressure head”.


�Using a clear manifold?  RESPONSE: To visualize the flow in the tube we will indeed require a clear tube.  However, if we want instead to visualize the behavior due to the tube; i.e. the imbalanced flow effects resulting from these pressure effects, we can do so with a solid tube in a submerged tank.


�I’m deleting the class deadlines because they would not be helpful to future students.  This report will be posted on the wiki and used by future students to learn about your team.


�This section is supposed to be for reflections on your team dynamics or overall progress so far, not technical conclusions about possible solutions.  I know the instructions weren’t very clear about this, sorry.  Next time, reflection on your team experience.


��Yes! And it’s awesome!


�A picture of this would be helpful here.


�I think it will be very difficult to get evenly sized holes at this scale. Response:  The “pros” in the shop will likely be much better at this than was demonstrated by our basement model, but you are right that uniform hole size is very important if we want quantifiable results.





