Hypotheses 
The inlet manifold team is analyzing the performance of the sedimentation tank inlet manifold.  The Agua Clara (AC) inlet manifold is a PVC pipe with evenly-spaced drilled holes which delivers flocculated water along the floor of the sedimentation tank.  At one constructed plant (Agalteca), operators reported excessive rising floc at the downstream end of the sedimentation tank.  Sedimentation is particularly important in the AC design, since it is the only floc removal process (no post-sedimentation filtration is included). Prior AC researchers hypothesized that uneven flow patterns caused by pressure recovery may be the cause. 

First Hypothesis

From the simple prototype design held under a running faucet, we discovered that the exit velocities from each port were not perpendicular to the inlet pipe. We speculate that this is due to the horizontal component of the end-fed pipe (flow vector analysis). We hypothesize that the flow through the orifice will have two perpendicular velocity components, one perpendicular to the pipe direction, caused by the differential pressure between the inside of the pipe and the outside, and the other parallel to the pipe direction, caused by the flow velocity inside the pipe.  These two velocity elements should combine to form a velocity vector that will vary from port-to-port due to the changing pressure and flow conditions. This horizontal velocity could be the source of circular flow that occurs in the sedimentation tank. This circular flow is not desirable since it may interfere with flocs settling.
Second Hypothesis

Simplified calculation using Bernoulli’s Equation suggests that pressure recovery may occur such that flow at the downstream end of the pipe would be approximately 18% higher than the upstream end. 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, using the Bernoulli’s equation
 

To begin the calculation for the existence of pressure recovery, 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.
[image: image2.jpg]



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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From this equation we can 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 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).
Here is the result of the calculation explained above
Table 1. Calculated flow rate through ports in a manifold

	Port #:
	1
	2
	3
	4
	5
	6
	7
	8

	Flow (cm3/s)
	174.40
	179.80
	184.90
	189.50
	193.80
	197.70
	201.20
	204.30

	Port #:
	9
	10
	11
	12
	13
	14
	15
	

	Flow (cm3/s)
	207.00
	209.30
	211.10
	212.60
	213.70
	214.30
	214.50
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Third Hypothesis
When we connected the first PVC pipe model to the water sources and ran the experiment we discovered that the water jet direction was the opposite of what we had expected. We hypothesize that this was because of the thickness of this particular 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. Because the wall was too thick compared to the area of the manifold, the water jet did not come out in the expected forward direction but instead was hitting the thick walls of the port exit and reversing direction.
If this is our hypothesis regarding the thickness of the wall turns out to be correct, for an accurate measurement of the height of the jet from the port, which we need for the calculation of the pressure using Bernoulli’s equation, we will need to change to thinner wall pipe. 
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Figure. 2 A cross-sectional view of a PVC (thick wall) inlet manifold that shows the affect on the direction
of water jet due to the thickness wall.




