Inlet Manifold Challenges for Fall 2010

The overarching goal is to optimize the design of the inlet manifolds that are used to deliver and distribute uniformly the flocculated water into the sedimentation tanks. The requirement that flocs be safely delivered without breakage means that the orifices (or ports) in the manifold pipe need to be large. The large port area (total port area large relative to pipe area) makes it impossible to get a uniform flow distribution from the ports. 
Hydraulic analysis of the manifold flow suggests that pressure recovery as the fluid in the manifold slows down should result in the highest flow coming from the downstream end of the manifold. There is some evidence from Agalteca that this is indeed the case with more flocs rising through the plate settlers at the end of the sedimentation tank near the settled water channel.
Full scale studies of the inlet manifold pipe in the DeFrees Hydraulics laboratory during the spring of 2010 were inconclusive. The first question that needs to be resolved is whether pressure recovery is indeed the dominant mechanisms determining port flow variability in manifolds with large port area/pipe area ratio. If pressure recovery is indeed significant, then we can taper the inlet manifold to reduce pressure recovery.
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The failure of full scale tests in the DeFrees Lab suggests that we should try a different approach. The hydraulics of manifold flow should scale quite easily. We should be able to design a manifold system at a reduced scale that can be studied in a small aquarium.
The first task of this team will be to design an experimental setup that can be used to accurately measure the flow from each of the ports. The scale model should be turbulent for the majority of the manifold pipe. It might be reasonable to reduce the number of ports to as few 5. A goal is to have the pressure recovery term be large compared with the head loss. Both pressure recovery and head loss will be increased if the flow velocity is increased. A higher flow velocity could thus be used to make it easier to measure the pressure changes along the pipe.
We will conduct tests on the uniformity of flow from constant diameter ports with a much smaller hydraulic system (perhaps 1/2" diameter pipe instead of 6") and with much higher flow velocities to make it possible to measure the pressure changes in the manifold pipe using pressure sensors. Preliminary calculations support this experimental approach.
The flow can be controlled with a peristaltic pump or a small centrifugal pump (fewer pulsations). The pressure change in the manifold can be measured with pressure sensors. The flow rates from the ports could be measured directly from the height of the water jets that will be produced if the manifold isn’t submerged. 

Assuming this first test is successful and there is evidence of pressure recovery, then the next step could be to build a tapered manifold to see if that can produce more uniform port flow.
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