DESIGNS AND MODELS

CRUDE MODEL

Design: A crude model (not scaled) was constructed using a copper pipe and an elbow fitting was used to connect it to a faucet. 

Observations: The velocity of the water leaving the ports had a significant horizontal component. This caused the water to exit at an angle, from approximately 45o at Port 1 to roughly vertical at Port 15. 

ORIGINAL SKETCH OF EXPERIMENT

Aim: To investigate the presence of pressure recovery in the inlet manifold. 
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Figure 1. Sketch of Experimental Design

FIRST MODEL: PVC PIPE FED DIRECTLY FROM PUMP
Modifications: The pressure damper setup was omitted because we managed to secure a centrifugal pump

Tests Performed: None

Observations: Flow was going opposite to what we expected, because of the thick pipe walls (ratio of wall thickness to diameter of the manifold was greater than that of a 6” manifold). 
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Figure 2. 0.5” PVC manifold connected directly to centrifugal pump
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Figure 3. Comparison of Wall Thickness to Pipe Diameter Ratio for 0.5” Copper and PVC pipes
SECOND MODEL: COPPER PIPE FED DIRECTLY FROM PUMP

Modifications: We decided to use a 0.5” copper pipe instead of our PVC pipe, which had a wall thickness to diameter ratio that was more similar to that of a 6” manifold
Tests Performed: 
1. We collected the flow from the first and last ports of the pipe. Ports #2,3, 13 and 14 were taped to isolate the flow from ports #1 and 15.

2. The pressure sensor was used to obtain readings of the pressure difference between ports #1 and 15.

Observations: Data from pressure sensor was fluctuating and inconsistent. Also, flow collected was inconsistent.
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Figure 4. Experimental Set Up for 0.5” Copper Manifold
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Figure 5. 0.5” Copper manifold connected directly to centrifugal pump
THIRD MODEL: COPPER PIPE WITH PRESSURE DAMPER
Modifications: A pressure damper was introduced to reduce pulsations from the pump. We hoped this would help us obtain more consistent data from the pressure sensor

Tests Performed: None
Observations: The flow that eventually reached the copper pipe was too low to yield any useful results. We predict that this is because of the head loss associated with the many tubes and connections between the pump and the pipe along with the additional apparatus.

COPPER PIPE WITH FEED TANK

Modifications: A newly constructed feed tank was used to ensure constant head and to reduce number of fittings required. 
Tests Performed: 
1. We collected the flow from ports #1 and 15 of the pipe. 

2. The pressure sensor will be used to obtain readings of the pressure difference between ports #1 and 15.
3. We attached rubber tubing to the ends of the pipe to create a manometer
Observations: 
1. Flow collection tests were more consistent

2. Data from pressure sensor definitely showed evidence of higher pressure at the end of the inlet manifold, but data was still inconsistent

3. The manometer consistently showed a 1cm increase in pressure at the end of the manifold
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Figure 6. 0.5” copper manifold connected to pump via a constant-head feed tank
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Figure 7. Manometer fashioned out of rubber tubing, attached to the start and end of the model manifold, allow direct pressure readings.  Red food color added to improve visualization.
DYE TEST EXPERIMENTS (CLICK HERE FOR VIDEOS)
In order to visualize the flow distribution patterns in a sedimentation tank, we constructed a scaled down model out of acrylic and included plate settlers and launders to simulate the actual flow as much as possible. 
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Figure 8. Submerged manifold pipe at the bottom of a scale model tank

We conducted several dye tests by injecting food dye into the feed tank. Many solutions were tested, and videos documenting each dye test can be found here. A detailed analysis of the pros and cons of each possible solution can be found here. 

The model that yielded the most even distribution of dye was the model we call the “Pink Caterpillar”:
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Figure 9.  Diverters are attached to each port to redirect the flow out either end of the diverter, thus eliminating the horizontal velocity component.
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Figure 10.  Diagram illustrating how the horizontal diverter is attached to the pipe
ENERGY DISSIPATION EXPERIMENTS
The goal of our next set of experiments was to discover whether we could use visual testing or simple digital motion pictures to select nozzle types or shapes that might reduce energy dissipation. Hence, we constructed a model out of a larger, clear PVC pipe that had similar wall thickness to pipe diameter ratio to a 6” PVC pipe. The use of a clear pipe would allow us to visualize the flow pattern within the pipe and determine qualitatively the behavior of the flow at the ports. 

Figure 11 shows the set-up we used. The pipe in air is fed by the same constant head feed tank, but this time the faucet is used in place of the centrifugal pump and the entire experiment took place in the sink. Also, since we were only interested in observing the flow patterns at the ports, we drilled only 3 holes into our new model manifold for simplicity. 
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Figure 11: Experimental Set-up for Energy Dissipation Tests
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Figure 12: Competing nozzle designs (from left): straight nozzle, half-cut nozzle with “baffle” before flow reaches port, half-cut nozzle with “weir” after flow reaches port
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Figure 13: A 1 ½” clear PVC pipe manifold used to evaluate the merits of nozzle options depicted in Figure 12.
In an attempt to improve visualization, small plastic pellets were used as “tracers” in a second series of tests.  
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Figure 14.  Tracer beads test conducted on a clear manifold with nozzles































































