EXPERIMENT SET 1: VISUAL OBSERVATION OF FLOW PATTERNS

In total, four different inlet manifold models were used.  Each one revealed different observations.

Model No. 1 was a 1-1/2” PVC pipe with fifteen (15) holes, each with holes ~0.4” diameter (total area of 15 holes approx equal to pipe cross-section). 

Observations:  Even at full flow of my highest rate water source (tub faucet in private residence), the flow through each of the outlets was only enough to create a water “crest” of several millimeters.  “Surging” and aerated nature of flow prevented any definitive observations; however, two observations were noted:

1. The 15th hole (farthest from the source) appeared to have higher flow than other outlets; and
2. The flow “spilled over” in the forward direction; i.e., the direction of flow through the pipe.

Model no. 2 was a 3/4” copper pipe.  A smaller model was chosen in hopes that the water flow needed to maintain higher exit velocities (allowing more reliable visual observations) would be only ¼ the flow needed for the 1-1/2” model.

Two observations were noted:

1. The 15th hole (farthest from the source) had a higher flow “jet” than other holes.  However, the flow was not uniformly increasing; some intermediate holes had less than following holes etc.  Closer observation revealed that small hole imperfections (burrs, etc) may have created differences in outlet size or flow near the outlet.

2. There was an obvious and noticeable “forward” flow component to the exiting water; in fact the first hole (closest to the source) appeared to exit at close to a 45 degree angle to vertical, whereas the last hole was nearly vertical, and intermediate holes had angles to vertical that decreased almost uniformly in the direction of flow.

Model no. 3 was a ½” clear PVC pipe.

Noted observations included:

1. Flow was irregular.  Although the latter holes appeared to have somewhat more flow, the patterns were non-uniform and changing and it was hard to be definitive.  Close observation revealed many plastic “burrs” and imperfections appeared to interfere with the uniformity of the holes and exit paths.

2. There was no noticeable “forward” flow component to the exiting water; in fact, the spray directions (though not very uniform) were mostly in the rearward direction.
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The latter observation was determined to likely be a result of the thickness of the tube.  In fact, it was noted that the tube wall thickness was about equal to the hole diameter, such that an angled flow would “strike” the pipe wall along the orifice and “rebound” in the opposite direction.  
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*Cross section of the PVC pipe





Since the pipe wall thickness (relative to pipe overall thickness) for ½ copper tubing is much thinner than ½ PVC tube, we decided to make our fourth model.

Model no. 4 was a ½” diameter copper pipe carefully machined (by shop staff) with burrs removed.  Observations here were as follows:

1. The water exited with a clear forward direction (same direction as travel through the inlet manifold pipe) with decreasing angle to vertical as flow proceeded down the pipe.

2. The flow at the end of the pipe appeared to be at a higher rate than the flow at the source end of the pipe.
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