Inlet Manifold Research Challenges Summer 2010
Summary of Spring 2010 Results

Data collection methods were inadequate. When the ratio of the manifold area to the total area of vena contracta, 
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, was reduced from 1.0 to 0.5, collected data was erratic with many outliers (Figure 1).
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Figure 1. Inlet manifold results with a flow rate of 3.8 L/s (1 gal/min) for values of 
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of 1.0 by drilling  1 row of 2.5 cm holes every 5 cm  in Experiment 1 and 0.5 by drilling  2 rows of 2.5 cm holes every 5 cm on a 3.05 m (10’) long 15.2 cm (6”) PVC pipe. 

Even with the ratio at a value of 1.0, the trend showed decreasing port velocity as distance along the manifold increased as opposed to an increasing trend as predicted by pressure recovery (Figure 2). 
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Figure 2. Inlet manifold results with a flow rate of 3.8 L/s (1 gal/min) for values of 
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of 1.0 by drilling 2.5 cm holes every 5 cm a 3.05 m (10’) long 15.2 cm (6”) PVC pipe.
Challenges
Summarize and collect important articles that would help our understanding of manifold research and how to collect and process data from ADV

Understand what an ADV is, the flow regime we are measuring, and errors associated with the measurement

A good resource for both understanding how an ADV works and troubleshooting appears in Chamson et al. (2008), however, there may be other literature and resources to talk to before we even begin experimentation. For the most part, measurements  for inlet manifold will occur in a turbulent flow. Previous research has shown that ADV signal outputs can be effected by Doppler noise, signal aliasing, turbulent shear, and turbulent velocity fluctuations (Chamson et al., 2008). Chamson et al. (2008) also notes that simple “raw” ADV velocity data should never be used without adequate post-processing. I am not sure that the software package that we currently use handles post-processing effectively or not. 

Calculate anticipated port velocities before running the experiment

Calculations could be performed both to anticipate performance expected with pressure recovery and without. Better understanding and confidence of how accurate an ADV measurement could be (i.e. the anticipated standard deviation or average correlation of signal-to-noise) could also enable us in understanding whether the reading we record is reasonable or if there is something wrong with the data we are collecting. 
Some signal processing advice

· When taking data samples, remove all data samples with average correlation below 60% of the signal-to-noise ratio (SNR) below 5 to 15 dB. 

· The data can be further processed using phase-space thresholding techniques such as WinADV 2.025. 

Solid boundary effects?

Proximity wall effect has been shown to be characterized by a significant drop in average signal correlations especially in small flumes. Perhaps we are experiencing some of these effects? 

Solid objects or dye can improve recording?

It has been shown that there are recurrent problems with ADV signals including low correlations and low signal to noise ratios because of lack of particles in solution. We could mix in dirt and vegetable dye or even milk to perhaps increase the confidence we have in our readings. Adding flocs is perhaps another way we could increase the confidence in our readings.
Understand how to effectively operate the ADV and collect reasonable data
It is not clear how consistent the operation of ADV was in collecting data. In the future, perhaps we should work with a graduate student who is familiar with ADV operation, consult the operational manual in full, and note important parameters of ADV operation such as the distance of the ADV from a manifold port which is currently recommended to be between 16 and 17 cm by the former Inlet Manifold team.  A sample experiment should be run and we should calculate expected velocities come out of the manifold beforehand. Perhaps we should also calculate typical flow distribution that would be expected from the ADV.
How does the flow leave the ADV? 

The group noted that the flow does not leave the ADV perpindiculalry. Perhaps a dye test is necessary with each experiment with subsequent imaging technology to assure us that flow is leaving perpendicularly or we have enough confidence to correct for the direction of flow. 
Improve our understanding of how data varies with respect to location and time

A central challenge is to increase our ability to take replicable experimental data, and understand how velocities of flow in a pipe vary with respect to both distance and time. A sample of how data collected is shown in Figure 3. Improvement in data collection would reflect the actual location of the port with respect to where the ADV is sampling and labeling the distance negative or positive with respect to distance from the center of the port. Another improvement would be to take three measurements at each of the port locations and understand how these measurements vary with time. When the location of flow is located that gives the maximum flow rate, perhaps several measurements could be taken over the course of 5, 10, or even 15 minutes so that we have some statistical understanding of how flow varies over the data set.  
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Figure 3. Sample of mean velocity from a port with respect to distance across jet. The center of the port with respect to distance is assumed to be at 2.5 cm but is unlabeled. 
 Improve data processing capabilities

Perhaps we could write a program that could anticipate the flow conditions expected and then subsequently with data such as average correlation or signal-to-noise ratios we could eliminate bad data and improve our understanding how well the collected data is working. 

Design a way to mount the ADV and easily, accurately shift measuring distances with ADV

I think utilizing a break system with 80/20 with an attached tape measurer or ruler would be most effective. 

Final recommendation: Until, we can get reproducible data from one experiment and have appropriate data analysis capabilities, there is no sense in running any other experiments. The teams’ priority next semester is reproducibility. 
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