Program plan
1. Design of the pump filtration module will continue, based on the module dimensions which we expect to use for the full-scale equipment.  Drawings will be discussed with filter manufacturers and injection-moulding experts and their suggestions incorporated.  

2. Small samples of silicon wafer, with an oxide coating and with and without Parylene coatings and perhaps with a silicon nitride layer, will be immersed for long periods in distilled water, deionised water, tap water, 3.5% NaCl solution, filtered and unfiltered sea water with and without 2 ppm chlorine.  Silicon dioxide (more familiar as sand) is relatively inert and silicon nitride extremely so. We are advised that sodium ions can diffuse through an oxide layer but that the effect is to strengthen it. Parylene is a sealing plastic that can be deposited from vapour and used to reduce nozzle diameter. 
3. We have been warned that piping between the filters and the nozzles will shed debris which will clog the micro-nozzles even if the filtration has been perfect. We can measure the extent of clogging by measuring the trend of the pressure rise across a small group of nozzles fed by various long lengths of pipe of various materials over long a periods.  We can try sealing the pipe walls with Parylene.  An asymptotic limit to pressure rise will show that most of the wall debris has been released.  We can experiment with back-flushing the wafer and will be able to predict how often this will be needed.  
4. A sub-assembly of the blister valve will be built and life-tested.

5. A 200 mm silicon wafer will be patterned with a set of 12 mm squares covering the likely range of nozzle diameters and separations with the pattern of micro-nozzles within in a 5 mm circle. The squares will be tested separately in a housing with high frequency piezo excitation which can make drops much smaller than the nozzle [9]. Filtered salt water will be pumped through them and into a vessel of dry air. We can pressure-test the membranes to check the calculations for stress concentration as a function of nozzle pitch.  The theoretical strength of silicon is very high but recent work by Tom Stevenson shows that it is highly notch sensitive. It may be necessary to add a layer of silicon nitride. 

6. The size and size variation of the evaporation residues will be measured with a Malvern STP 5311 Spraytec analyzer. We can assess the adjustment range of piezo excitation. This allows us to choose nozzle diameter.  We will measure the relationship between pressure and flow. There is also some evidence that very small nozzles do not obey viscosity equations and may benefit from solid-like slip flow with low friction-coefficient walls. 

7. Materials for the combined trash-grid and chlorine generator will be tested for effectiveness, electrical resistance and corrosion life.

8. We will design and build a block of electromagnetic poppet ball-valves which will send or remove oil to or from the control side of the blister valves. This will require CAN-BUS software for a micro-processor to select any combination of valve settings needed for selective back-flushing.

9. The design of the integrated filter block will be checked with a computer fluid-dynamics package, probably CFX, for pressure drop, wall stress and any flow anomalies.
10. Any final design modifications will be made to the drawings.
11. One pump with eight filters will be procured.  
12. The first 200 mm silicon wafer with the chosen nozzle separations will be etched. 

13. The wafer will be assembled in a housing with a piezo- transducer.  Assembly will have to be done in clean room conditions at the Scottish micro-fabrication facility based at Edinburgh University.  

14. The first module will be installed in the Edinburgh University wave tank which holds 350 cubic metres of tap water and which now contains dust and biological material. This will test filtration and back-flushing.  When we can filter and back-flush with fresh water to a level which will not clog the silicon wafer micro-nozzles (about 0.1 micron) we will run the system with sea water from a tank to which the filtered salt water and back-flushed material will be returned for recirculation. The pump and filter block will be run for two months, sending water through a resistance equal to the nozzle bank and will then be inspected for corrosion and debris generation.

15. The effect of amplitude and frequency of ultrasonic excitation on drop diameter will be investigated. Spray from a single wafer will be collected in a 3 metre diameter bag made from layflat polythene tubing which has been cleaned with condensing steam drops, filled from above with warm, dry ultra-filtered air and then injected with a short burst of spray from the micro-nozzles.   Salt residues will be removed for size measurement with the Malvern Spraytec.  We want to identify the conditions that will give a narrow spread of diameters and a low fraction of coalesced drops. The observed pressure drop across a nozzle bank as a function of flow rate will be of particular interest because it will indicate the amount of nozzle clogging.  The effectiveness of ultrasonic excitation and back sucking for clearing clogged nozzles will be investigated. 
16. An anxiety about micro-nozzles concerns what happens if the system is shut down when it still contains salt water and the nozzles dry out.  We do not know how long it will take for the salt to be dissolved away for subsequent spraying. One wafer will be sacrificed for testing this.  It may be necessary to keep the wafers flooded with filtered and desalinated water when not in use.

17. Once we are confident about operation with a single wafer we will design and build a frame to hold housings for six 200 mm wafers.   Twenty wafers will be etched.  

18. Parts for one complete 10kg/sec 0.8 micron spray module and a transport frame compatible with an ISO container will be assembled. 
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	Months into project
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	1.   Completion of initial design
	 
	 
	
	
	
	
	
	
	
	
	

	2.   Silicon in sea water tests
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3.   Pipe wall debris release tests
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4.   Blister valve endurance rig build and use
	
	 
	 
	 
	 
	 
	 
	
	
	
	

	5.   12mm die test at various nozzle pitches
	
	
	 
	 
	
	
	
	
	
	
	

	6.   Piezo experiments for drop size control
	
	
	
	 
	
	
	
	
	
	
	

	7.   Trash grid/cholorine generator test
	
	
	
	 
	
	
	
	
	
	
	

	8.   Back-flush controller hydraulics and electronics
	
	
	
	
	 
	 
	
	
	
	
	

	9.   CFD checks
	
	
	
	
	 
	
	
	
	
	
	

	10.  Final design modifications
	
	
	
	
	
	 
	
	
	
	
	

	11.  Place orders for filters and subcontracts
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	12.  Etch first 200 mm wafer
	
	
	
	
	 
	 
	
	
	
	
	

	13.  Wafer housing 
	
	
	
	
	
	 
	 
	
	
	
	

	14.  Assemble and test filtration
	
	
	
	
	
	
	 
	 
	 
	
	

	15.  Spray through one wafer and collect salt
	
	
	
	
	
	
	
	
	 
	
	

	16.  Dry out test
	
	
	
	
	
	
	
	
	 
	
	

	17.  Six wafer frame and housing
	
	
	
	
	
	
	
	
	 
	 
	

	18.  Final assembly
	
	
	
	
	
	
	
	
	
	
	 


