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DESIGN CRITERIA 

The valve should respond to the ambient current and direct the to-be-injected acidified seawater flow to the upstream side of the FOCE frame via soaker hoses.    To expedite a prototype FOCE experiment in open ocean, a fully mechanical design  was initiated.   A vane would turn the outer rotor as it responded to a 10-30 cm/sec ambient current and  appropriately direct flow to 2 adjacent sectors on the frame .   The interior stator has a single grooved  input port arrangement and 8 o’ringed output ports corresponding and leading to the 8 sectors of the frame.  The combination  of machinability, stabile dimensionality, tolerance to low pH fluids, possible high ambient pressures, salt water environment, minimal friction/stiction of the rotor assembly, reasonable sealing of the dynamic seals and good response to ambient currents as parameters  for the valve  required considerable thought, planning and testing to solve.   Overall robustness and  a strong attachment of the vane to the rotor was also required due to the uncertainty of wave action during launch and recovery operations

VANE 

A 1st cut analysis of drag in 10-30 cm/sec seawater pointed to a vane of  about 250 in. sq.  An added requirement of  near zero response to gravity or buoyancy when deployed on a most certainly non-level seabed required the assembly’s Sp. Gravity be a near match to Sea Water.   A majority of the vane was of nearly unbreakable 0.375” polycarbonate, 1.2 Sp.G.   The thicker attachment section was 1” polypropylene, 0.9 Sp.G.  A bit of juggling of areas and the use of nylon screws as fasteners help achieve an only slightly negative assembly weight in S.W.  and reduced dry weight which reduced strains on the bearings.

ROTOR AND STATOR 

Machinability, stability and adverse environment issues resulted in the choice of PEEK as the primary material for the valve component parts.  This choice albeit expensive proved out well in all respects.  The lower individual bearings were chosen to be of Torlon which fit into carefully machined races in the PEEK rotor and stator.  These had to endure radial loads imparted by the vane and   axial loads within the rotor from the pressurized pump driven acidified S.W.   The upper bearing saw only radial loads and was a simple ball bearing assembly made entirely of Zirconium Oxide (ceramic). 

SEALS

This proved the most difficult and time-consuming part of the valve design.  Minimal friction and good fluidic sealing of even less than 10 p.s.i. line pressures are not good design partners.  The presence of low pH fluid was also a design driver.  A custom sized shaft lip seal for low pressure applications made of teflon  was a good choice.  It fit snugly in the rotor and was entirely of teflon without a metal support which would not have held up to the hydrochloric acid S.W. solution.   Careful relieving of the interference portion of the lip against the stator gave a slight leakage rate with minimal friction between the rotor and stator. 

The port seals  were an interesting design of silicon encapsulated with teflon (FEP)  which we hoped would yield a good sliding seal with minimal friction.  In practice this was hard to achieve and several trial configurations of varying  interference fitment to the rotor wall were fabricated before a complete 1st article was completed.  The  teflon worked well to reduce friction but the cold-flow tendency of this material reduced it’s sealing ability with time.   After some full-up system trials in our test tank we settled on a design which had an initial slightly increased compression on the o’rings but compromised our low friction goal.  Reduced leakage was deemed more important than sensitivity to current direction for this initial sea trial.

FOLLOW-ON

Good initial design, excellent machining and close attention to details gave good performance and contributed to the team’s satisfyingly good results for this prototype FOCE experiment’s 1st sea trial.   In the context of front-line oceanography, usable results the first time out are always a reason to smile.  Now that we have met the first hurdles we have more time to work on several improvements.  Among them,  for the valve to make a large step improvement in sensitivity to low ambient currents and  reduce non-directed acidified flow to a minimum we are working on an electro-mechanical design.    Elimination of the seals via use of a vane- driven resolver and solenoid operated valves will accomplish these goals.   

