Notes on the Reverse Flow and Pressurisation of the Hays Flow Restrictor (FR) used on the YE cooling systems.

It has been noticed by the CSC community that the FR when pressurised from the return side during leak tests of the Manifold and CSCs that the diaphragm can be dislodged and as a consequence significantly reduce the impedance that is then not controlled and so can’t fulfill the function of supplying , almost constant flow independent of the Delta P. Ref 3 PSL server p.26
RE Leak Test Kit (LTK)
In the RE system we have introduced the independent check on a sector ( of 20 or 60deg) of chambers using the purge needle union (PNU) that is available on all Manifold valves, this in order to speed up the diagnostics process. This is a change from the CSC method so far used as we do not us the Manifold itself. The purge union can be used both on the supply and return valves. On the supply side there is clearly no harm to be had as the induced flow is in the intended direction. However the use of the return valve will cause flow in the reverse direction to that intended in the FR. Can the same destructive effect be, unintentionally, obtained while using this technique? If the risk is even slight then it can’t be considered a satisfactory tool. If however the technique is foolproof then it can become a very valuable tool for future interventions when subsystems will be opening their circuits and will need to know if on reassembly there are no leaks.
Hays Flow Restrictor Failure

What are the conditions necessary to dislodge the diaphragm? A force is needed sufficient to push the diaphragm from behind its steel circular section circlip, this can be caused by a sufficient flow rate in the wrong direction. It may be possible to destroy the FR if the flow is far too great in the intended direction! This latter case has not been investigated.
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Upon investigation it was observed that there are 2 quite independant steps to failure. Firstly the white spacer that has the radial passages in its front face moves backwards to jam the elastomeric diaphragm up against the circlip. This process is reversible and may not influence to a great extent the flow characteristics since the radial passages are still free and this is more or less the condition during operation. The second and final step to failure is the ejection, that is more or less complete, of the diaphragm from behind the circlip. This would lead to an uncontrolled condition. The conduit would however be unlikely to be obstructed.

Measurements were made on a jig capable of supplying a measured flow rate of 8m^3/hr. The results are in Appendix 1.From these few results it is clear that some value over 5m^3/hr will initiate the steps towards total FR failure. So there are two questions, does the Manifold allow such a flow rate into the FR and does the RE type Leak Test Kit using the Purge Union allow such a flow rate. The first question is somewhat obsolete as it’s seems to have been proved to be the case as CSC colleagues have pointed out. 
RE Leak Test Method

Now for the 2nd question does the RE allow such a flow rate? The RE sector leak tests are done at a pressure of 10 bar to see the leaks more readily. Since TC announced very early on in CMS that 20 bar was the nominal design pressure and all of our cooling system had been tested to 13 bar then 10 bar is a very comfortable figure even if it is far above the operational pressure of 6 bar. We must not have leaks on HV and electronics so better play as safe as possible. This is above the 7 bar used on the Manifold leak tests. To do the tests the pressure regulator on the Argon bottle is set to 10.5 bar and the pressure is allowed to climb to 10.3 + or – 0.1 bar using the ¼ turn valve. Care is required to achieve this result. 

Appendix 3 gives us the some of the reply. The first data set is for the purge union alone and shows we are in trouble. However the set-up has to be taken, without the bottles to the top of the yokes and so approx 20 m of 6-4mm Rilsan pipe has been provided between the regulator and the Leak Test Kit. The data for both purge needle union and the 19.6m of pipe is in the second part of the appendix 3. This shows that we have a small difference between the minimum recorded value to spacer movement, the 1st step towards failure,(5.5m^3/hr) and the max flow rate through the test kit namely 4 m^3/hr. This is not really safe enough. 
Valve opening.

At this point the rate of rise of the pressure through the LTK in the chamber circuit must be looked at in combination with the rapidity with which the valve can be opened. The valve is not normally opened as fast as possible as one is trying to establish a set point for the leak measurement. This can’t be taken as a field operational condition.Given we have the volume of the chamber circuit and we have the maximum steady state flow through the leak test kit we can calculate the rate of pressure rise in the system. The formula for this is;



P(t) = Pmax x (1-e^(t x Q/V))


Where;

P(t) 
pressure at time t





Pmax is the supply Pressure





Q is the steady state max flow at t=0





V is the vol of the circuit
See Appendix 2 for the Calculation. From her it can be seen that the pressure in the system is reached in less than 2 seconds. More importantly 5 bar is reached within 0.2seconds, a time that would be rather quick to fully open the ¼ turn valve, giving a flow of  2m^3/hr which is significantly lower than the lowest recorded value to initiate the first step of the failure sequence. This is the extra protection for the FR. The calculation has also been done for the LTK without the 20m of 4-6mm PA pipe. See Appendix 4.
No measurement of this transient was done as the necessary instrumentation having a sufficient temporal resolution was not available in the few days taken to do these tests.

Where it has been clearly identified that the cooling circuits have been flowed in the reverse direction on RE-3 and RE-1 a total of 8 FR were removed and inspected. None of them were found to have reached the 1st step to failure. This agrees with the experimental observations and calculations.
The flow characteristics with water, in the correct direction of flow after the 1st and 2nd steps in the failure sequence were not looked at.
Discussion
Whether the flow rate or the Delta P across the FR should have been correlated with the failure modes is debatable. The two are related. It should be noted that the flow rate is reduced after the 1st step to failure but that to go on to the diaphragm displacement the pressure on the regulator must be further increased. This value was unfortunately not reliably recorded.

Conclusions.  
From the above notes it is safe to say the LTK used by the RE subsystem is quite safe and satisfactory to do the leak tests on the YE Manifolds and should be considered for future use.

The LTK must therefore be considered in the future as a useful device in the case where a subsystem on the Endcap Yokes has to remove chamber(s) and on reassembly needs to know that their system does not leak. This allows all other circuits to remain full and operational.
A further application would be as a diagnostics tool when we have water on the floor and can’t find the source ! 







Ian Crotty 8 Nov 2007
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Appendices

LTK = Leak Test Kit (built and used by RE)

NPU = Needle Purge union as used in ditto.

RE = Resistive plate Endcap subsystem.

YE = Encap Yoke

FR = Flow Restrictor
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	Flow Rates wrt the Steps to Failure of the Hays Flow Restrictor
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To Move white spacer
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Appendix 2
	Calculated Pressure rise in a 20 deg sector of RE2
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	Appendix3
	
	
	
	
	
	
	
	

	Flow rate measures of the Needle Purge Union used to do Leak Test on CSC/RE Manifold
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	Flow rate measures of the Needle Purge Union with 19.6m of 4-6mm dia PA pipe used for Leak Tests on CSC/RE Manifold
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The Leak Test Kit (LTK)
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The photo shows the Digital Manometer. On the rhs is the ¼ turn valve allowing the 10.5 supply pressure to come through the 20m of 6-4mm PA pipe. The pipe on the left goes to the circuit through the NPU. on the Manifold Valve as shown below on the lower valve.
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Test Rig for high flow measures
Bottle and Flow Meters
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8m^3/hr Rota meter from the PH Gas Group
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Normal Flow Direction





Brass Bodied Hays Flow Restrictor





Circular Section Steel Circlip





Elastomeric Diaphragm





White Spacer with flow channels.
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