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Subject:	Evaluation of the Alice Cerenkov Radiator liquid Supply System








I met with Martyn Davenport of CERN’s EP division to evaluate the costs and applicability of cloning a radiator supply system in use there for use in the proposed Particle Identification Detector for use in E94-107 in Hall A.  Mr. Davenport has been involved in a several years long project to develop the ideal radiator supply system for the ALICE experiment.  He demonstrated three different prototype systems in operation.  Each of these prototypes was of the approximate scale of what is required for E94-107.  All of the systems were designed primarily to protect the expensive and fragile radiator, but they used different techniques.


The liquid used, C6F14, (trade name 3M 5060 DL) is normally used as a disk drive lubricant and a heat transfer fluid in electrical devices.  The liquid is shipped in drums, but is volatile.  It is easily vaporized so it must be handled in such a way that does not introduce any localized heating, such as electric solenoid valves.  All the valves in contact with this fluid in the CERN systems I viewed were pneumatically operated.  CERN tried several sources for this liquid, but all but the US made 3M fluid was opaque to the Cerenkov light.  The local distributor of this fluid is Chemsolve, Colonial Heights VA, (800-881-2176).  Per Jamie Austin of Chemsolve the price for 5060 DL is $16.15 for a 70-pound pail.  3M advised me that this liquid is in short supply and is only made periodically.  It is important that the liquid be ordered well in advance of when it is needed.  This was confirmed by CERN where they buy large stocks of the liquid when it is available.  At this time Mr. Austin said it is available.  I suggest that if we choose to do this experiment we order the fluid immediately.





Capillary Radiator Supply System





The first system used a supply and return loop of liquid to and from the pump.  A capillary tube from the supply tube reduced the flow rate into the radiator.  Just in front of the radiator a second capillary was teed off the first and went up a few inches higher than the top of the radiator where it joined the return line.  An outlet line from the top of the radiator went to the return line.  This defined the maximum pressure as the head pressure slighter higher than the height of the radiator.  Any pressure transients would be shunted around the radiator and into the recirculation line. This system has the advantage of being very compact.  This could be very important inside the Hall Detector hut, where space is very limited.





Cascade Radiator Supply System





The second system uses what they describe as a cascade system.  Attached is schematic of this system.  For this system a small (approximately 1 liter) tank is placed next to, and slightly above the radiator.  The liquid is pumped from a reservoir to this tank.  A large overflow line shunts excess flow back to the pump.  The height of the overflow line relative to the radiator defines the radiator pressure.  A needle valve in the line from the bottom of the tank to the bottom of the radiator defines the flow rate through the radiator.  In their operation once the flow rate is set by this needle valve, the valve is locked.  Since this system provides a constant head pressure, a fixed valve adequately maintains the flow rate. This system does not have any active flow control devices, but has the advantage of being the safest in terms of protecting the radiator from overpressure.  The radiator is isolated in a separate loop from the pump.  There are some disadvantages though.  Because this is a gravity feed system, the components of the system have to located in a fixed position relative to the radiator.  This system is sensitive to the heights of components and the slopes of lines.   There might be a problem, due the limited space inside the detector hut, placing components with those restrictions.  This system would have to be installed on the spectrometer arm in close proximity to the detector hut.  Another potential problem is the limited number of penetrations into the detector hut.  The CERN system was built in the open where system geometry was defined by what works the best instead of what will fit.  Despite this, they found problems when some of the lines had lumps in them.  A less than perfectly straight tube allowed gas traps to develop that acted as a bubbler.  This caused the pressure to fluctuate as each bubble of liquid passes through the gas trap.  This problem could be difficult in Hall A where the lines will have to snake around much equipment.  If there is there is adequate room, the best solution, from the perspective of trouble-free operation, is that the entire liquid system be contained inside the detector hut.  This creates one operational problem since during the initial filtering operation the filters at CERN were changed every two days.





Programmable Controller Operated Cascade System





While in the initial installation this system was inherently safe, i.e. there was no way to valve off any part of a system being fed gas or liquid and therefore build pressure, it was found to have operational limitations.  After operating they found they were unable to achieve some desirable operating modes, for instance, recirculating the fluid, but having the radiators empty.  Valves were added to the system to allow such modes, but then they discovered by inadvertently closing incorrect valves, conditions could exist that would damage the system.  A third system was proposed, and a prototype system built, to test the concept that uses an industrial programmable controller to collect the inputs from the pressure sensors and to operate the pumps and valves.  This simplified the operation down to several push button modes.  This minimizes the possibility that operator error that could damage the system, but system safety is in the hands of a programmable controller.  I believe this is the best system for use in Hall A.  The additional cost of the programmable controller and the cabling to enable it is justified due to the limited space and limited accessibility to the system during a run.





C6 F14 Filtering





An extensive effort was put into filtering this liquid.  Per Mr. Davenport, the best source of C6F14 was US supplied 3M brand 5060 DL.  The typical application of this fluid is as disk drive lubricant.  The intended applications of this fluid require considerably less purity than what is necessary when it is used as an optical fluid.  Mr. Davenport defined their best efforts to purify the material and what efforts failed.  CERN, like TJNAF, lacks chemical analytical capability.  Their effort at purifying the fluid involved extensive trial and error, with many different filtering techniques.  They then used optical transmission to define whether the method was successful or not.  The evidence suggests that the main contaminant that reduced blocked transmission was entrained air.  The only successful technique was to circulate the fluid through a 13x molecular sieve bed and through a chamber with a nitrogen sweep gas over the top of the liquid.  The transmission in the UV, gradually improved, but took approximately a month to get to get optimum transmission.  There was some evidence that part of the contamination was from material inside the radiator system itself that was gradually washed out by the fluid.  This means a pre-filtering system is of questionable value for the first run.  Of importance to Hall A operations was the fact after extensive efforts to purify the liquid, they had found no way quickly clean the liquid to the level required.  This could be a serious problem if the intended use of this detector is not for long continuous runs.  The filters they settled on are almost identical to the molecular sieve filters used for the Hall B gas Cerenkov detector system.  They do use quite a bit though.  When they initially fill the system they change the filters every few days, where as in Hall B the filters are intended to last years.  There also must be a provision to purge the liquid from the filters before removal and purging gas after installing new filters.  This is to minimize liquid loss and the required introduction of gases and unfiltered liquid.  These filters do require a bake-out under a nitrogen flow before they are used, so a dedicated, but simple nitrogen gas system attached to an oven will also have to be built.  The Physics Department owns one oven large enough to bake these filters.  It is the Despatch oven used to bend fibers for the Hall B calorimeters.  It is currently installed in the Polarized Target Group of room 127 of the EEL building.  It is available for use.  Hall B has a large drum of surplus 13x molecular sieve that could be used.


The Nitrogen used as a purge gas to sweep away contaminants passes over a condenser to trap C6F14 vapors and return them to the system.  This is placed in a vertical run of tubing so the recaptured C6F14 just drips back into the liquid storage tank.


The liquid’s volatility creates several problems.  If a charge of liquid enters a section of the system that had become dry, it would rapidly vaporize, creating a pressure pulse.  This would cause problems with the controls, since it is required to operate a within a very small pressure range.  The solution they believe is to insure that all parts of the system maintain some liquid all the time to prevent over-pressure trips when changing modes of operation.


C6 F14 Moisture and O2 Monitoring


While several of the CERN schematics show on-line monitors of oxygen, there were none in place.  This is consistent with my experience with most fluorocarbons that are incompatible with Oxygen monitors.  They do use a water vapor monitor at the outlet of the nitrogen purge gas after it has gone through the C6 F14 condenser.  This allows them to indirectly measure if the fluid is becoming dry.





Off-line Transmission Measurement


To test the effectiveness of their filtering, the CERN system uses a dedicated spectrophotometer.  We do have a spectrophotometer at J. Lab, so I believe it would be far more cost effective to just build in a sample port and to make the measurements off-line.  This would amount to a saving of at least $10k, but would mean daily accesses during the initial filtering to collect a sample of the fluid.  After the transmission is optimized, the transmission is only measured once per month.





On-Line Transmission Measurement





Franco Garibaldi has requested a simple on-line transmission device similar to the one installed in the Hall B gas Cerenkov detector system as a quality check.  This device does not give full spectrum information.  This device only measures transmission of a single wavelength using a mercury lamp and a pair of photo devices.  Carl Zorn designed and built the original for Hall B.  Carl has agreed to build a system if required.  He estimates it will be approximately $10,000 for the components to build such a system.  That does not include integrating the output of that system into the slow control system for remote reading.


This item was not included in earlier “rough” cost estimates.





Methane Gas System





The methane gas system is fairly straight forward, requiring a regulator and a single channel flow control.  Consistent with the rest of the gas system, and to keep the flammable gas hazard rating as low as possible, a single methane tank can be mounted outside the gas shed.  Any filtering required and flow controls will be inside the gas shed.  Per Howard Fenker, the chamber gas outlet can be fed to the existing Hall A gas vent line.  This means only a two news line from the gas shed to the hut will have to be run.  One for methane and the second for Argon purge gas.                                                                                                   The amount of methane in this detector will not affect the Flammable Gas Hazard rating of the Hall or Detector hut.





On-line 02 and H20 Monitoring and Automatic Purge System for Methane System





Methane typically contains significant amounts of contaminants. Franco Garibaldi has requested an Oxygen and moisture monitor connected to the chamber, which feeds to the slow controls system.  He requested that this system connect to an automatic switch-over to Argon gas in the event either of those parameters exceeds specifications.  This is required to prevent damage to the photocathode.





Methane Filtering


Standard commercial filter systems such as used for the Hall A and C chamber gas systems can be used for the Methane system can be used.  This has the advantage of using off-the-shelf filter cartridges.





Manpower


I intend to have most of the components fabricated by the Jefferson Lab machine shop or local vendors.  I will require approximately 3 months of someone competent in pipe fitting to connect the components and run the tubing.  Additional assistance will also be required in the integration of this system into the slow controls system.  It must also be understood that I have several other projects and I must weave my time between these projects and their deadlines.


I also require a SECURE area in the EEL building to stage components until they are moved to the hall for installation.





APPROXIMATE Timeline


Spring 99-design schematic


Summer 99-begin component design and order long lead time items.


Fall-Winter 99-Fabricate components and order liquid, build off-line filter bake-out gas system, build Argon and Methane gas systems.


Spring 2000-Assemble liquid system components in detector hut.


May 2000 begin circulating fluid through filter and test system, train experiment operators.


September 2000, run experiment E94-107





Approximate Cost


Attached is a cost breakdown from Martyn Davenport for there for their cascade system in Swiss Francs.  This system approximates what we need to reproduce.  It is for a two radiator system and does contain a significant amount for a full spectrum on-line transmission measurement device.  The following is the estimated cost as many of the large expense items I could think of.  I assume no charge for Carl or my labor. 





�
Number required�
Cost $�
total�
�
Rack�
1�
800�
800�
�
Reservoir�
1�
200�
200�
�
Pump - magnetic drive�
1�
2,500�
2,500�
�
Filters w/2 valves each�
6�
600�
3,600�
�
Filter bake out system�
1�
3,000�
3,000�
�
Pressure regulators�
6�
500�
3,000�
�
Pressure sensors�
6�
1,200�
7,200�
�
Chiller, for recovery of C6 F14 from the purge gas stream�
1�
2,000�
2,000�
�
Recovery tank�
1�
2,000�
2,000�
�
Oxygen monitor -for methane system�
1�
3,000�
3,000�
�
Water vapor monitor for methane and recovery tank�
2�
2,000�
4,000�
�
Liquid sump t
