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This procedure will describe the process of cooling down the Hall A HRS spectrometer magnets from 300K to 4K. It can be adapted to cool down as many or as few magnets as are applicable.

Summary


In order to prevent possible damage to the superconducting magnets a differential temperature of less than 100K must be maintained between the warmest part of the magnet to the coldest part (delta T). This does not include the inlet to the magnet because it can be impossible to cool some magnets down if this is included. Using the Hall A heat exchanger the magnets can be cooled down from 300 K to around 100 K. To cool to 80 K a mixing of the gas from the heat exchanger and the 4K gas must take place. At 80 K the heat exchanger is valved off and the 4K system is used by throttling the valves on the individual magnets to control the delta T and the rate of cooldown.

Affected systems


Hall A cryogenic system

List of PPE


Gloves

Safety glasses


Fall protection

Danger zones


Warm return lines


Vent valves


Enclosed areas


High spaces


ladders

Number of people needed


1 to 2

List of materials


Cold gas

Procedure

Setup

Coordination with Cryo is critical before and during cooldown. If there are any questions or major changes that need to be made in the setup call Cryo first.
Controls


 At the beginning of the process the controls are operated locally. As the magnets get cold, control is turned over to Cryo.

Cryo pages


You should set up a Cryo page for each spectrometer and open a GUI for the magnets for that spectrometer on the corresponding page.

You should also open a separate page for the distribution box and run its strip chart on the same page.

Strip charts


Strip charts should be run for each magnet or at least each spectrometer and you should save them unless you enjoy resetting them up when they crash. If you decide later that you want to get rid of it you can always delete it from the saved file. If possible you should chart at lease 3 temperatures, the inlet, the warmest and the coldest.

Magnets

This procedure is done locally. Valves are operated at the crates. Be sure to keep Cryo informed of what you are doing because what we return to them can affect ESR.

Open all lead flow valves

Close all He control valves

Open Q2 and Q3 cold return valves 

Insure that U tube cold return valves are closed and warm returns are open

Open dipole warm return valves

Open Q1 warm return valves

Open bottom fill valve of the warm magnets

Open the top fill valves of cold magnets

Flow gas for 1 hour to insure gas is clean

Close all fill valves

Distribution can

Close distribution can valves CEV75DB07 and CEV75DB08. These are 4K supply valves for the left and right spectrometer and are not used yet.

Close distribution can valves CEV75DB13 and CEV75DB14. These are cold return valves for the left and right spectrometer and are not used yet.

Open distribution can valves CEV75DB28 and CEV75DB29. These are the cool down valves inside the distribution can.

Open the N2 exhaust valve located on the N2 vent manifold.  This is normally off so that we can use this line to have N2 purge.  When it is open there will be little or no N2 to purge with. Be sure to close this valve when you are finished.

Open heat exchanger He valve CEV75DB11.  This is the heat exchanger He bypass valve.  This valve should be full open at the beginning of the cooldown to give as much mass flow as possible

Open heat exchanger N2 inlet valve CEV75DB01.  This valve should remain open as long as the heat exchanger is being used.

Open heat exchanger N2 valve CEV75DB02 this valve should be used with the 11 valve to control the temperature of the He coming out of the heat exchanger (CTP75DB11). Opening this valve gives you more cold, closing the 11 valve gives you more cold but less flow. 

Use the temperature on the outlet of the heat exchanger N2 line as a guide for the 02 valve. You want the temperature of the outlet to be as warm as possible to transfer cold to the He circuit.  The warmer the N2 temperature, the more effective the heat exchanger operation. This will be less possible as things get colder.

The cooldown

300K down

Open bottom fill valve of the first magnet to be cooled

You can control the system delta T from the heat exchanger but the delta T on the individual magnets must be done at the magnets with the JT valves.

Monitor the temperatures of the magnet or magnets to insure that the delta T of the magnet stays below 100K. Keep the bottom fill valve (CEVxxxx16) as open as possible for maximum effect. If the delta T gets too high you can open the upper fill valve (CEVxxxx04) or as a last resort close the lower one. 

Another way to control the delta T is to use some of the flow on another magnet. This greatly complicates things especially when cooling multiple magnets.

When the temperatures approach 100K you will notice a flattening of the curve. After you have closed the 11 valve on the heat exchanger and the N2 outlet is 80 K you have no choice but to begin mixing 4K gas with the gas from the heat exchanger.

Nearly every day Cryo fills the LN2 dewar at CHL. Sometimes theis causes a vapor lock in the N2 system in our heat exchanger this is recognizable by an unexplained warming in the magnet inlets and the heat exchanger outlet. The solution is to close the N2 inlet to the heat exchanger and allow the pressure to build up on the supply side for 2 or 3 minutes. Some times it takes a couple of times to clear.

120K

This transition faze of the cooldown begins with the heat exchanger 28 valve for the left arm open and the 07 valve closed. For the right arm it’s the heat exchanger 29 and 8. 

You use the 28 and 07 valves just like you did the 02 and the 11 on the heat exchanger. Begin by cracking open the 07 valve. There is no temperature readout for this line on the distribution can so you have to look at the ones on the magnets. The goal is still to control the system delta T using the distribution can.

As you can use more cold, open the 07 valve in small increments until it is full open. Then close the 28 valve the same way. When the 28 is closed and the 7 is open you are in 4k mode and can shut down the hear exchanger by closing the valves, don’t forget to close the N2 vent.  Continue to cool the magnets to operating temperatures. I did not say 4 K because many of the magnets do not read back 4 K temperatures even when full of liquid due to placement of the temperature sensors

To 4 K

Once you get to this point the delta T problem should be gone and you can just cool down. The preferred method is to return control of the system to Cryo and let then set up control loops on the valves. This method lets them monitor ESR and not trip turbines. You should monitor the liquid levels and call Cryo when there is liquid in a magnet. The will monitor the cold return temperature and together you will change over from warm return to cold return. .  The Dipoles typically read about 15K, and you have to look at the lower probes locally, to determine if it is making liquid.


Before proceeding with this last step be sure that all heaters and lead flows are working and where you want them.

Q1 is usually done last and is done remotely by Cryo.

Q2 is done from the access platform leading to the detector balcony. Use the valve extension stored behind the fire extinguisher to open the cold return and close the warm return as directed by Cryo.

Q3 is done from the detector balcony. Open the hatch closest to the shield house. Open the cold return and close the warm return as directed by Cryo.

On the dipole Cryo has control of the cold return and we control the warm valve.  The warm return ball valve is located on top of the magnet cryostat, adjacent to the warm return manifold. After Cryo begins opening the cold return close the warm return as directed.

Once all of the magnets are on cold return and are stable filling with liquid can proceed.

Filling liquid level


Cryo takes care of the filling part and it can take hours. During this time the lead flows can be set so long as no one else hooked to ESR has anything on warm return. Look at the pressure gage at the end of the beam line balcony and ensure that the needle is on the blue mark.

Post job briefing

Hazards for the cooldown include the following:

Fall, due to the climbing involved with inspection and monitoring of the valves, etc.

Cryogenic burn, due to the cold gas through the warm return lines.

ODH due to some of the enclosed areas where cryogens may be present


This document is controlled as an on line file.  It may be printed but the print copy is not a controlled document.  It is the user’s responsibility to ensure that the document is the same revision as the current on line file.  This copy was printed on 4/25/2008.

