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Aim of Magnet Flushing: Cleaning of Magnets
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	Contaminant recovered after a magnet flushing


Aim of Magnet Flushing: Cleaning of Magnets

· Protection against quench valve degradation

To avoid seat degradation of the quench valves, the maximum size of contaminant must be below 100 to 50 m.

· Migration limitation of possible radio-active contamination

- With time, metallic particles located inside the cold-mass could be radio-activated.

- During quench discharge, these particles can migrate outside the radio-protected areas via the helium circuits (in quench buffers).

Aim of Magnet Flushing: Control of Hydraulic Impedance

During manufacturing:

- Installation of filling pieces can be forgotten

- Dusters can be forgotten in the cold mass

	====>
	By flushing we are able to control the hydraulic impedance of the cold mass and to detect missing of filling pieces or presence of dusters.


Aim of Magnet Flushing: Control of Hydraulic Impedance
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Aim of Magnet Flushing: 
Control of Insulation and Instrumentation

During quench and fast cool-down or warm-up high flow conditions can provoke:

- Electrical insulation degradation

- Instrumentation (probes or wires) tearing off.

	====>
	By flushing we are able to control that electrical insulation, instrumentation and wires can survive high flow conditions


Inventory of Risky Operations

	Operation
	Location
	Risk for

	
	
	Duster
	particle

	Magnet assembly
	Magnet suppliers
	Low
	High

	End cover assembly
	Magnet suppliers
	High
	Low

	Test bench connection
	CERN
	Low
	Low

	Preparation of piping interfaces for tunnel installation
	CERN
	High
	High


When and where Flushing Magnets ?

When:

- After the main assembly process




Before the cold test, if we want to avoid to test a “bad 
    


magnet”.

Before magnet transport-down if we want to avoid to 
install a “bad magnet”.

Where:

At the facilities of magnet suppliers or at CERN (SMI2?)

Remark :
With flushing test at their facilities, the magnet suppliers 
  


are more concerned with the cleanliness.

Equipement for Flushing: Flow Requirement

· Momentum and Reynolds consideration

	Discharge
	m

[kg/s]
	P

[bar]
	T

[K]
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	

[Pa.s]
	m / 

	Quench
	2
	17
	8
	125
	0.032
	4 E-6
	5 E5

	CD & WU
	0.1
	10
	300
	1.6
	0.006
	2 E-5
	5 E3

	N2 Flushing
	0.6
	10
	300
	11.3
	0.032
	2 E-5
	3 E4

	N2 Flushing
	10
	10
	300
	11.3
	8.8
	2 E-5
	5 E5


0.6 kg/s of N2 correspond to 2000 Nm3/h

Remarks:
- N2 flushing does not represent a real quench discharge




- Working at equivalent Reynolds number can create too 
  


high momentum and is not mandatory.

Equipement for Flushing: Flow Requirement (cont’d)

Flushing at 10 bar and 300 K with a flow rate of about 1 kg/s will permit:

- To create a sufficient momentum to simulated quench momentum

- To create sufficient pressure drop inside the cold mass easily measurable (100 to 200 mbar).

Remark:
- The existing flushing station produces mass-flow of 
 


about 3 to 6 kg/s which seem to be to high with respect to 
 


momentum consideration.

Equipement for Flushing: Flow Scheme
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Equipement for Flushing: Pressurisation system

	Solution 1
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	Solution 2
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Conclusions

· Flushing tests are recommended for:

- Checking the cleanliness and/or cleaning the magnet cold-masses.

- Checking the insulation, instrumentation and wire robustness to high flow conditions.

· If possible, flushing tests are preferable before the end cover welding:

Easier recovery of contaminant, but pressure forces have to be looked up.

· Flushing tests at the magnet factory is preferable

· Equipment for producing 1 kg/s of GN2 or Air has to be specified.

Questions and Answers

- What is the cost of this facility?

The total cost is less than 100.000 SF. The facility was built by an Italian firm and some equipment for the flushing test were prepared and installed at CERN.

· Do you know all parameters for writing a specification for building similar equipment?

Yes, we have specified all parameters for the cryogenic plan. However, I cannot imagine which other group could need a similar station.

· Have you found silicon, which is contained in the fiberglass, after the magnet flush test? 

Yes, together with metallic dust. If we want to remove all dust from the magnet, we propose to do the flush test after the cold tests once all tests on the magnets finished. If tests will be made at the industry, the firm must reserve the place for the installation.

· Does it exist a risk of radiation contamination if dust accumulates in the cryogenic plan?


I think that this is only a potential problem. No radiation was recorded in other accelerators. However, it should be interesting to repeat the flush tests, after some quenches in the magnet, to see if new dust is produced. 

· What is the typical dimension of the dust?

Dimensions depend from the material. Generally they are small although we found some pieces of kapton of few cm2.

_1024239666.unknown

_1024239764.unknown

