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Abstract 

The three CMS gas systems for DT, CSC and RPC are built according to uniform and modular designs. The engineering layouts of the gas system modules like mixers, purifiers or gas distribution units are described in this document. The TOTEM experiment installed at point 5, will need two smaller, vented gas systems that are partly taken into account. 

Introduction

The detector gas systems for the four experiments at the LHC were designed according to uniform and standard layouts. The future gas systems will break up in functional, scalable modules like mixers purifiers, distribution units, etc.  simplifying the layouts and the long-term maintainability.  

This note gives precise details of how to built  the functional modules and what are their individual configurations for all CMS gas systems. 

Primary Gas Supplies

The primary gas supplies are located in the SGX building.  The gases are supplied from Dewars, batteries, or individual gas cylinders using CERN standard supply panels
. They allow to switch automatically from the service batch to a reserve batch when the supply unit in service is empty.  To monitor effectively the  status of the supplies, all primary gas flows are measured using mass-flow-meters.  The expected gas consumption  and  operating autonomy is listed in Table 1. A standard gas analysis can be carried out on each new batch installed.  

Table 1 Expected consumption and autonomy of the primary gas units.

	Gas
	Expected Run Flow

[Nm3/h]
	Expected

max. Flow

[Nm3/h]
	Containment
	Estimated operating time

at Run conditions

	
	
	
	Main Supply
	Reserve
	Main Supply
	Reserve

	N2
	2 - 20
	50
	Dewar 10'000 ltr. Liquid
	double battery
	11 days
	> 12 hours

	Ar
	2 - 4
	20
	Dewar 5'000 ltr. Liquid
	double battery
	32 - 74 days
	> 2.5 days

	CO2
	1.5 - 3
	8
	Dewar 2'000 ltr. Liquid
	double battery
	17 - 34 days
	5 - 10 days

	CF4
	0.06 - 0.10
	0.7
	4 cylinders 50 ltr.
	4 cylinders 50 ltr.
	15 - 24 days
	15 - 24 days

	C2H2F4
	0.1 - 0.2
	1 - 2
	4 cylinders 50 ltr.
	4 cylinders 50 ltr.
	12 - 24 days
	12 - 24 days

	iC4H10
	< 0.01
	< 0.1
	1 cylinder 50 ltr.
	1 cylinder 50 ltr.
	> 50 days
	> 50 days

	SF6
	< 0.005
	0.01 - 0.02
	1 cylinder 50 ltr.
	1 cylinder 50 ltr.
	> 50 days
	> 50 days

	Ar/H2
	< 0.01
	< 1
	4 cylinders 50 ltr.
	4 cylinders 50 ltr.
	> 30 days
	> 30 days
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Figure 1 Overview of a typical gas circuit indicating the location of the functional modules.

Closed Loop Circulation

All three CMS muon gas systems will need closed loop gas circulation  because of the large detector sizes.

The gas system design philosophy and the basic layouts were described
 and tested
 previously.  This report lists updated gas system parameters (see Table 2) and defines in more detail the hardware configurations for the gas system modules. 

 A typical detector gas circuit is shown in Figure 1, it consists of modules that are housed in standard gas racks that perform the basic functions of:

1. Supply ( can be shared by more than one sub-system)

2. Mixing

3. Distribution

4. Re-Compression

5. Purification (optional)

6. Recovery (only in case of strong economical or environmental interest)

7. Gas Analysis (can be shared by more than one sub-system)

It is of course highly desirable, that the modules are conform as close as possible to a standard hardware layout and a standard control program.  This uniformity is straightforward to achieve for the modules further away from the detector, as for instance the mixing, re-compression and purification modules.  The distribution units in the USC15 and UX55 are based on very common component choices, even though the detailed layouts are distinct by different modularity and a few specific requirements of individual detectors.

Table 2 Main gas parameters. The three CMS systems have closed loop circulation, the two  systems of TOTEM can be single pass. 

	System
	Gas Mixture
	Chamber Pressure
	Volume [m3]
	Time / Vol. Change
	No. of Chambers
	No. of Gas Channels
	Impurity Limits

[ppm]

	CMS
	DT
	Ar - CO2                                 (80 - 20)
	1000 mbar

(absolute)
	250
	20
	250
	250
	O2<500

	
	CSC
	Ar - CO2 - CF4
(40 - 50 - 10)
	1-2 mbar
	65.7
	10
	540
	162
	O2<100

H2O<1000

N2<3000

	
	RPC
	C2H2F4 - i-C4H10
(96.5 - 3.5)
	0.5 - 3 mbar
	14
	avarage

4.6
	420 Barrel

756 Forw.
	240 Barrel

288 Forw.
	O2<1000

H2O<1000

N2<1%

	TOTEM
	CSC
	Ar - CO2 - CF4
(40 - 50 - 10)
	~ 1 mbar
	0.4
	6
	80
	40
	O2<1000

N2<3000

	
	RPC
	C2H2F4 - i-C4H10
(96.5 - 3.5)
	~ 1 mbar
	0.06
	6
	32
	8
	O2 < 1%

H2O < 1%
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Figure 2 Floorplan of the Mixer and the adjacent Control Room indicating the positions of the system gas racks. The primary gases are supplied from panels on the walls near by each system. The pipes from and to the underground are mounted under the roof in the center of the room.

The SG5 Installation

The mixing room in the surface gas building has a size of 10 x 15.4 m, the room is ventilated, air conditioned and equipped with flammable gas detectors on the air extraction outlets.   Because of the presence of the primary flammable gases, the room is to be classified as a hazardous area “Zone II” 
, and the equipment inside must conform to the European Standard for explosion protection in this Zone.   A floorplan indicating the rack positions is shown in Figure 2.  Each of the CMS re-circulating gas systems needs at least three separated gas racks accommodating the mixer and purifier modules as well as some components of the closed loop circuits.  Buffer volumes necessary for the atmospheric pressure systems can be  placed adjacent to the racks; for the CSC system an optional recovery station can be added  too.  

The two single pass  gas systems for TOTEM  get on with  one or two racks only. The standard front panels of the  racks are shown in  Figure 3. Two  analysis  racks are placed  in the center of the mixing room allowing to use  common analysis  instruments for gas samples from all  primary gases and  from all mixtures.

[image: image3.wmf]
Figure 3 Front panels for  the gas racks in the SG building. In order there is: Mixer,  Circulation Loop and Purifier rack.

[image: image4.wmf]
Figure 4  Component layout of the mixer module.
Mixer Modules

The mixer of large closed loop circulation system must be able:

· To provide the correct gas mixtures at variable or constant flow rates for closed loop running.

· The mixture regulation must be able to follow a variable fresh gas flow. 

· To fill the detector with the required gas mixture at 10 to 20 higher flow rates than the closed loop replenishing flows.

The primary gases are mixed in the appropriate proportions using digital mass-flow-controllers (mfc) using the so called blending mode: the majority gas component flows freely through the mfc, the flowrate measured by the flow meter is transmitted to the mfc’s  of the second and third component gases, they regulate their flows so that the desired concentrations are reached. The control program in the process control computer can of course handle other running modes as for example a constant flow supply.

The expected mixer flow rates for closed loop running and filling are shown in Table 3. The dynamic flow range of a mixer is mainly defined by the calibration settings of the MFC’s, as a rule of thumb one can advocate to choose the full scale range  equal to 2.5 times the expected nominal flow. Nonetheless, two sets of  MFC’s  are required  to change from the running flows to the 10 or 20 times larger fill flows.   

Downstream from the mass-flow-controllers one supply line allows to inject gas at constant rate using a Rotameter (#10 in Figure 4); a parallel line, that can be open at the same time, allows to inject extra gas if the closed loop gas pressure is below a defined threshold. In this way, the fresh gas rate can be  reasonably low most of the time, and be increased in case of rising atmospheric pressure.  

Table 3  Nominal Mixer gas flows for closed loop running and filling.

	System
	Total
	Component 1
	Component 2
	Component 3

	
	Fresh Gas Flow  m3/h
	Fill or Purge 

Flow [m3/h]
	Gas
	Closed Loop 

Run Flow [m3/h]
	Fill or Purge 

Flow [m3/h]
	Gas
	Closed Loop 

Run Flow [m3/h]
	Fill or Purge 

Flow [m3/h]
	Gas
	Closed Loop 

Run Flow [m3/h]
	Fill or Purge 

Flow [m3/h]

	DT
	2.1
	21
	Ar
	1.77
	17.7
	CO2
	0.31
	3.1
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	CSC
	0.33
	6.7
	Ar
	0.13
	2.7
	CO2
	0.17
	3.3
	CF4
	0.03
	0.67

	
	
	
	
	
	
	
	
	
	
	
	

	RPC
	0.12
	3.0
	C2H2F4
	0.11
	2.8
	iC4H10
	0.005
	0.12
	SF6
	0.001
	0.03
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Figure 5  Purifier component layout.
Purifier Modules 

The basic motivation of closed loop gas circulation is to combine a sensible gas replacement inside the detector with an acceptable consumption of fresh gas.   In many cases the highest tolerable recycling rate  can be significantly increased if basic impurities are filtered out from the gas. In CMS we reckon that water and oxygen filters are beneficial for the DT and the CSC gas system. For the RPC gas filtering might not be necessary since the chamber performance is not very sensitive to impurities that can be filtered out  from the gas.

The proposed standard purifier is shown in Figure 5 and described in more detail in 2. It consists of two cleaning cartridges that are installed in parallel.  One of the cylinders is in operation while the second can be automatically regenerated at the same time. The cylinders can be filled with one or two absorbers depending on the requirement of each system. Using the manual flow controller (valve 19 in Figure 5)  a part of the circulation flow can by-pass the purifier, in this way one can adjust the impurity concentration after the purifier and prolong the run-time of the cartridges.  

In order to size the purifier cylinders adequately some assumption on the amount of impurities picked up in the detector must be made. Table 4 shows estimates for the oxygen and water concentration that are believed realistic for the inlet and outlet gas flows. Based on these assumptions, the last two columns quote calculated volumes of oxygen and water to be removed from the gas per day. 

Table 4  Amount of oxygen and water that is to be removed per day in each system.
	System
	Ciculation

Flow

[m3/h]
	Assumed Impurity

Concentrations 

in the Return Gas [ppm]
	
	Required Input Purity 

[ppm]
	
	Amount of Pollutant to be Removed per Day


	

	
	
	O2
	H2O
	O2
	H2O
	O2 [litre]
	H2O [g]

	DT
	20.8
	50
	50
	40
	40
	5.0
	3.6

	CSC
	6.8
	50
	50
	30
	40
	3.2
	1.2

	RPC
	3.0
	1000
	1000
	>1000
	>1000
	-
	-


Table 5  Oxygen and water absorbtion capacity of  various absorbers.
	Absorber
	Oxygen Absorbtion Capacity

for 1 kg of Absorbent
	Water Absorbtion Capacity

for 1 kg of Absorbent
	Reference

	Leuna Catalyst 6525

Mixture of nickel, nickel oxide and Al2O3 carrier
	15 ltr.
	not measured
	


	Leuna Catalyst 6503, or 6510

Mixture of nickel, nickel oxide and aluminium oxide with SiO2 carrier.
	> 20  ltr.
	not measured
	5

	BASF R3-11G

Activated copper oxide deposit  on porous graphite support
	4 ltr.
	45–97g
	


	Molecular Sieves

3A, 4 A, 5 A or 13X
	Non
	typically 200g
	


The Gas Installation in USC55

The USC55 zone is the permanently accessible underground service area housing the following equipment: 

· Re-compression modules with the pumps and the return line pressure regulation system

· The wheel supply and return manifolds with typically a manual flow regulator on the inlet and the pressure control on the outlet. 

· Analysis instruments  (mainly O2 and H2O)  for return gas samples from individual chambers or wheels. 

· Gas Control equipment (PLC’s etc.) for the distribution systems and the pump control.

[image: image6.wmf]
Figure 6 Pump module (a) with pump motor speed control and (b) with bypass regulation. The gas return at typically –10 mbar 

The Compressor Modules

The gas from the chambers must be compressed for return to the surface and re-cycling through the purifiers.  Typically the gas should be compressed by about 400 mbar (see Table 6). If required, the compression can be  increased to about 1barg for the large volume atmospheric pressure systems (CSC and RPC) to store a certain amount of gas (0.5 to 1% of the total amount of gas in the detector) in a buffer volume. Thus, gas density changes in the chambers due to changes in atmospheric pressure can be compensated without adding fresh gas.   

The compressor modules (see Figure 6) are situated in the return gas lines from the chambers in the underground service area (USC55).  For most systems
, the return gas pressure at the pump inlet ranges between 5 and 15mbar below the atmospheric pressure. It is essential to insure high quality pipe connections near the pump in order to maintain good gas quality.

Table 6  Pump modul parameters. 
	System
	Nominal Flow
	Max. Flow
	Pump Inlet Pressure
	Pump Outlet Pressure

	  DT
	20.8
	41.67
	0.990 bara
	1.4 – 1.8 bara

	  CSC 
	6.8
	13.50
	-10 to -15 mbarg
	0.4 – 1.0 barg

	  RPC 
	2.3
	4.67
	-10 to -15 mbarg
	0.4 – 1.0 barg

	  Totem-CSC 
	0.1
	0.2
	-1 to -5 mbarg
	< 0.1 barg

	  Totem-RPC 
	0.01
	0.03
	-1 to -5 mbarg
	< 0.1 barg


Table 7 For bypass regulated compressors, the flow ratios between the detector, the manual bypass and the controlled bypass must be designed properly. To achieve maximum flexibility  for the regulation: both bypasses should be of equal Kv, with a maximum flow capacity of two times the nominal detector flow. The table lists an example of flow ratios for three different flow regimes that are to be adjusted manually. 
	Regime
	System Flow
	Manual

Bypass

Flow
	Controlled

Bypass

Flow
	Pump

Flow

	Minimal
	Minimal
	0
	60
	40
	100

	
	50%
	5
	60
	35
	100

	
	100%
	10
	60
	30
	100

	Nominal
	Minimal
	0
	33
	67
	100

	
	50%
	16.5
	33
	50.5
	100

	
	100%
	33
	33
	34
	100

	
	200%
	66
	33
	0
	100

	Maximal
	Minimal
	33
	0
	67
	100

	
	50%
	50
	0
	50
	100

	
	100%
	100
	0
	0
	100


Table 8 Comparison of several gas compressor types.
	Pump Technology
	Advantages
	Disadvantages

	Membrane or Diaphragm Pump (e.g. KNF)

	Chamber gas not in contact with bearings or motor
	Relatively short lifetime of membrane

	
	Overpressures up to several bars
	Pollution problem if membrane brakes

	
	
	Limited flow capacity

	Side-Channel Compressor (e.g. Rietschle)


	Large flow capacities
	Limited compression capacity typically 200 to 400 mbar

	
	No pressure pulses
	Critical sealing on the shaft

	
	Long lifetime and little maintenance
	

	(Multi) - Claw Compressor

(Rietschle)

	Large flow capacities
	Critical sealing on the shaft

to oil-lubricated gear box

	
	Overpressures up to 2.2 barg
	

	
	No pressure pulses
	

	
	Long lifetime and  little maintenance
	

	Turbine Compressors
	Large flows
	Limited compression capacity typically 200 to 400 mbar

	
	Gas bearing; lubricant free
	Not usable for low flows

	
	Can run at 3 bara
	High capital cost

	Piston Compressor

(e.g. Haug)

	Large flow capacities
	Sealed bearings with synthetic grease inside the gas volume

	
	Overpressure up to 7 bar
	Pressure pulses

	
	Can be Oil free
	Relatively high capital cost

	
	
	Yearly maintenance on piston rings


Although the pump will run most of the time under constant flow and pressure conditions, it must be able to adapt to changing flows; for instance, if one of the distribution racks is stopped or if higher purge flows are required. This regulation is done by controlling the pump inlet pressure to a constant value (typically – 10 mbar) by either:

· A frequency modulator on the 3 phase motor of the pump, allowing an active motor speed control on the compressor as shown in Figure 1 (a).  A manual bypass is added to increase the full range flow and to allow the system flow to go down to zero without the pump being stopped.

· or by one automatic control valve and one manual adjustment valve sitting both in parallel to the compressor (Figure 6 (b)). Recommended flow ratios between the pump and the two bypasses are listed in Table 7. The fail-safe position of the control valve in the bypass is open, so that the bypass can be open when the system is stopped.

The pump is a crucial element of the circulation loop, requiring high reliability. Regular maintenance is anticipated and scheduled during the shut-down periods. In case of a breakdown during physics immediate repair or replacement must be insured.  Moreover the pump must meet strict purity requirements of the gas systems: no oil, grease or silicon lubricants should be directly in contact with gas.  A comparison of different compressor types is given in Table 8.

[image: image7.wmf]
Figure 7 USC55 distrubution:  the gas lines to and from the UX for the RPC system.  Six height divisions are regulated independently with control valves at the outlet, manual flowmeters at the inlet.

The  Pressure Regulation

The active pressure control  of the chambers is situated in the USC55.  Every sub-distribution unit that is situated in the UX cavern has an individual supply and return tube to and  from the USC55. Manual flowmeters (rotameters) in the inlet lines allows for flow adjustement on each unit. The pressure regulation is done by a control valve in the return line.  The DT system has individual remote control valves in all the return lines from the UX. CSC and RPC systems have remote pressure control for groups of 4 or 5 (Figure 8), the individual return lines from the wheels have manual valves for relative adjustement. 

[image: image8.wmf]
Figure 8 Schematic (not all components are schown) view of the gas installation in the UX. The  inlet lines to the distribution units in the UX have manual flow adjustements (e.g. Rotameters). The output line have remote control valves for groups of four or five return lines. The inlet pressure of the pump is kept constant (typically –5 to –15 mbar) , by the pump module.
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Figure 9 Gas rack positions in the UX cavern.
[image: image10.wmf]
Figure 10 Component layouts for the UX distribution racks for DT,  CSC and RPC systems. The DT system has pneumatic shut-off valves for every channel and a simplified back-up systems because it does not need to follow atmospheric pressure changes. CSC and RPC are mostly identical.

The Gas Installation in UX Cavern

The gas racks in the cavern are installed on the bottom platforms on the detector  (Figure 9).  The racks are 60 x 60 cm large in order to  use the smallest possible space on the detector platforms. 

UXC Distribution Racks

The content of distribution racks in the UX cavern are shown in Figure 10.  The central elements in the racks are the distribution manifolds with the integrated channel flowmeters, which are developed especially for the LHC experiments.  The flowmeter consists of a PT100  resistor mounted in flow cell entirely made of aluminum. A small current (~20-30mA) through the PT100 causes resistor to heat up, simultaneously, the resistor is cooled down by the gas flow. Systematic studies
 have shown that the resulting temperature rise can be used as an acurate  measurement of the gas flow. 

The supply and collector manifolds are compact aluminum blocks incorporating on each channel a manual adjustment valve and the aluminum flow cell. Manifolds with up to 18 channels can be mounted in a 19’’ rack.

Table 9 Circulation and average channel flows
	System
	
	Sub-System 
	Total

Flow [m3/h]
	No. of Channels
	Mean Flow 

/Channel [l/h]

	CMS
	Barrel
	
	12.50
	250
	50.0

	
	CSC
	
	6.64
	162
	41.0

	
	RPC
	Barrel
	1.67
	240
	7.0

	
	
	Forward
	1.40
	288
	4.9

	TOTEM
	CSC
	
	0.07
	40
	1-8

	
	RPC
	
	0.03
	16
	0.5 - 2
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Figure 11 Cross-section showing the gas flow through one channel of the manifold and the flowcell.
Appendix

A) Cicuit Diagramms
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Figure 12 BM gas system.
[image: image13.wmf]
Figure 13 CSC Gas System.

[image: image14.wmf]
Figure 14 RPC gas system.






� The DT system runs at a constant  pressure, therefore the pump inlet pressure is constant too (about 985 to 990 mbar), that might be above or below atmospheric pressure.
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