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1. Introduction
The RPC gas system will be similar to that used in the BELLE [2] and BABAR [3] experiments, in which a gas mixing system distributes the gas mixture to the individual RPCs through simple “flow resistors”, with the output flow from each flow branch separately monitored by a low-cost digital bubbler [4]. 

Mixing of the chamber gases is performed with mass flow controllers. The electronic bubbler system monitors the chamber gas flow by counting gas bubbles in a small oil bubbler as they pass a photogate. Detailed histories of the input flow rate and output gas bubbling rate will be available via a local bubbler host PC and slow-control system. The gas will be input from multiple, switchable sources to minimize interruptions of the gas flow during chamber operation. 

An extensive detector safety and fire safety system with status monitors and interlocks will be implemented via four gas control crates. 
2. Major gas system design parameters

Daya Bay neutrino experiment has three experimental halls, two near halls and one far hall. The near hall RPC system will cover an area of 12 x 18 m2 with four layers of 1 x 2 m2 RPC chambers, and the far hall will cover larger area of 18 x 18 m2.

The basic design assumption is the normal gas flow rate at 1 volume change/day. When we choose the gas flow controllers we put the possible 3 times larger gas flow rate into consideration. The major gas system parameters are listed below: 

      2.1 Gas flow rate
Common to both near and far halls: 
Number of RPCs/Gas branch Nb = 4, 

Gas volume/branch Vb = 0.016 m3, 1 volume/day = 0.016/(3600*24) = 1.85*10-7 m3/sec,  
RPC module size Am = 2 m x 2 m,

Number of RPCs/module = 8, 

Gas branches/module Bm = 2, 

Number of branches/gas distribution panel = 16. 

Far hall:

Total number of RPC = ~700, 
Total gas volume = 2.8 m3, 

Total number of modules (2 x 2 m2) in far hall = 9 x 9 = 81, 

Total number of gas distribution panel = 12. 

Near hall: 

Total number of RPC/near hall = ~432, 

Total gas volume/near hall = 1.73 m3, 

Total number of modules/near hall = 6 x 9 = 54, 

Total number of gas distribution panel/near hall = 7. 

Total number of gas distribution panels for one far hall and two near halls is 12+14 = 26. 

      2.2 Gas mixture 

Baseline gas mixture is OPERA RPC gas mixture. The main advantage for using this mixture is low cost and low global warming potential. This gas mixture has been intensively studied by OPERA RPC group[5], and the conclusion is in a low counting rate environment it performs very well. We summarize the cost and GWP for several RPC systems: OPERA, BESIII and BaBar, shown in Table 1. It is clearly seen that this gas mixture costs about 60% of BESIII gas, and 71.6% of BaBar gas. Comparing their GWP index OPERA gas is about 68% of BESIII gas, and 81.8% of BaBar gas. (Note: the cost estimation is based on 1 volume/day and recent quote from US venders.)
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This gas mixture is also non-flammable, details can be found in [1] and DocDB- #2000. 
3. Daya Bay RPC gas system
The gas system building blocks of the Daya Bay RPC gas system is shown in figure 1. In the following sections we’ll describe each block in details. 
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3.1 Gas cylinders
RPC gas mixture consists of four different gases. Except Argon the other three gases actually are in the liquid phase. We will use their vapors in the gas mixture. The saturated vapor pressure in these cylinders won’t change until vaporized the last bit of liquid. In the case of pressure having significant change the cylinder is almost near empty and may cause the gas flow being interrupted. To avoid this from happen the gas system should be able to know how much liquid is left in the tank. We will use electronic weight scale to monitor the remaining liquid quantity for these three gases.One candidate system – Force Flow model WR200-3HA is shown in figure 2. 
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Since the indicator not rated for intrinsic safety, must be located outside of hazardous area, and the intrinsic safety barrier for the electronic scale must be installed, one of the scale for isobutane must be installed in the way shown in figure 3. The relays of the indicator will be used in the gas status crate to warn the shift taker to changeover the depleted cylinder when the weight drops below the preset limit. 
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To avoid the gas flow interruption during replacement of the depleted gas cylinder, each gas supply line has to be arranged as the way shown in figure 4. The main gas supply cylinder provides the gas to the mixing system, the backup cylinder is at the standby state. When the content of the main cylinder drops to the preset lower limit, the gas supply line will be changed over to the backup cylinder temporally, the path to the main supply cylinder will be shut off. The shift taker can replace the exhausted cylinder. The gas cylinder changeover board provides a ventilation path for purging the pipe after installed the new cylinder. Thereafter the gas supply line can be switched back to the main supply cylinder, and put the backup cylinder to standby state.  

 We should notice that the last stage of the gas pressure for the backup cylinder is set at 24 psi, which is lower than gas supply cylinder 28 psi. In such arrangement before supply side pressure drops below 24 psi, the isobutane is always provided by gas supply cylinder. For the other two gases SF6 and R134A similar changeover board can be used.  

Argon gas can use four-pack cylinder farm that is similar to BaBar RPC Ar backup source, see figure 5 for an example photo. Since argon gas cylinder is under high pressure, the content in the cylinder can be directly read from its gas pressure. A commercial changeover regulator is available to play the similar function as changeover board.
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Figure 6 shows a Swagelok KCM series changeover regulator that can switch from one supply to another at one of three different inlet pressures—100, 250, and 500 psig (6.8, 17.2, and 34.4 bar) — called changeover pressures. The selector regulator (first stage) is factory-set to reduce the supply pressure to the nominal changeover pressure ordered. The line regulator (second stage) can be adjusted with the handle to achieve the required system pressure. When one supply drops below the changeover pressure, the selector regulator automatically switches the gas feed from the depleted supply to an alternate supply. If both supplies drop below the changeover pressure, the assembly functions as a single-stage regulator, depleting both supplies at the same time. The ventilation pipes must be added to two sides of cylinders to vent the air in the pipe after replacement of the cylinders. 
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3.2 Gas mixing and fire/detector safety monitoring system

This system consists of gas mixing panel and four crates: flowmeter crate, pressure crate, power supply crate and system status crate. The gas mixing panel is shown in figure 7 and the block diagram of the safety monitoring system is shown in figure 8
. 
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3.2.1 Gas mixing panel

The gas mixing panel has incorporated the BaBar RPC/LST gas system experience and Daya Bay RPC system’s requirement. This mixing panel can mix 4 gases, including small amount of SF6, which is in 0.5% of total flow rate level. To mitigate the possible interruption due to malfunction of the gas flow controllers the whole system is constructed on rather spacious panel, and uses VCR fitting throughout the entire system  that makes replacement easier and faster. The redundant mass flow meters are added into the system to cross check the mass flow controllers, which is very valuable when the gas mixing ratio is in doubt for detector’s unusual behavior. Also provided is a sample port that can be connected to a GC system to check the gas mixing ratio in any time. An additional port for gas outlet to vent will be used in the case of purging the gas mixing system. 


All four gas inlets are controlled by pneumatic valves (indicated as esv in the figure 7), which are actuated by pressurized air at 100psi via a solenoid valve. The later is controlled by the power supply crate that will be mentioned later on. With this operation manner all gas components will be turn on and off at the same time, the mixing ratio won’t be changed even the system has been interrupted. 

The pressure sensors (xdcr in figure 7) will send the output signal to the gas pressure crate, where the signals are compared to the preset normal pressure operating range. 


Mass flow meters send the measured signal to flowmeter crate , where the flow rates are checked if they are in the normal range. 


The mass flow controllers and flow meters are MKS products. Four mass flow controllers are controlled by MKS 247D, see figure 9. 
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Detailed information on using this box can be found from “MKS Type 247D Four-Channel Readout Instruction Manual”. Here we just give a brief description of this control box. MKS 247D is designed as power supply/readout and set point source for four analog mass flow controllers. The 247D unit consists of a power supply, four signal conditioning channels, four set point circuits, and a digital panel meter (DPM) to display the flow rate of any single channel of a MFC. 

The rear panel provides four connectors, via cables they are connected to four mass flow controllers. 


The gas flow rates for four channels have been set according to our baseline gas mixture. Since isobutane is a flammable gas, its ratio in a gas mixture needs to be controlled below its flammable limit, you are not allowed to touch ANY of the dials, knobs and switches on both front and rear panels. Otherwise you might change the mixing ratio and make a flammable gas mixture without your notice. Please take it seriously! The only thing you are supposed to do if you are on shift is choosing each channel by rotating the channel select knob, and read the digital meter. Compare these numbers with the preset value, and the displayed numbers on “Gas Flowmeter” crate, all three sets of numbers should be very close. The reading on gas flowmeter crate has been corrected at the nominal total flow rate, 1000SCCM. If you are running the system at different flow rate, the reading might be somewhat different from flow controller’s and could be a few percent of deviation. 

The operation of MKS 247D is set in the ratio mode, the channel #1 (Isobutane) is the master channel, the other three channels are slaves. On the front panel the Set Point Source Switch is set at “Ratio” position for channel #2, 3, 4, and at “Flow” position for channel #1. If we need to change the total flow rate and maintain the mixing ratio unchanged, we only need to change the flow rate of the first channel. 
A Varian 3900 GC system has been used to verify the mixing ratio. Test results show that from 100sccm to 1000sccm of the total flow rate the mixing ratio holds reasonably well as shown in figure 10(A). We also tested the gas mixture in different total flow rate for a 2m x 1m IHEP RPC, the plateau curves are very similar, see figure 10(B). That means the gas mixing ratios in the mixtures are similar. 
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A photo of the gas mixing panel is shown in figure 11. 
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3.2.2 Gas flowmeter crate

The gas flowmeter crate is used to display the gas flow rate from seven mass flow meters: four for each gas, three for the water vapor control branches: total, dry branch and water vapor added branch. Simpson model H335 controller unit is used for the flow rate display and safety control. A normal flow rate band is defined for each of seven flow meters through the Simpson controller, if the flow rate is out of this preset band, the build-in relay of the Simpson controller will acting accordingly. Figure 12 shows the schematics of this crate
. 
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The logic diagram is shown in figure 13.
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This crate displays the gas flow rate measured by the flow meters, controls a relay contact that closes on normal flow rate and opens on bad flow rate. Send this signal to gas pressure crate, which will control the solenoid valves. The abnormal flow rate/pressure signal will shut off the solenoid valve, which in turn will close all gas inlets. In reality the gas flow rate/pressure fluctuation due to power supply glitch and/or atmospheric pressure sudden change is quite often during certain season. To eliminate this type of interfere there is a “BYPASS TIMER” push button, push this button can bypass the status check logic for 5 minutes (meanwhile a buzzer will be actuated to remind you that the bypass is acting), keep the solenoid valves open for such time period. Usually within this period the environmental fluctuation would calm down and return to normal, therefore the gas system will continually operate w/o interrupt. When you see all flow rates and pressures show normal value, the Simpsons show no warning light on at the right side bar, you should push the RESET/START button, and the “Flow Interlock OK” should be back on. 

There is a RESET/START button on the front panel. When the system power cables are just plugged, push and hold this button down until all seven flow rates displayed on the Simpson meters reach normal value (no warning sign on any of the meters), then release the button. By doing this the system will lock itself in a normal operation mode until the next abnormal state occurs.  After you push this button, the green light labeled as “Flow Interlock OK” should be on. Also the water branches green light should be on, red light should be off. 

The water branches are used for adding water vapor into the gas mixture. There are three Simpson meters to display the flow rate for branch #1, #2 and the total. Branch #1 gas mixture will be bubbling through water, then combine with the dry gas mixture from branch #2. The metering valves on branch #1 and #2 can adjust the flow ratio between them, thus adjust the water vapor content in the mixture. 

Figure 14 shows the picture of the flowmeter crate front and.rear  panels. 
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3.2.3 Gas pressure crate

The gas pressure crate is used for displaying the gas pressure at the upper stream of the flow controller for each gas. When any gas shows lower than preset pressure limit, this crate will generate warning signal, shut off the solenoid valves that will in turn shut off all gas inlet ports on the gas mixing panel. Figure 15 shows the schematics of this crate
. 
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The logic diagram of this crate is shown in figure 16. 
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The gas pressure display and control is also accomplished by Simpson H335 controllers. In case of either flow rate or gas pressure is out of normal range this crate will cut off the solenoid valve and consequently shut off all four pneumatic valves for gas inlets on the gas mixing panel. This crate also sends the analog signals of flow rate and gas pressure to slow control system for on-line display. 


The front and rear panels for the pressure crate is shown in figure 17. 
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3.2.4 Gas system power supply crate
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The power supply crate provides the DC power to all flow meters, solenoid valves. Figure 18 shows its schematics
. 

The logic diagram of this crate is shown in figure 19. 
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Power supply crate provides DC power(+/- 15V) to all seven MKS flow meters. It also provides +24V DC power to the solenoid valve. It takes status information from flow crate, pressure crate and safety status crate, then controls RPC HV interlock and solenoid power output. In case of any abnormal state occurring, such as low flow rate, low pressure or ventilation/HAD sensor warning, it will actuate the RPC HV interlock, shut off solenoid valve. 


There are four lights on the front panel: +15V, -15V, +24V, (solenoid) Valves open. In normal case all of them should be on.




Figure 20 shows the front and rear panels of the power supply crate. 
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3.2.5 System status crate
The system status crate provides a status summary display of the entire gas system: safety system, flow rate, gas pressure. Figure 21 shows the schematics
 and figure 22 shows the logic diagram of this crate. 
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The sensors used in this crate are ventilation Pitot tubes, Isobutane HAD sensors and electric weight scales for three gases. The Pitot tube measures the air flow velocity in the ventilation pipe, thus we’ll know the air flow rate. The working principle of the Pitot tube  is shown in figure 23. A Pitot tube consists of an impact tube (which receives total pressure input) fastened concentrically inside a second tube of slightly larger diameter which receives static pressure input from radial sensing holes around the tip. The air space between inner and outer tubes permits transfer of pressure from the sensing holes to the static pressure connection at the opposite end of the Pitot tube and then, through connecting tubing, to the low or negative pressure side of a manometer. When the total pressure tube is connected to the high pressure side of the manometer, velocity pressure is indicated directly. We propose to use Dryer model 160-8 Pitot tube and Dryer Photohelic as the manometer, shown in figure 24. The chart to convert the measured pressure Pv to the air velocity is shown in figure 25. 
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Isobutane HAD sensor measures the concentration of Isobutane in the gas storage room to make sure it is below the preset upper limit. These sensors are critical to fire safety. If any of these sensors shows an out of range signal this crate will be able to shut off gas inlets on the mixing panel, also shut off the solenoid valve on Isobutane changeover panel. 
3.2.6 Ventilation of the gas rooms
The core of the safety issue for Daya Bay RPC gas system is the air ventilation. We suggest to consider the following scheme, which is used by BaBar gas shack for 10 years and proved to be reliable, to vent the gas room. 
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Figure 26 shows the BaBar gas shack’s air ventilation system, which circulates the room air with the air flow rate @2800CFM (the volume of gas shack is ~4100 CF), which is measured by sensor #1; part of it, 600 CFM, exhausted from above roof, and monitored by sensor #3; main part, 2200CFM, is returned to the system and monitored by sensor #2; fresh intake air, 600 CFM, is added to the circulating air flow, and monitored by sensor #4. 
In this scheme each room needs 4 sensors, if we have two rooms, gas storage room and mixing room, total 8 sensors are needed. We could keep sensor #1 and #4, and omit #2 and #3. In the proposed Gas Status Crate there are 4 sensors in the system. 
3.2.7 Water bubbler and humidity sensors
The gas mixing panel provides two branches of the gas mixture, one branch will be connected to a water bubbler to add water vapor into the gas mixture. The purpose for adding water vapor into the gas mixture is preventing the Bakelite electrode being dried out, which in turn will increase the resistivity of the electrode, cause efficiency loss. 

BaBar water bubbler can be used as our reference, which is shown in figure 27. 
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4. Gas distribution system
The gas mixture after the mixing system needs to be distributed to every RPC in an experimental hall. The design goal can be summarized as following: 

· Uniformly distribute the gas mixture to every RPC in the system; 

· Divide the entire RPC system in one experimental hall into several panel-branches, of which each will be further split to 16 sub-branches. In case of one sub-branch has leaky RPC the rest of the system should not be affected;  
· The RPCs in the same branch are better to be in parallel, not in series, to prevent the poison gas produced in upper stream polluting the down stream chambers; 

· At the end of each branch should implement a monitoring device to check if there is any leaky RPC. 
A sketch diagram of the gas distribution system is shown in figure 28. 
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In far hall the main gas manifold provides 12 panel-branches, each of which will come to a 16-channel flow resistors panel. Because the flow resistance of this capillary is much higher than the rest in the gas path, even there is a leaky RPC in the down stream, it will not affect the overall flow resistance for this branch. The flow resistors on the panel will be connected to the RPC modules. Each flow resistor provides gas mixture to 4 RPCs. To ease the gas tubing interconnection these 4 RPCs are connected in series. The gas outlet from this sub-branch will return to a digital bubbler panel. The digital gas bubbler can count the rate of the output bubbles, therefore can record the returning gas flow rate. To protect the RPCs from overpressure there is a inlet bubbler at the outlet of each flow resistor. The oil height for these bubblers are set at 2cm. 

In near hall the main gas manifold provides 7 panel-branches. The rest of the system is just the same as the far hall’s. 

4.1 Flow resistor and inlet overpressure protection bubbler
We have calculated the pressure drop (P for the RPC gas flow path. The RPC itself won't bring in noticeable pressure drop due to large cross section. The major pressure drop is coming from the long tubing. A CERN web site provides a calculator to calculate such pressure drop: 


http://detector-gas-systems.web.cern.ch/detector-gas-systems/Tools/deltaP.htm
Figure 29 shows the verification of this calculator with some real test done by Bob Messner
 of BaBar. 
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Use this tool to calculated the gas mixture (75/21/4 Ar/R134A/Isobutane), which is very close to OPERA gas mixture, under maximum 5 volume changes/day flow rate. The calculated pressure drop through 30m long, 4mm ID (1/4' OD) Polyflo tubing (30m long tubing is about the round trip for the gas flow path) (P = 0.75cm WC. The digital bubbler's oil height is set at 0.5cm. Total pressure drop through the system is 1.25cm WC. We set the overpressure protection bubbler at 2cm WC. We will make some additional space for the bubbler in case of higher protection pressure threshold needed. 
Under normal operation mode the gas flow rate will be 1 volume change/day, the pressure drop through 30m tubing will be 0.15cm WC. If we use Upchurch Scientific U-101 S.S. tube, which is 0.02” bore diameter and 5cm long, the pressure drop with such flow rate would be 1.02 cm WC that is 7 times pressure drop for 30m long 1/4” Polyflo tubing.
4.2 Digital bubbler

For a gas detector system the bubblers are always used at the output of the chambers. The digital gas bubbler can provide a quick diagnostic of gas flow on line; according to BaBar and Belle it turns out to be a very useful system. We are going to use a similar digital bubbler design as Belle RPC used [6]. In this system the bubblers are instrumented with the photogates. Its working principle is illustrated in figure 30. Without the gas bubble the light reaches the photogate through oil with no interfere. When bubble passes, it will reflect partial light, and the light intensity at that moment would be reduced, thus generates a pulse signal to the photogate PC board. 
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A schematics of the digital bubbler photogate PC board is shown in figure 31. This is a 16-channel board that provides input signal to the microcontroller readout board. Each of the microcontroller board can handle 16 channels. TI MSP430F1611[7] microcontroller is used on the board, figure 32 shows the functional block diagram of MSP430x161x chip. It has 10KB RAM and 48KB flash memory.  The build-in 12-bit ADC can sequentially sample 8 channels of the input at one moment with the sampling rate set by a 32768-Hz (215 ) watch crystal oscillator. When the ADC finishes the sampling for the first 8 channels it will generate a switch signal that subsequently will be sent to two MAX4674 multiplexer chips, each of which can handle 4 channels. Thus the next 8 channels will be sampled by the ADC. The system will be running for a few seconds that is long enough to collect several cycles of the bubbles. All the data is stored in the RAM memory of the microcontroller. At the end of the data taking cycle the program will set all 8 bits up to 1 for a specific register U1TXBUF that is the serial port interface on the microcontroller. A host PC is supervising the microcontroller readout board through RS232 port. It checks U1TXBUF routinely, if all 8 bits are up, it will readout the data from RAM and store the data in the PC, then starts over the whole process again. A USB to 16 COM ports adaptor box will be able to set up 16 RS232 ports with a single USB port. For the far hall we need 12 16-channel bubblers, and for the near hall we need 7 16-channel bubblers. Therefore at each site we only need one such adaptor to handle all digital bubblers. 
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The hardware of the16 channel digital bubbler with the oil catcher is shown in figure 33. A similar device w/o photogate installed will be used as the input overpressure protection bubbler. 
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The schematics of the microcontroller readout test board and its picture are shown in figure 34. 
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The screen shot of the bubbler program graphic user interface is shown in figure 35, and the USB to 16 COM ports adaptor box is shown in figure 36. 
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5. Interface to the slow control system

Daya Bay RPC gas system will send signals to the slow control system for on-line monitor and emergency control. The following is a list of items that have been considered in gas system design: 
· Gas flow rate for all four components, the total flow rate and dry/wet branches flow rate for the gas mixture; 
· Gas bubbling rate for every sub-branches to ensure no RPC is leaking; 

· Gas mixture humidity; 
· Gas pressure before the mass flow controller; 
· Ventilation air flow rate monitoring; 

· HAD sensors monitoring; 

· Stand-alone weather station device in the gas room will monitor the room temperature/air pressure. 
All of these signals are summarized in the table 2. 
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6. Plan for gas storage room and gas mixing room 

The gas cylinders will be stored in the gas storage room. A suggested arrangement of gas cylinders, gas mixing/control system and gas distribution system is shown in figure 37. 
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7. Budget change request
The previous requested budget included the gas mixing panel, gas power crate, gas flowmeter crate and gas pressure crate. We did not have a complete US scope for the gas system, so the old version of the gas system left out some essential parts of the system, of which the cost is not trivial. We are asking for an additional budget for the following items: 
(1) Gas system status crate 

Total cost for this crate will be $57,994 for three sets. Detailed cost estimation see Appendix (6) Safety-status-panel.xls. 

(2) Gas cylinder changeover panel and cylinder manifold 

Quote from Penn Fluid System is $26,775. See Appendix (7) changeover&manifold.xls.  

(3) RPC inlet overpressure protection bubblers

Cost estimate is $?? k.
(4) Convert the first prototype gas mixing panel to the final version

The prototype gas mixing panel was planned for RPC Q/C work at IHEP. Upon the completion of the Q/C, this system will be upgraded to the final version with additional cost of $14k (to replace the gas flow meters and controllers to larger range version). We propose to keep this prototype at IHEP for their future work and make three final version gas mixing panels for the Daya Bay experimental halls. It may cost less than $10k extra budget, but we’ll have a complete working mixing panel in hand. 
(5) Water bubbler device in the gas system

We didn’t include this in our previous version of budget estimation. The present estimation is $3,350. See Appendix (8) waterbubbler.xls for the detail. 

(6) Project management
Engineer W. Sands must spend time coordinating the procurement, fabrication, assembly and testing indicated in the table above. Going by the rule of thumb that such efforts should be budgeted at 10% of the project cost, we seek to add $?? k to the budget, split evenly in 2008 and 2009.

(7) Travel expense during the installation

We seek $16k for 4 trips for our technician and engineer to Daya Bay during 2008-2010 related to RPC gas system installation and commissioning. 
(8) Archival drawings.
The Daya Bay project has indicated a desire for "archival" drawings of all systems and components, in a professional, standard format that could be interpreted by engineers with no prior knowledge of those systems or components. Creation of such a drawing set requires access to draftsmen/designers that have not been included in the baseline budget for the RPC gas system.  The HEP group at Princeton does have ready access to relevant people for this.  It might be best if our engineer, W. Sands, could interact with BNL draftsmen/designers to convert our working drawings into the desired archival format.

A rough estimate is that 30 drawings would need to be converted.  If each conversion takes 4 hours, at a cost of $80/hour, a budget of $10k would be needed for this.

Total we are asking for $ ???  k additional budget to make up all the loose ends in the gas system.

8. Appendixes
(1) SystemLogic_E.pdf ,  SystemLogic_E.dwg


(2) Flowmeter_E.pdf, Flowmeter_E.dwg
(3) Pressure_E.pdf, Pressure_E.dwg
(4) Powersupply_E.pdf, Powersupply_E.dwg
(5) Status_E.pdf, Status_E.dwg
(6) Safety-status-panel.xls
(7) Changeover&manifold.xls

(8) waterbubbler.xls

(9) UL compliance 

      
All parts used in the gas system are checked for their UL compliance, detailed information is summarized in Marking of Gas_PanelsV2.xls. All parts are UL compliant. 
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Figure 28. Daya Bay near and far hall RPC gas distribution system.





Fig.  10.  (B) Efficiency plateau of a 2m x 1m RPC chamber in different total flow rate.





Fig. 9. MKS 247D four-channel readout box, (Top) front panel, (Bottom) rear panel. 





Fig. 12 Gas flow meter crate.





Fig.  10.  (A) Gas mixing fraction in different total flow rates.
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Fig.  6. Gas Cylinder Changeover Regulator








Fig.  32. MSP430x161x functional block diagram.





Fig.  31. Digital bubbler photogate PC board schematics.





Figure 30. Digital gas bubbler. (A) Mechanical structure of the bubbkler; (B) Working principle of the photogate; (C) The digital bubbler output signal recorded by microcontroller, it shows 8 channels are bubbliong..





To digital bubbler readout board





Fig. 34. Schematics and picture of the microcontroller readout test board.





Fig. 5. Six-pack of argon gas cylinders.





Fig.  7. Gas mixing panel.





Fig.  1 Gas system building blocks 





Fig.  8. Block diagram of the gas mixing and detector/fire safety monitoring system.





Fig. 4. Gas cylinder changeover board.





Fig.  13. Logic diagram of the flowmeter crate.
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Fig.  29. Verification of CERN pressure drop calculator.





Fig.  15. Gas pressure crate.





Fig.  16. Logic diagram of the gas pressure crate.





Fig.  18. Gas system power supply crate.





Fig.  19. Logic diagram of the gas system power supply crate.





Fig.  21. Gas system status crate.





Fig. 22. Logic diagram of system status crate.





Fig.  14. Front and rear view of the flowmeter crate.





Fig.  17. Front and rear view of the gas pressure crate.





Fig. 20. Front and rear view of the power supply crate.





Fig.  11. Gas mixing panel.
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Table  1. Gas cost and global warming potential.





Fig.  2. High accuracy cylinder scale with WIZARD 3-channel digital indicator.





Fig.  3. Installation of the load cell for isobutane cylinder.





Fig.  23. Working principle of using Pitot tube to measure the air velocity. Pt is the total pressure, Ps is the static pressure. Notice the sensing holes for these two pressures. The manometer shown on the left can measure the pressure difference between Pt and Ps, this is Pv, the air velocity pressure. 





Fig. 25. Air velocity vs. velocity pressure chart.





Fig.  24. Dwyer model Photohelic 3000SGT pressure transmitter/controller and 160 series Pitot tube.





Fig.  26. BaBar gas shack air ventilation system.





Fig.  27. BaBar water bubbler.
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Fig. 35. GUI of the bubbler control program.








Fig.  36. USB to 16 COM ports adaptor.





Fig.  33. 16-channel digital bubbler with oil catcher.
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(4)





Fig. 37. Location of the gas cylinders and gas control/distribution system.





Table  2. Slow control signals from RPC gas system.





Far hall





Near hall








� See Appendix (1)  SystemLogic_E.pdf for large scale diagram. 


� See Appendix (2) Flowmeter_E.pdf for large scale schematics.


� See Appendix (3) Pressure-E.pdf for details. 


� See Appendix (4) Power-E.pdf for details. 


� See Appendix (5) Status-E.pdf for details. 


� Bob Messner, private communication. 





_1268918815.xls
Sheet1

		Source		Name		Type		Range		connector

		Flowmeter crate		Flow rate(Isobutane)		DC level		0 - 10V		J3

				Flowr rate(Argon)		DC level		0 - 10V		J3

				Flow rate(R134A)		DC level		0 - 10V		J3

				Flow rate(SF6)		DC level		0 - 10V		J3

				Total flow rate		DC level		0 - 10V		J3

				Branch #1 flow rate		DC level		0 - 10V		J3

				Branch #2 flow rate		DC level		0 - 10V		J3

		Pressure crate		Pressure(Isobutane)		DC level		0 - 10V		J6

				Pressure(Argon)		DC level		0 - 10V		J6

				Pressure(R134A)		DC level		0 - 10V		J6

				Pressure(SF6)		DC level		0 - 10V		J6

		Gas status crate		HAD sensor status		switch		O(alarm)/C(normal)		J10

				Ventillation status		switch		O(alarm)/C(normal)		J10

				Scale #1(Isobutane)		switch		O(alarm)/C(normal)		J12

				Scale #2(R134A)		switch		O(alarm)/C(normal)		J12

				Scale #3(SF6)		switch		O(alarm)/C(normal)		J12

				Flow rate status		switch		O(alarm)/C(normal)		J11

				Pressure status		switch		O(alarm)/C(normal)		J11

				HV interlock		switch		O(alarm)/C(normal)		J11

		Weather station		G.S.R. Temperature		direct read				RS-232

				G.S.R.Air pressure		direct read

				G.M.R. Temperature		direct read				RS-232

				G.M.R.Air pressure		direct read

		Digital bubbler		bubble rate		Data file		PC Data file/Database		Ethernet

						Database		One PC/each hall






_1268561723.xls
Sheet1

		Gas		Weight		Gas volume		Price		%		Cost/day		Cost/year		GWP		Gas mix

				(LB)		(M^3)		($)		in mix		($)		($)		index		GWP

		OPERA

		Ar				9.40		72.6		75.5		36.5				1

		R134A		30		2.99		214.5		20		89.8				1300

		Isobutane		40		7.00		325		4		11.6				1

		SF6		35		2.44		366.57		0.5		4.7				22200

												142.7		52067.5				371.8

		BESIII

		Ar				9.40		72.6		50		24.2				1

		R134A		30		2.99		214.5		42		188.6				1300

		Isobutane		40		7.00		325		8		23.3				1

												236.0		86152.4				546.6

		BaBar

		Ar				9.40		72.6		60.6		29.3				1

		R134A		30		2.99		214.5		34.9		156.7				1300

		Isobutane		40		7.00		325		4.5		13.1				1

												199.1		72672.2				454.4






