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Abstract


The PHENIX experiment will keep the rate at which flammable gas leaks into the hall below the critical flammable gas leak rate of 1 Standard Cubic Foot per Hour (SCFH), or 472 cc/min.  We recently measured the leak rate of the pad chambers currently mounted on the carriages, 8 sectors of PC-1 West, 8 sectors of PC-1 East, 8 chambers of PC-3 East, in order to verify that the pad chambers do not approach this critical leak rate.  The results, presented in detail below, show that the total leak rate of the pad chambers is 0.11 SCFH (50 cc/min).  This is well within the guidelines.

Description

The pad chambers were measured individually before mounting on the carriages, and the results of those measurements are available from the PC Web page: http://www.phenix.bnl.gov/phenix/WWW/tracking/pc/gas_leak_rates.html.

There was some concern, however, that the leaks might not be stable, especially after all the handling required to mount them.  For this reason we wanted to measure the leak rate of the entire system once it had been attached to the carriages.  Until the final PHENIX Tracking Gas System is completed, we have to measure the leak rates separately for the East and West PC-1 chambers, and the North East and South East PC-3 chambers, each of which is on a separate distribution manifold.  

Procedure

1) Nitrogen is brought to the input manifolds for the chambers.  For PC-1, the chambers are fed 8 at a time while for PC-3 the manifolds supply 4 chambers.

2) The chambers are pressurized to slightly above 0.25 inches of water.

3) The input supply is shut off, and the pressure is recorded as a function of time.

4) Knowing the volume of the chambers and the input and return lines, it is possible to know how much gas is in the chambers as a function of time, and hence derive the amount of gas that has leaked out.

5) This assumes that the chambers are approximately rigid containers, and temperature and barometric fluctuations are small for the duration of the measurement (5-10 minutes).

6) Although we measure the leak rate at pressures in the neighborhood of 0.2 inches of water, we anticipate running the chambers at about 0.1 inches of water.  We expect the leak rate to decrease with pressure, but we make no attempt to correct for this.  We report the leak rate as measured at 0.2 inches of water.

Results


PC-1

For PC-1 East and West the leak rates were so small that we measured only a single data point.  From this pressure drop we calculate the leak rate.  We know the volume of each PC-1 chamber quite accurately, but for this purpose they are approximately 2 meters by 0.5 meters by 6 millimeters, with a volume of 6 liters per chamber, or 48 liters per carriage.  There is a total of approximately 107 meters of copper tubing for the supply and return lines with an inner diameter of 4.8 mm for a total tubing volume of 2 liters.  This gives a pressurized volume of 50 liters.  

When a volume of 50 liters is pressurized to 0.25 inches of water, the additional gas in that volume is equivalent to (0.25/360 * 50 liters)=35 cc of gas at STP.  We observed a drop in pressure from 0.25 to 0.22 inches of water during a time interval of about 10 minutes for the PC-1 East chambers, so 4.2 cc of Nitrogen must have leaked out in that time for a leak rate of 0.42 cc/min.  A similar calculation was performed for the West PC-1 manifolds giving a leak rate of 0.3 cc/min.

PC-3

For PC-3, the dimensions of each chamber are approximately 2 meters by 2 meters by 12 millimeters or 48 liters per chamber.  Each manifold services 4 chambers plus 2 liters of tubing for a total of 194 liters.  The PC-3 chambers leak at a higher rate than the PC-1 chambers, so it was possible to record the time during which the pressure dropped from 0.25 to 0.05 inches of water in intervals of 0.05.  The first reading of each series is unreliable because our method demands that the input and output valves to the chambers be closed at exactly the same time and this was not possible to do in a reproducible fashion.  For this reason we quote the leak rates for the manifolds based on the time it took for the pressure to fall from 0.20 to 0.15 inches of water.  Since the designed operating pressure of the chambers is 0.1 inches of water, we believe that this method conservatively overestimates the leak rate that we will achieve in practice.  From our measurements we confirm that the leak rate is dependent upon differential pressure, slowing as the chamber pressure approaches ambient pressure.

A pressure change of 0.05 inches of water in the PC-3 manifolds is equivalent to a volume change of (0.05/360 * 194 liters)= 27 cc at STP.  This pressure drop took about a minute in the South East PC-3 manifold and slightly longer in the North East PC-3 manifold, so their leak rates are given as 27 and 22 cc/min respectively.

The tabulated values of pressure versus time for each of the PC manifolds is given below.

Summary

The total observed leak rate for the Pad Chambers mounted on the carriages is 49.7 cc/min or approximately 0.11 SCFH.  This is the leak rate at a pressure of 0.2 inches of water.  We anticipate the leak rate in practice will be somewhat smaller because we plan to operate the chamber at a reduced pressure of about 0.1 inch of water.  Also it must be noted that this stated leak rate is the rate at which operating gas will leak out of the chambers, and only half of the operating gas is flammable.  Thus the flammable component of the Pad Chamber leak rate is less than 0.06 SCFH.  

Comparing the leak rate measured on the carriage, 50 cc/min, with the sum of the individual chamber leak rates, 54 cc/min, shows remarkable agreement, giving us confidence that the pad chambers did not develop any new leaks from handling or aging.

PC-1 East Manifold

Time elapsed
Pressure (inches of water)
Leak Rate (cc/min)

0 seconds
0.250
- 

1680
0.220
0.42

PC-1 West Manifold

Time elapsed
Pressure (inches of water)
Leak Rate (cc/min)

0 seconds
0.285
- 

720
0.260
0.29

1680
0.225
0.30

PC-3 South East Manifold

Time elapsed
Pressure (inches of water)
Leak Rate (cc/min)

0 seconds
0.25
- 

44
0.20
37

103
0.15
27

185
0.10
20

301
0.05
13

PC-3 North East Manifold

Time elapsed
Pressure (inches of water)
Leak Rate (cc/min)

0 seconds
0.25
- 

43
0.20
19

116
0.15
22

206
0.10
18

333
0.05
13

Total Leak Rates for Installed Detector Systems

Detector System
Pressure drop
Time elapsed (seconds)
Leak Rate (cc/min)

PC-1 East
0.25 to 0.22 (0.03)
618
0.4

PC-1 West
0.225 0.165 (0.06)
1680
0.3

PC-3 South East
0.20 to 0.15 (0.05)
59
27

PC-3 North East
0.20 to 0.15 (0.05)
73
22

Total
-
-
49.7
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