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At the PC Cooling Review on 7 Dec 1998 there were a number of concerns raised about the pipe diameter feeding gas to the Pad Chambers. This note addresses those concerns.

The following gas parameters must be considered when devising a gas system:

1. Flow Volume: W = (a4/8L) p

where W is the volume of gas flow through the pipe,

a is the inner radius of the pipe,

is the viscosity of the gas,

L is the length of the run of pipe,

p is the pressure difference between the input and output of the pipe.

 

Alternatively we can solve for p in terms of W

2. Pressure difference: p = (8LW/a4) 

 

The velocity profile of laminar flow is parabolic with the maximum occurring at r = 0.

3. The maximum velocity vmax is then given by

vmax = ( a2/4L) p

which can also be expressed in terms of W as 

vmax = 2W/a2

 

All of this is contingent on the requirement that the flow be laminar, i.e. has a Reynolds number less than ~ 2000.

 

The Reynolds number is given by:

1. Reynolds number: R = 2av/ 

where  is the gas density, x g/cm3 for a 50/50 mix of Argon and Ethane,

v is the velocity of the gas.

This can also be expressed as 

R = 8W/2a 

where I have calculated R using the maximum velocity vmax of the gas in the pipe. 

 

 

I will make the following assumptions in evaluating some of these parameters: 

(NB: 1 atm = 760 mm Hg = 8200 mm H2O = 322" H2O = 14.7 psia = 1.057 x 106 g cm-1s-2)

I have not been able to find viscosities for either Argon or Ethane, or a 50/50 mix of the two. But gas viscosities are quite similar, and at 20 degrees C fall in the range of 1 - 2 x 10-4 dyne s/cm2. For this calculation, I will use  = 1.5 x 10-4 dyne s/cm2

As in the prototypes, we expect that the flow rate into a single chamber will be approximately on the order of W = 0.1 liter/minute. The most we would ever expect for a single chamber flow rate would be W < 1.0 liter/minute, so these flow rates bound the values that we can expect.

The piping we propose running to the chamber will be ½” copper and ¼” polyflow tubing with Swagelok connections. The ¼” tubing has an inner diameter of 0.19 inches or an inner radius of a = 0.24 cm while the ½” tubing has an inner diameter of 0.554 cm.  

I will also assume that the length of pipe running from the PNPI Gas Manifolds on the Carriage will be no longer than 10 meters.

Evaluating the Reynolds number for typical flow rates gives:

R ~ 92 for W = 0.1 liter/minute
(R ~ 920 for W = 1.0 l/m).

In both cases we are still well into laminar flow.

 

The maximum velocity in the pipe for W = 0.1 l/m will be 

vmax = 18 cm/s.


(vmax = 180 cm/s for W = 1.0 l/m).

The pressure differential along the pipe for W = 0.1 l/m will be p = 200 g/cm/s2 

This translates into:

p = 1.5 mm H2O. 


(p = 15 mm H2O for W = 1.0 l/m).

Various pipe sizes include ¼" (OD = 0.250", ID = 0.190"), 3/8" (OD = 0.375", ID = 0.311") and ½" (OD = 0.500", ID = 0.436").

A convenient way of expressing the important parameters is 

p = p0 (0.24 cm/a)4 (L/1000 cm) (W/0.1 l/m)

where p0 = 1.5 mm H2O.

R = R0 (0.24 cm/a) (W/0.1 l/m)



where R0= 92

vmax = v0 (0.24 cm/a)2 (W/0.1 l/m)



where v0 = 18 cm/s.
 

Pad Chamber Gas Flow Summary

       Parameter 
  Symbol 
  Design Value
  f(a)
 f(L)
f(W)

    Inner Radius of Tubing
     a
     0.24 cm 

(1/4" copper OD)
    a
   -
   - 

    Gas volume flow rate
     W
     1.6 cm3/s

 (0.1 liter/minute)
    -
   -
  W

      Pressure difference
p
   200 g/cm/s2

  (1.5 mm H2O)
   a-4 
  L
  W

       Reynolds number
     R
        100
    a-1 
  -
  W

      Gas Tubing Length
     L
     1000 cm
    -
  L
  -

    Maximum gas velocity
    vmax
      18 cm/s
    a-2 
  -
  W

The PNPI DC/PC Gas System plans to run 1” copper pipe from the gas house to manifolds on the north and south sides of the east and west carriages.  

From these manifolds we will run ½” copper pipe to each of the three layers.  The length of these runs will be approximately 10 meters or less.  Using the parameterization given above, this is expected to generate a pressure differential of 0.2 mm H2O when delivering gas at a flow rate of 0.1 liters per minute to 4 pad chambers on one side of the carriage through a ½” pipe which is 10 meters long.  This is an acceptable pressure differential.  Even if the gas flow is 1 liter/minute to each chamber (this is the expected purge rate), the differential pressure is only 2 mm H2O at this point.

From the ½” copper pipe we will run ¼” polyflow into the chambers over tubing that is a few inches long.  The input to the chambers need only be long enough to reach from the chamber to the ½” copper pipe running beside the chamber.  The same is true of the exhaust tubing which will run from two points on each chamber into the ½” output pipe.  The added differential pressure due to these ¼” sections is less than 0.1 mm H2O assuming 10 cm lengths and gas flows of 0.1 l/m.  Even in purge mode, the additional pressure differential is less than 1 mm H2O.

The accompanying drawing shows schematically how the proposed piping runs.

