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Gas system calculations DRAFT

Pressures for use at LBNL
Maximum Operating Pressure Maximum Allowable Working Pressure

Stored Energy, U, @ 350 psig MAWP
from PUB3000 , Chapter 7, Appendix E:
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where:

Pp = Pyawp + 14.7psi P =3647psi Pj:= 147psi  y:= 1.666 (for monatomic gases)

System Volume includes vessel, cabling octagon, connectiong spool, recovery bottle, valve and gas system

tubing:
dyeg = 7.63in lyeg = 13.5in main vessel inner dimensions
dy Nt = 2in Iy Nt = 8in LN2 extension (cold probe)
dye = 8in loe = 3.0in Kimball octagon for cabling
dspool = 2in 1spool := 10in connection spool, lid to octagon
dtubing := 0.5in ltubing = 20ft gas system tubing and filters
dy,lye = 2in 1yalve = 4in high pressure volume of closed valve and tank stub
dy, = 4.0in 14 = 36in recovery bottle (condensation bottle)
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V= 13x 100in° Vy, =219L
Stored Energy @ 350 psig MAWP:

y
Py Vi Py
U, = 1-|— U, = 60kJ

Mass of Xenon in System at operating pressure

. -1_,-1 -1
Pyviop=300psi - R = 8.314)-mol -K T,mp = 300K Ma_Xe = 131.3gm-mol

For real gases especially those that deviate strongly from ideal behavior the ideal gas law is modified with a
compressibility factor Z ( where v in chart below is molar density = V/n). For pure gasses (not mixtures) this factor
is identical for different compounds when pressure and temperature are expressed in terms of a reduced pressure
and temperature (principle of corresponding states), and can be easily found according to the following chart:
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15 Lee-Kesler Simple Fluid Compressibility Factor

Reduced temfjeraft :
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where the reduced pressure and temperature are defined in terms of the critical pressure and temperature

respectively:
Critical Pressure, Critical Temperature of Xenon:

Pc_Xe = 58.40bar Tc_Xe = 15.6K + 273K

reduced pressure, temperature at operating condition:

T

315psi b
P psi am

T

P, = 0.361 T, :=

. T, = 1.04

PC_Xe Tc_Xe

Compressibility Factor: from chart above:

ZXC_ZObaI = 0.88

Number of moles:

Pymopr Vi o "Xe
mol Vi,

Ny : Ny, = 20.642 mol

Weight:

ZXe_ZObar' R- Tamb

WXC = Ma_Xe-nXe WXC = 271 kg
Volume of LXe

30522 @ boiling, 1 bar, -101.8C
mL

density: PLXe*

WXe

VLXC = VLXC =0.889L

PLXe

Pressure in recovery bottle
Recovery Bottle volume:

2

Vrb = drb lrb Vrb =7.413L

K3
4

we need a starting guess for pressure to iterate to find Z

mol

Pmol = 0.942T
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Prb_guess = 25Pyop Prb_guess = 50.2 bar
then reduced pressure, temperature:
B P1rb_guess _ B B Thot _
Pr_rb = P— Pr_rb =086 Ty, =(273 + 50K Tr_hot = T— Tr_hot =1.12
c_Xe c_Xe
we find from chart:
ZXe_rb_press =76

e ZXe_rb_press' R- Tamb
Prb =

V., P4, =51.2bar P, =766 psi close enough to guess
T

Alternately, we can use a pressure density curve:
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Density [g/cm’]

for mass density m
= 03665
3

cm

pmass_rb = pmol_rb' Ma_Xe pmass_rb

we find a maximum pressure of

P = 55bar P . =822psi at 50C, which is the maximum temperature we expect to see.

max_rb
- The gas filters have a maximum temperatue of 40C.




