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DI FFERENT MOLAR MASSES - The invention rel ates tof Pr%/l ce for
regul ating the fl ow of gases having substantially different

masses. In the field of the analysis of very-high purity 5
gases, It is I ncreasingly necessay to anal yze : sequentially
various ki nds of ses using the sane zer, such
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case, the voiy Lko%i@é %ﬁ:‘l@%”o? h%;l{a%"% %ecibhgg%éd orifice is,

for the sane ups réam pres appr oxi S greater than
the fl ow In order not to contaminate the gas to be

analyzed, calibrated orifices are used for regulating the

15 gas flow rate, these orifices being mounted in a line for

delivering gas to the analyzer. In the sonic regime, in

which the pressure upstream of the orifice is at least

twice as high as the pressure downstream of the orifice,

~ controlling the pressure upstream of the orifice enables

20 the flow of gas into the delivery line to be controlled
within a certain range.

Nevertheless, regulating a gas flow using a
calibrated orifice poses a problem in the case in which
the gases to be analyzed have substantially different

25 molar masses, such as, for example, hydrogen and nitrogen,
since the volume flow rate is, for the same upstream
pressure, proportional to M , where M is the molar mass of
the gas.

In this case, the volume flow rate of hydrogen

30 through a calibrated orifice is, for the same upstreanm
pressure, approximately four times greater than the flow
rate of nitrogen.

A large variation in the pressure upstream of
the orifice in order to obtain the optimum flow rate is in

35 most cases not possible for technical reasons. Either the
plant cannot withstand the high pressure necessary for
obtaining the same optimum flow rate for a gas of greater
molar mass, in the case in which the orifice is designed



rate of nitrogen. ' A large variation in the pressure upstream

of the orifice in order to obtain the optimumflowrate is in 35 nost
cases not possible for technical reasons. Either the pl ant cannot

wi t hstand the high pressure necessary for obtai ning the sane opti nmum
flowrate for a gas of greater nmol ar mass, in the case in which the
orifice is designed 2 .2 for an
optimumflow rate of a gas having a | ow nol ar nass, or, inthe opposite
case, the necessary upstream pressure is so low that sonic conditions,
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lead to transient regimes during which any surface in
contact with the gas is 1likely to desorb and adsorb -
molecules, a process likely to modify the composition of

15 the gases flowing in the lines.

A problem, similar to the one raised above,
occurs for dilution units used with gases of substantially
different molar mass. -

A device designed for the feed of an analyzer

20 having very high sensitivity is known from document FR-A-
2714968 in the name of the Applicant Company. This device
includes means for splitting an overall flow of a source

" of pure gas in order to feed various stages of a dilution
unit with a precise partial flow. This flow splitting is
- 25 produced using two bypassed lines connected in parallel to
a line for sampling the pure gas. A calibrated orifice is
placed at the inlet of each bypassed line and a flow
regulator is placed in the sampling line in order to
impose the overall flow rate feeding the dilution unit.

30 With an imposed volume flow rate, the pressure
upstream of the orifice is proportional to Mf*, where M is
the molar mass of the gas flowing through the restriction.
It is therefore understood that, at an imposed volume flow
rate, the upstream pressure in the case of a light gas

35 such as hydrogen is approximately four times lower than
that in the case of nitrogen.

If the orifices for the flow splitting are
therefore designed fdr a gas of high molar mass, it is no



of pure gas in order to feed various stages of a dilution unit with a
precise partial flow This flow splitting is 25 produced using two
bypassed |ines connected in parallel to a line for sanpling the pure
gas. A calibrated orifice is pl aced at the inlet of each bypassed |ine
and a flow regulator is placed in the sanpling line in order to

| npose the overall flowrate feeding thg dilution unit. 30 Wth
an i nposed volune flow rate, the pressure upstream of the orifice is
proportional to Merr], where Mis the nolar nass of the gas flow ng.
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having substantially different molar masses and which does
not lead to significant transient flow-rate or pressure
regimes in the lines.
15 For this purpose, the subject of the invention
is a device for regulating the flow of gases having
substantially different molar masses, comprising an
always-open feed line connécted, on the one hand, to a
known source of pressurized gas and, on the other hand, to
20 an apparatus, and a first calibrated restriction placed in
the feed 1line, characterized in that it furthermore
comprises, on the one hand, a bypass line connected via at
least one of its ends to a valve of the branching valve or
4-way valve type, placed in the feed line, and wvia the
25 other end to a point of connection to the feed line, said
valve being switchable between a first position for
bringing the feed line into communication with the bypass
line and a second position for isolating the bypass 1line
from the feed line and, on the other hand, a second
30 calibrated restriction placed in the bypass 1line, the
first calibrated restriction being placed on the feed line
portion 1lying between the valve and the point of
connection.
The device according to the invention may
35 include one or more of the following characteristics:
a) the second calibrated restriction is placed
close to the downstream end of the bypass line;



not lead to significant transient flowrate or pressure reginmes in the

lines. 15 For this purpose, the subject of the invention Is a
device for regulating the flow of gases having substantially different
nol ar masses, conprising an al ways-open feed |line connected, on the
one hand, to a known source of pressurized gas and, on the other hand,
to 20 an apparatus, and a first calibrated restriction placed in- t he
feed line, characterized in that it furthernore conprises, on the one
hand, a bypass |ine connected via at | east one of its ends to a val ve

of the branching val ve) orthe cdlilwatel veesypictiprxedren ¢akithmeked i ne,
and via the 23¢9t.pgt end to a point of connection to the feed I|ne said
val ve bei ng sw tchabl e between_a first :{)OSI tion for brin t he feed
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Cc) the val vemaysask i semied hiehé /1 lenkage way",ypaa, additliphal ahllhmtleamstream
end of the ynassddidn,(dYOSHiERBter of which is slightly greater
: than that of the first and second restrictions, thus
making it possible to maintain a small leakage flow in
this line. '
15 The detailed operation of such a configuration
will be described later within the context of the figures;
' d) the wvalve used is of +the branching wvalve
type, lying at the upstream point of connection or at the
downstream point of connection of the bypass line to the
20 feed 1line, the first calibrated restriction then 1lying,
depending on the case, upstream or downstream of the
valve; . |
e) two branching valves are used, one at each
point of connection of the bypass line to the feed line,
25 the first calibrated restriction then 1lying on the feed
line portion between the two valves;
f) the branching valve comprises a first conduit
permanently connected via a first end to the bypass line,
a second conduit placed in the feed line, and an actuator
30 which can be switched between a position for bringing the
first conduit into communication with the second conduit
and a position for isolating the first conduit from the
second conduit, the second conduit being free of flow-
stagnation volumes; ‘
3s g) the second conduit of the valve includes a
chamber in which the second end of the first conduit
emerges and the valve includes a closure element which is
acted upon by the actuator of the valve, which closure



"5 poi nt of connection between the feed and bypass |ines), the first

calibrated restriction then lying on the feed | ine portion between the
upstream poi nt of connection of t he bypass line and the val ve, upstream
of this valve. It i s then advant ageous to place on the "fourth” way,
which 10 may be termed the "l eakage way", an additional calibrated
restriction, the dianeter of which is slgghtly greater than that of the
first and second restrictions, thus making it possible to naintain a
smal | | eakage flow in this line. 15 The detail ed operation of
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val ve i ncl udemeaactuatbavrber in which the second end of the fi rst condwt
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switching of 'the actuator etween said communicating and

15 isolating positions.
other characteristics and advantages of the

invention will appear from the following description given

by way of example but having limiting character, with

regard to the appended drawings in which: _

20 Figure 1 is a general diagram of a plant for
delivering, to an apparatus, either a gas to be analyzed
or a pure gas, or else a gas charged with a predetermined
quantity of impurities;

Figure 2 is a sectional view along the 1line

25 II/II in Figure 3 of a branching valve of the regulating
device in Figure 1 as well as of a valve of a purification
unit in Figure 1, in the isolating position;

Figure 3 is a sectional view, along the 1line
III/III in Figure 2, of the same valve in the
30 communicating position; ' _
Figure 4A is a sectional view, along the 1line
IV/IV in Figure 2, of the valve in the isolating position;
Figure 4B is a sectional view, along the line
IV/IV in Figure 2, of the valve in the communicating

35 position;

Figures 5A, 5B and 5C illustrate embodiments of
the regulating device according to the invention;
Figure 6 is a diagram of a dilution stage.
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5 el ement closes off, in said isolating position, the end of t he
first conduit energing in said chanber and which is set back with
respect to this end of the first conduit in sai d comuni cating position;
5 h) the end of the first conduit energing in said chanber is
provided with a seal projecting into the chanber, the closure el enent
conprises an elastically def or mabl e di_aphragm form ng part of the wall
of the chanber opposite the seal, thesdiaphragn1being pressed in 10 a
seal ed manner onto the seal against the spring force of t he di aphragm

in said isolating posi tﬂﬁur y asp,gage O‘Ila"t"h 1 hPoi‘C&é‘?{\ﬁérmg [gas, to
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15 a gas to be analyzed. Furthermore, this plant must control
the parameters relating to the introduction of the gas
into the analyzer 3, such as the pressure and flow rate.

In addition, this plant must allow the
successive use of various kinds of gas to be analyzed.

20 For this purpose, a source 5 of a pressurized
gas to be analyzed is connected via a sampling line 6 to
the gas delivery plant 1. This source 5 comprises, for
- example, a single .source of one kind of gas to be
analyzed, or several pressurized sources of various kinds

25 of gases, each connected via a sempling line to a device
intended to deliver any one of several gases to an
apparatus, such as the device described in French Patent
Application No. FR-960756096 filed in the name of the
Applicant Company on June 18, 1996. ,

30 The sampling line 6 is connected, on the one
hand, to an analyzing line 7 and on the other hand, to a
feed line 8 of a device 9 for delivering a pure gas or a
gas charged with a predetermined quantity of gaseous'

impurities.
35 The analyzing line 7 and an outlet line 10 of
the delivery device 9 are each connected to a

corresponding inlet line 11, 12 of a selection device 13
in order to deliver to the apparatus 3 either the gas
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the regul ating device according to the invention; Figure 6 is
a diagramof a dilution stage. 6
Figure 1 shows a plant 1 for delivering gas to an apparatus 3 such as,
for exanple, an apparatus for analyzing trace inpurities in a gas, of

t he at nospheric- pressure ionization nmass spectroneter. Such an.
analyzer 3 5 is capable of neasuring tyace inpurities in a gas at very

| ow concentrations of between 10[err] to [sic] 10[err] ppm or i ndeed
from10[err] to 10[err] ppm As will be explained in det ai

her ei nbel owgontRifed PiAEne landi§izing’ ianet‘i’ oi’ héhe ga2RRARIUDY3 the
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pl ant  nust successive pse of rious kén s of gas to be
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unit being controlled by means of a mass flow regulator 18

placed in the feed line 8.

15 It is observed that the purification unit is

advantageously downstream of the flow regulation.

The diluting means 16 include means 19 of
splitting the gas flow output by the purification unit 17,
which means feed several dilution stages 20, 21, 22 placed

20 in series.

A branch 23 of the flow-splitting means 19
includes a device 14B for regulating a predetermined
upstream gas pressure for  gases having substantially
different molar masses, the structure of this device 14B

25 being identical to that of the regqulating device 14A.

The structure and operation of the various units

of the gas delivery plant 1 will be described in detail

hereinbelow.
I. evice o e atin e low of ses
30 avin ubstantial d erent molar masses.

I.1. Structure of the requlating device -

The regulating device 14A is placed in the
analyzing 1line 7. Placed upstream of this regulating
device 14A is a pressure gauge 25 for determining the

35 pressure upstream of the regulating device 14A.

The regulating device 14A includes, for the
embodiment shown, (other embodiments will indeed be
illustrated within the context of Figures 5) a calibrated



épparatus, such as the device described in French Patent Appl i cation

No. FR-960756096 filed in the nanme of the Appl i cant Conpany on June 18,
1996. 30 The sanpling line 6 is connected, on the one hand,
to an analyzing line 7 and on the other hand, to a feed line 8 of a
device 9 for delivering a pure gas or a gas charged with a
predeterm ned quantity of gaseous i mpurities. 35 The
analyzing line 7 and an outlet line 10 of® the delivery device 9
are each connected to a corresponding inlet line 11, 12 of a
gg'sect'on AoV &Sedibtion '8 O 8L LRafig1e VS dalshige2RP ?Jg‘gﬁgg’ Saapen the

anal yzi ng | i nkn 7the anmlypingodtimet 73y Plhced upstresm [dMmdhe) axfifiice @2livery
device 9. is a brancHirlf V%é%bé“&% E&bwheﬁﬁhaféﬂﬂaﬁhéﬁ t RPN AfAS

flow for gase e subst nt| | fferent nol ar
masses, is plg%e‘gag’}? Zé%ng‘giz e??% e pse ot %prss +Fée03é‘1l very device
9 conprises a source othp!Jreralve gas, eomprises 15 offirgtur idandmi&nd 3Beans
16 of diluti Ngernandiely MBUinddiat Vid ondWeia 085 tHenbafls! fiflenad.

manner . e source oOf ure gas consists, onh the on

of the sourcels &PCERE € t GOmRx v ?ﬂﬂﬂ'(ﬂ%waysﬁﬂﬂﬁnofﬁgﬂuﬁﬁnas of a
unit 17 for pwhiélyiisg pl&cqﬁﬂino&hpuanalyztngtﬂmnesaurce 5, the flow of gas

f eedi ng the purlflcatuq%e cSﬁa&EtC99t59é|%ﬁebﬁeﬁﬁﬁasdgkdﬁéga%% flow

regul at or | aced 1 n the feed | ne served
thgt t he b‘E‘Jrl PEcibeoVante 29 shay 5d\P§RP85503§F9 &&WP?SQHB? PHe am ow

regul ati on. actuator 37, as will be explained in detail hereinbelow,
which can switch between a position for bringing the first:
conduit 33 into communication with the second conduit 35
and a position for isolating the first conduit 33 from the
15 second conduit 35. The bypass line 31 is connected via its
other end 39, downstream of the orifice 27, to the
analyzing line 7.
A second calibrated orifice 41 is advantageously
placed in the bypass line 31, as close as possible to the
20 end 39 of the 1latter. Thus, a flow-stagnation wvolume,
formed in the isolating position of the two conduits 33
and 35'by that part of the bypass line 31 1lying between
the orifice 41 and the end 39, is as small as possible.
The structure of the regulating device 14B for
25 this embodiment is identical to that of the device 14A.
This is why the identical elements bear the same reference
numbers.
This device thus includes a first orifice 27
placed in a feed line 85 for a pure gas output by the
30 purification unit 17. Placed in this 1line 85 is a
_.branching valve 29 identical to that of the device 14A.
Connected to the conduit 33 of the wvalve 29 is one end of
a bypass line 91. The other end of this line 91 is joined
downstream of the orifice 27 to the feed 1line 85. A
35 calibrated orifice 41 is placed as close as possible to
the end 92 via which the bypass line 91 is joined to the
feed line 85.



The diluting neans 16 include neans 19 of splitting the gas fl ow out put
. by the purification unit 17, whi ch neans feed several dilution stages
20, 21, 22 placed 20 in series. A branch 23 of the
flowsplitting neans 19 includes a device 14B for regulating a
pr edet er m ned upstream gas pressure for gases having
substantially di fferent nolar nasses, e structure of this device 14B
25 being identical to that of the regul ating device 14A. The
structure and operation of the various units of the gas delivery plant

1 will be described in detaj| Etrucb.ﬁi-@i nggl OyV. braqchin% valvk: ofeVipe for
regul ating the flow of gases avi ng substanttally erent nol ar
masses. requlating dewigess ;e of the regul ating device -

The regulating device zﬂxﬂAemhd:nmdr&ce&ampme piethe vadwey20ngikted in

Pl aced upstrea re.d 5
for determni ngkﬁ% ngﬁlée%?&ééi%s? ream o%’ﬁehlﬁeiﬁjlﬁﬁﬁ%&gvﬁge@é}iﬁ

The regul atitg BE‘V’?E@’& Suchesa R 1vene °f Wifhosit g°p?;}|’cﬁ/m“ PaPher
enbodi ments wi kipej ndiseﬁorbexamplel Gensivest efkrom tahlvalmee maxkiedetl bk Eheur es

5) a calibrated +He0 | &4 br at ed
orifice, pl acedcomp?ﬂyt %P%%a n%ln{]%%]k?ﬁgﬁi;é’&‘ﬁ tt{? Eo’ﬁ?rae ?Gﬂ?gi orifice
27 i s a branching val \/%52951“%’1’?0 ng; Bigresat # c AN %rr&ﬁﬁdeﬁ Ve py?o

dashes, for theineladésva bedyobla bppebichitie 3firsk conduit 33Tlemd tdleve
29 conprisgg Qecggéskon%ﬁ@u'tis dfe madf®’ TRENYukeC AL 0sY | @n@NGreNd

to the bypass 1 ne
actuator 37, shown in part, which is screwed onto the body

51 by means of a nut 53.
The second conduit 35 (Fig. 2) is formed by two
conduit sections 55 and 57 and by an axisymmetric annular
15 chamber 59. Emerging in a lateral part of the bottom of
this chamber 59 is one 554, 57A of the two ends of each
conduit section 55, 57. : _
The other end, 55B, 57B of each conduit section
55, 57 emerges in a respective lateral connector 56 on the
20 body 51. These ends 55B and 57B are diametrically opposed.
The two connectors 56 are intended to be connected to the
analyzing line 7, with regard to the regulating device 14A
and to the feed line 85, with regard to the regulating
device 14B.
25 The chamber $9 is formed by a substantially
cylindricai recess 61, made in the upper face of the bédy
51, and by the closure member 52. This closure member
itself consists of a combination of <two diaphragms 63
joined together, these diaphragms covering the recess 61
30 and constituting the upper wall of the chamber 59.
The diaphragms 63 are made of an elastically
deformable material, for example metal. Each diaphragm 63
is a disc, the central part of which is domed in a
direction away from the body 51. The edge of the
35 diaphragms 63 is clamped in a sealed manner between the -
| annular edge of the recess 61 and an annular edge of a
holding piece 67 which forms part of the actuator 37. The



It furthernore conprises a second, always-open conduit 35 which is

pl aced in the analyzing line 7. The first conduit 33 and the
second conduit 35 10 of the valve 29 may be brought into comrunication by
an actuator 37, as will be explained in detail hereinbel ow, whi ch
can switch between a position for bringing the first conduit 33 into

communi cation with the second conduit 35 and a position for isolating
the first conduit 33 fromthe 15 second &8nduit 35. The bypass line 31 is
connected via its ot her end 39 domnstreanlof the orifice 27, to the

analyzing line,7. %, calib ateg,oglflce 41 i s

advant ageous| §iece §7 &y Pafe hé"b §s Qrm, Lizqa ddsp) 50, 3% hBsHPY 1o
the 20 end 39movemént |ef tive dbmed, part | of\-theagriaphvagms| 631, fornmed in
the isolating position ﬂ{ ig)se éé/}g._r%qn ﬂ._s Sﬁpomténﬁxéﬁi grmsp%r:,t of

t he bypass I|ne 31 lX E 41 and the,en g

smal |~ as posstB plece GThéng %?u?engd?h€°F%gﬁ?a§Pny Sblée 14B
for 25 this epbsﬂenehl disivere iy @akodo72 haf tife Rictudtorca? 1 slidelhis is

why the identical el erraﬂt@ téﬁd%@ﬁeﬁeafrﬁﬂ&evalve Wﬂ?’eeg

Thi s devi ce thys ncI In a ne 85

e
for a pure ga§gBH§§uF Qi?hﬁ §éiﬂﬁ FPFE VﬁgcﬁnﬁfgﬁvgsFP%E@EF#*FQHﬂ?%“ i ne.
85 is a br &oc tiheg axils; cdeSinederity cthe t end$a55Bf BWB ofvithe lebhduit

Connect ed 0 LRergBAdULS, 337 0f addiey \abiectlnysagle P90uRich erelieing. | i ne

91. The other nd of this TJhe bglne downstream of the orifice 27
to the fedf | §§ntﬁF3% cﬁﬁ?tﬁ%ﬁﬁﬁﬁ rfice 41 is placed as close as
possible to t he endoB8e em@, WSAh afthdheyfizst| cond@ilt i 33 jenemybst drt he

feed line 85. 3 respective lateral connector 64 on the body 51 and is
intended to be connected to the bypass line 31 in the case
of the device 14A or to the bypass line 91 in the case of

15 the device 14B.

The end of the duct 73 emerging in the recess 61
includes a cylindrical seal 75 which is forcibly fitted
into the body 51 of the valve and which projects into the
chamber 59.

20 Figures 2 and 4A show the valve 29 in the
position for isolating the first conduit 33 from the
second conduit 35. In such a case, the central part of the
diaphragms 63 is pressed in a sealed manner by the pusher
71 onto the seal 75 so that the duct 73 is isolated from

25 the chamber 59.

Nevertheless, a gas introduced into the second
conduit 35 of the valve flows freely, for example from the
conduit section 55 into the chamber 59 and then into the
conduit section 57, as shown by the arrows 79 in Figure

30 4A. It is clear that the second conduit 35 of the valve
thus formed has no flow-stagnation volume.

Figure 3 and Figure 4B correspond to a position
for bringing the first conduit 33 into communication with
the second conduit 35. In such a case, the pusher 71 is

35 set back. The diaphragms 63 resume their initial domed
shape by virtue of their spring force. Consequently, a
free space is formed between the diaphragms 63 and the
seal 75 so that the gas flowing in the second conduit 35



g . |.2. Structure of a branching valve of the regul ati ng
devi ces: An enbodi mnent exanple of the valve 29 fitted in

‘the regul ating devices 14A and 14B is described in detail 5 hereinbel ow
Such a valve, of the electropolished DAD type, is for exanple derived
froma val ve marketed by the conpany NUPRO and manufactured by the
conpany SWAGELOK. As shown in Figures 2 and 3, the valve 29
i ncludes a body 51, in which the firstironduit 33 and the 10 second
conduit 35 are made, a closure nenber 52 and an actuator 37, shown in
part, which is screwed onto the body 51 by neans of a nut 53.

' The second Ebomisii awa®s largely)vias ther dagtby 3t umto theofdust seotindhs 55 and

57 and by af3 axd$VeHBW iy ¥NBUARFow® 81CHaPeGuPE- 4TEIging in a lateral
part of the bottom of LA stgharr(t))terthSQ I s one. 55A, 57A of the two ends

of each conduit Secti Spekation of the requlatingidevige: .q 558 57B

of each conduit sect i®he °per5$:10570§nbhgesetjuiaxmmﬁices Laner akB
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opposed. congect ors 56, are i.ntende o, be_connected to the

he {wo d
anal yzi ng IFﬂgSYP“W‘ﬁF'r gregating °§[si Hyllebe tistianguishedy (o he
feed line 85, with rekmral firstheopergtingi ngde, thizprassite wWsetream

The chanbeps BRe féﬁﬁmﬁ]%vi%esﬁﬁsiﬁgééé&|%d the W1 ratd wugeess 61,
made in the_upper_ face of d 51,

eb nd by the cl osure_ nemnber 52.
This cl osur BenerfRiroximately, ¢ %b%si §aleof °xéon%?’ﬁati‘6ﬁs?ﬁ‘ t W&V 9phr agns
63 10i neubsbamrtimlly t @bftertrdp maigns massesi. nThillse aperatingl mdde and

consti t ut i Ngol-PEspEmES wlﬁ@fdéﬂ%ecpaﬁbsiaéga in the analyzinyﬁng]i%aphragns

63 are nade_of an elastically defornable material, for ex e netal .

Each di aphragm 63 is a disc, the central part of which is doned in a
direction away from t¥m bodecdehd Treraddegofmodiee 3Iheali gadir 30w Gaties
clanped in gpsepbefl G NEHe PELYREAEINE deviddNikarinpddeaofarddiei£eqess 61
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mode corresponds to that produced by the regulating device
14B.
I.3.1. Imposed pressure operation:
For a light gas, such as hydrogen for example,
20 the valve 29 of the regulating device 14A is switched into
the position for isolating the first conduit 33 from the
second conduit 35. ‘The gas from the source S5 flows freely
in the analyzing line 7 through the second conduit 35 and
‘the orifice 27. In the case of a flow in sonic reginme,
25 that is to say in the case in which the ratio between the
pressure upétream of the orifice 27 and the pressure
downstream of this orifice is greater than 2, it is known
that the volume flow rate D;; of the gas through the
orifice 27 is equal to:
30 Diy = KXP X Sgg x M2
where;
P = pressure upstream of the orifice 27,
Sp7 = cross section of the orifice 27,
M = molar mass of the gas flowing through the orifice, and
35 K = constant which depends on the temperature and nature
of the gases.
By virtue of the fact that the conduit 35 of the
valve 29 has no flow-staqnation volume and that the



10 " piece 67 is made in the formof a dish so as to allow novenent

.of the doned part of the di aphragns 63. ' ' Inits central part,
opposite the diaphragns 63, t he hol di ng pi ece 67 includes a guide bore
69 in which a 5 pusher 71 driven by a rod 72 of the actuator 37 can slide.
The first conduit 33 of the valve 29 conprises a single straight blind
hol e, whi ch extends perpendicularly to the axis defined by the ends
55B, 57B of the conduit sections 55, 52 and a connecting duct 73 which
energes at 10 the center of the recess 61. : One end, 33A, of
the first conduit 33 energes in a respective |ateral connector 64 on
the body 51 andorifice @t @fddde dprassonking el t st RdapgPasiosen&o3 then

t he case of ehlie 3dewrC&hi4A1ahel, Othae rbyﬁassmq n@evilcd M4AeiwsRiiesl5

t he devi ce 14B. 3 e g he eeess
61 i ncl udes ®B¥y| |ahdrf’83f‘1%£be]fe 75fwﬁ %@ @i’folrogl bﬁw‘? LReb i Nt t he
body 51 of the wnpl¥zing Mineh7prs) ddes porid-iome for kﬁﬂalr?&é-ﬂ%giheﬂflrs*—

Figures 2 agd %ndﬁmﬁwbathﬁowéﬂw sed%ndi Bondliit 35 oFoxhel ealter isolating

he f d 33 f
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sed1n
pusher 71 omst.h@%l3575N:sofP¥1an?H91%Iucf°173tF‘& |S§619atl§’if-ﬁ’st“6'm 2'9‘9the
chanber 59. flow rate OIMRIGHERSSorERS 27t £ALLE epropéikt 1dim196C Oty

S ERL e
shown. by théOarrtoKm 99513%: Fifgar cegmmplen ip; the cicage (9t Meheandbclad to
conduit 35 of thgptrdxifately one quarter of the flow rate obtained in the
case of Hz. In this case, in order to maintain the flow
rate delivered by the analyzing line 7 at approximately
the same level as the flow rate of a gas of low molar
15 mass, the valve 29 is switched to the state for bringing
the first conduit 33 into communication with the second
conduit 35. The gas then flows not only through the
orifice 27 but also into the bypass line 31 through the
orifice 41. ' .
20 To the flow rate D37 is then added, at the
connection of the analyzing line 7 and the bypass line 31,
the flow rate Dy; which is given, in sonic regime, by the
equation:
Dy = K x P x Sg3 x M ¥
25 The nomenclature used is analogous to that used
for the flow rate Djz7.

In order for the flow rate controlled by the
regulating device 14A to be approximately equal in the
case of two gases having respectively a molar mass M; and

30 M;, the cross section 843 of the orifice 41 is chosen in
such a way that it satisfies the equation:
Sa1 = (M4, /Mp") x Sy9) - S27
where M; is the molar mass of a gas having a high molar
mass, and '

as

35 Mz is the molar mass of a gas having a low molar mass.
Preferably, the cross section S;; of the orifice
41 is chosen in such a way that the flow rate of Hy in the
isolating state of the valve 29 is comparable to the flow



"t hus forned has no flow stagnation vol une. Figure 3 and
Figure 4B correspond to a position for bringing the first conduit 33
into conmuni cation with t he second conduit 35. In such a case, the
pusher 71 is 35 set back. The diaphragns 63 resune their initial domed
shape by virtue of their spring force. Consequently, a free space is
formed between the di aphragns 63 and the seal 75 so that the gas
flowng in the second conduit 35 13 flows away largely via
the duct 73 into the first conduit 33, as shown by the arrows 81 in
Fi gure 4B. |.3. Operation of the regulating device:

The oper ati onaté oficNg diwiosghn§hdeor tEicel 28 andBthe oxif bogpl4l rad the

her ei nbel oW Wohtuh £85% thd GtEt@ o2 theFP&1ve 2d.hi s purpose, two operating

nmet hods wi Il be distingul shed. In a fir operating node, the
pressure upstream ngf3 tdre reJUPSERAGEIRNTRAYS ?pieﬁﬁggg‘d' and the flow rate
must be approxi neflels opématigwnmodef mf theo regqusddng ldevice HE

befL ané igll weglﬁ%iefsnt%iﬁ%ﬁ% haa§§e|§n {H?iétr ORd aﬂ'&g YRS upst &l %%Ponds
sgcong o;e)\élr g?Pﬁg ﬂ’g%afaettir@ng&?%'fgg\?v i/silt g%pdsggps?'?%a}#‘of vhigh, ot s Rga
device is inpesegsany itto i establilslsi medsomiesregineh ar seni medt-esanircegi ne.
This operati pggime B‘Bﬂefi%ﬁféz?sﬁhﬂﬁﬁgo Jrl1@lcBE Pdmean &y, tf@rréﬂﬁr@tejﬂg
devi ce 14B. .3, L. | nposed pressure operati on:
For a |ight &E ses ofh the h%?‘tSa%?F’?*cFri"@x ng 3 Phe Sagvé?g JFatige
regul ati hg dupstreanAdfs the t regulating device 14B is imposed by the
flow regulator 18.

' It will be understood here that the "sonic"
regime is preferred and that the fact of departing too far
therefrom quite simply makes it difficult to calculate the

15 flow distribution. It is therefore a question of finding a
ratio of the upstream and ‘downstream flow rates 1ying
between 1.5 and 30.

In order to explain the imposed-~flow-rate
operation, it will be assumed that only the regulating

20 device 14B alone placed (sic] in the feed line 85, as was
described with retjard to the device 14A. In the case in
which the device 14B is placed in the flow- splitting
means 19, the reasoning presented above applies
correspondingly. '

25 " With a volume flow rate imposed, the pressure
upstream of the orifice 27 in the isolating position of
the valve 29 is given by the equation: '

P =K' % Dijg x M’i x 833-1
with:

30 Djg = volume flow rate imposed by the flow regulator 18,

K* = a constant which depends on the nature of the gas and
on the temperature, |
S,7 = the cross section of the orifice 27.

.The cross section of the orifice 27 Iis

35 dimensioned in such a way that, for a light gas such as Hj,
sonic conditions are attained upstream of the orifice 27.

In the case of a gas, such as Nz, having a high
molar mass, the pressure upstream of the orifice 27, for



t he position for isolating the first conduit 33 fromthe second conduit

. 35. The gas fromthe source 5 flows freely in the analyzing line 7
t hrough the second conduit 35 and the orifice 27. In the case of a fl ow
in sonic regine, 25 that is to say in the case in which the ratio between
t he pressure upstreamof the orifice 27 and the pressure downst ream
of this orifice is greater than 2, it is known that the volunme flow
rate D27 of the gas through the orifiad 27 is equal to: 30 Dierr] =K
x P x S[err] x Merr] wher e; P = pressure upstream of the orifice
27, S[err] = cross section of the orifice 27, Merr] = nol ar nass

of the gas flotheg sameufhow hzate; f iise apmrexiBately Efonst drimeshi steat@yends

on the tenperaldémpazed Ro! ¥he upstPbahfréasifife obtained in theBlcadd tdse of
the fact that ?_pe conduit 35 of the val ve 29 has no fl ow stagnation
vol ume and t hat 2t he 12

orifice 41 of the bypassThise i1 vhy plfbeed"ﬂzllmezﬁo igheswitchadi 89 dthe his
line, the regulgtated téeVibkdngdfgi thé OFLERS conduit! B3 dAntBegbimdhiication

fl ow stagnation .. yoluyne _ int the. . nalyzing_line 7 in the positjon
for T ol ot ng_ MHEH S sethd ehddusr 381 E B chen) A1bve" R0 on

val ve. through (the corificef2d hut BAsPnEharoyghatte mytifiice 4imss,
such as ‘N2 for mhefdesulre upBeréafitoP Qs Wrd tlike 27 ahlover ehe shipugh the

ol ar masses. of ﬁés"%3“%*3%%5!%2?@%%@2561_?5?’? "n' the case of Merr] and.
Herr], td0 P =K' Xx Dig x x (S27 + 841)
- with:
S41 = cross section of the orifice 41.
J In order for the pfessure upstream of the
reqgulating device 14B to attain sonic conditions for two

15 gases of different molar mass, the cross section S;; of the
orifice 41 is chosen in such a way that it satisfies the
equation - -

841 = ((Mf’/l‘Iz!’) X 827) - S27
vhere _

20 M; is the molar mass of a gas of high molar mass and M, is
the molar mass of a gas having a low molar mass;

~ Of course, instead of the orifices 27 and 41 it
is possible to use any calibrated restrictions, such as,
for example, capillaries, or frits.

25 Moreover, provision may be made to use diaphragm
valves 29 which .include means for driving the actuator 37
between the communicating and isolating positions, such as
pneumatic valves or electromagnetically-operated valves.
The means for controlling the movement of the actuator of

30 the valve are then connected to a control unit, such as a
microcomputer or a controller, for example. '

Figures 5A, SB and SC illustrate other
embodiments of the regulating devices 14A and 14B.
The first two embodiments employ a valve of the

35 branching valve type, the last embodiment (Figure 5C)

' employing a valve of the "4-way" type. '

Thus, considering the example in the Figure 53,
the valve 29, which is a branching valve, lies at the
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approximately one quarter of the flow rate obtained in the case of
Herr]. In this case, in order to maintain the flow rate delivered by
the analyzing line 7 at approxi mately the sane level as the flow rate
of a gas of low nmolar 15 nmss, the valve 29 is switched to the state for
bri ngi ng the first conduit 33 into comunication with the second
conduit 35. The gas then flows not only through the orifice 27
but also into the bypass line 31 throud® the orifice 41. 20

To the flow rate D27 is then added, at the connection of the
analyzing line 7 and the bypass I|ne 31, t he fIOM/rate D41 which is

gi ven, in sOpStreay RB’-“Ey°fh§°"“e°%%RRat9%nthe bypgss jine B 4o ythg orr] x
l\/[err] 25 feed line Thetnenemzhatwmhmédl Tesbeliogbon 2D, tmctngusad

for the fl O"\éﬂeatf%ela[ %.rﬁm]e Bf)rtlon between | g %'?I.(/ef 8ha' Bfef h?%y equal in

controlled by t at1ng device 1 be apprOX|na
t he casé"{ﬁm’t vt g&?ﬁgeﬁ'é%‘hg°Fe§B§ctl?KPéls§ dinfartherafayeer 1yingd 30
Merr], ®Bhe dowistreaamt bﬁntﬁervdlxm‘. the orifice 41 is chosen in such a

way that it satisfiesyth S ] r X
Slerr]) - S[err] A\%/ngrg err re 5&? t%lirsr 111(1&% éaé éts%a%n%\%; a high
nol ar ideh 'M”éfg: Fh§9m3I1§F ﬂﬁs?‘ﬁf d&“’ﬁﬁ?‘ﬂ%l Reint| ow

nmol ar nass. of connectlon ofr eher bppyss t hiner 35S toettheotee@l Ning he, orifice

41 i's chosenym ggfggaambweaat *Fes%%‘ﬁié’l\{.l 29, Hoyiy 1B tne haghating

state of the val I's conparable to't
13- 10 1line portion between the upstream po:mt of connection of

the bypass line and the valve, therefore lying upstream of
this valve. N
As indicated earlier, although Figures SA and 5B
illustrate embodiments which employ only one branching
15  valve, according to other embodiments of the invention it
would also be possible to place two branching valves, one
at the upstream point of connection and one at the
downstream point of connection of the bypass line to the
main line.

20 Figure 5C illustrates ‘a case in wvwhich a 4-way
valve 402 is used, said valve here lying at the downstream
point of connection of the bypass line 31 to the feed line
7, the first calibrated restriction 27 1lying upstream of
this valve.

25 It will be noted that this figure illustrates an
advantageous embodiment of the invention in which, on a
fourth way 400, which may be termed a "leakage way", is
placed an additional calibrated restriction (the diameter
of which is much smaller than that of the restrictions 27

30 and 41) making it possible to maintain a small 1leakage
flow in this line, for example one lying within the range
1 to 100 cm’/min.

The operation of <this configuration (which is
characterized in that in none of the branches is there no

35 flow) may therefore be described in the following manner:

- when the valve is closed, the flow rate in
the main line is limited by the restriction 27 while the
flow rate in the line 31/400 is limited by the two



raté of NJerr] through the orifice 27 and the orifice 41 in the

.communi cating state of the valve 29. . 3. 2.

| nposed-fl owrate operation: Thi s operating node of the

regul ating device is 5 beneficial in the case in which the flowrate

upst ream of the regulating device is inposed and in which it is
necessary to establish a sonic regine or a near-sonic - regine for-
flowregulating orifices, such as, for exal e, t hose of the
flowspli-tting neans 19. The gas flow rate 10 upstream of the regulating
device 14B is inposed by the, rowreguIator It will
be understood MR&SEricgdpns; hin 'sexies: 41 ang rréois ARd ethegegnyet hiR t he

fact of departipmactdeef essentiahby iy dhequiesersctpdry qomakges it difficult to
calculate the 15 flow di stribyflgn. ,L',h IS JN&Ef orlg a gggﬁt ionepl fipgding a
m

rati o of the upstream and downstrea ow rates %/ between 1.5 and
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In the case I n
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splitting neansand 1 g the; hgrestrd &§6ﬁPng41vpr thatve imppthis
cor r espondi ngl ycalXulation it iW thecessarynetd | subtltﬁietl repes eceryt he;nall
ressure ]&gf? i ng position o
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Slerr] Mt h: 30 D[err]'— Depice dox,, delivering PUre, o sgadat or
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cross section of I one

that, for a |ight RPE® s®AF aShAyged wilh @ cprefetermingd guantidy of
upstream of thegagedueimpurities, namely the tperifimatiior @ebt swghtas

Mertl, havigd golidl or 1HBhALefBFS1s " Bfa PEAS SHEESPEE B3 Mdlhut Ry ObhL! o
’ impurities in the pure gas in a predetermined manner, are
presented in detail hereinbelow.

II.1. Purification unit:
IT.1.1.  structure of the purification unit
20 The purification unit 17 comprises an inlet line

160 and a 1line 162 for delivering a pure gas, between
which are placed in parallel three purifiers 164, 166,
168, such as, for example, a nitrogen purlfler, a hydrogen
purifier and an argon purifier.

25 The inlet of each purifier is Jjoined via a
branching wvalve 170, 172, 174 to the inlet line 160. The
outlet of each purifier 164, 166, 168 is connected to the
delivery line 162 of the purification unit 17 by means of
a valve 176, 178, 180 for supplying the circuit with the

30 purified gas. : '

. The valves 170 to 180 are identical to the
valves 29 of the regulating devices 14A, 14B.

" Thus, each branching wvalve 170, 172, 174, as
well as each valve 176, 178, 180 for supplying the circuit

35 with .-the purified gas, comprises a first conduit 33
permanently connected at one end to a corresponding
purifier 164, 166, 168. The second conduits 35 of the
branching'valves 170, 172, 174 are placed in the inlet



the sane flowrate, is approximately four tinmes greater

- _(I:_Ti(%rrpared to the upstream pressure obtained in the case of Herr].
. This is why the valve 29 is switched to the 5 state for bringing the first
conduit 33 into conmunication with the second conduit 35. The gas then
flows not only through the orifice 27 but also through the orifice 41.
The. pressure upstreamof the orifice 27,and of the orifice 41 is given
by the equation 10 P = K "x Dlerr] x kferr] X (S[err] + S[err])[err]
Wi t h: S[err] = cross section of the orifice 41. I n order

for the presgie i'?@t r eRE QEcbhe condtiﬁﬁ&”ﬁ '6‘9 Ry 951\1&5 i’i’aat §3n sonic
conditions for tgvo ses Q:i‘ ’e'Pt gft(}tﬁ: Mass, crosS_secfion
S[err] of tnht®° I()r?‘f‘? cﬁ&g‘éﬁ e[ﬁé? RresRIRCPes the
equati on iy the ]dali(\(em[yerln}ibl\/}ezr] ) X S[err]) - S[ err] where 20
Merr] is the nolar rmﬁ:% OEe@againef 1'%'09h1émlz:éﬁm9@§e°d anaoM;@éfJaxA Sog  the

nol ar nmass o ng .a |l ow ur se,

i nstead OFf t o?gf‘f%e’suﬂ e ?l‘rfzﬁ iinel 182)5in vhieh (?"ufé"egﬁ?tcépﬁbrat ed
restricti onsfosuctreating & orpressupke, dropi | |sudles asor o ricadibated

Moreover, prguigiod, "BY Paddade to use d| aphragm val ves 29 which
i ncl ude means for drivi ng the_actuyator bet ween the communi cati ng and

i sol ating positions, stith qutlet ﬂﬁ@ﬁnﬂtﬁlz {8, goungrted, at the end
el ect r omagnebppasite ofbeatdilutbiingesneans T6g reansn f assochdted | paggkhe

H‘;:’f”egh:lé(ﬁf aglﬂge a‘iﬁb'aiﬂr wﬁficﬁgant Qfeﬁ(%ﬁ%’ﬁfqﬁ ﬁztéﬂlﬂgo%ngﬁie%%ukg aregntrol
Fi gures 5A 18858“‘%??10*‘5 Fca "htlaﬁgflr%’f’enceut I‘Té'?r pl ced.

The purge lines 182 and 186 come together into a

common purge 1line 190 downstream of the calibrated
. orifices 184 and 188.
15 IT.1.2. Operation of the purification unit

Depending on the kind of gas which is output by
the source 5, the inlet valve 170 of the purifier 164
associated with this gas and the valve 176 of the
corresponding outlet are, for example, switched to the

20 state for bringing the «conduits 33 and 35 into

' communication with each other. The gas to be analyzed from
the source 5 flows freely through the purifier 164, which
purifies this gas. The other valves 172, 174, 178 and 180
are in the isolating state.

25 If the nature of the gas output by the pressure
"source 5 is changed, the valves 170, 176, which hitherto
were open, are switched to the isolating state and the
valves associated with another purifier are switched to
the communicating state.

30 . By virtue of the construction of the valves 170
to 180 and by virtue of the restrictions allowing a
leakage flow, the feed line 160 and the outlet line 162
are continuously purged. This purification unit 23
furthermore has the advantage that it can ‘be used with

35 various kinds of gases to be purified and that it is
virtually free of flow-stagnation volumes.

Advantageously, in order to switch the valves,
diaphragm valves " are used which include means for



enbodi ments of the regulating devices 14A and 14B. The first
two enbodi nents enploy a valve of the 35 branching valve type, the |ast

enbodi ment (Figure 50 enpl oying a valve of the "4-way" type.

Thus, considering the exanple in the Figure 5A, ~the valve 29, which is
a branchlng valve, lies at the . 15
upstream poi nt of connection of the bypass line 31 to the feed line 7,
the first calibrated restriction 27, |ythg on the feed line portion

bet ween the val ve and the dovvnstream poi nt of connecti on. of the bypass
line, therefore lying 5 ownstre mof t hi va regards
Fi gure 5B, t‘l‘ﬁ’%t’?‘%lh‘g'tgr af'gg Sptebipg of ha?ﬁ‘éa'b‘?rdnaﬁtﬂﬁeVal \'7%929 lies

at the downstowmmipmitiing andf iseluidotg qrosiitiones,bypeds as npnéﬁmamd: he feed"

line 7, dhe Jlleakoﬁaahéeﬁémf%te&heaaowa%esl ng cas%%qe l'ine
portlon betmee up str an1 Ql-nt connectlon of ass |ne and
the val ve, tHeA o%@rl i F‘ga movemgnts for  the actuator of As

i ndicate® eaeaq:tervaatreh(nx@ comneated Aand Sidntroli Itlmrstt,r aseckntasdi aent s
whi ch enpl oyy Ma{cdﬂ’tﬁxé&ans? grw 13gi¥a UntRAGAET Bor ! Gaftliile . CTBREL MENT S

of the invention it 0sSi ble to place t L Ng
val ves, one contrgl t“ﬁlﬁ ‘é%??)o?‘ﬁf ‘8‘? ing nirghg O'Re%ﬁﬁi‘ ohaesg fmgic

downst r eam poeams ohreommﬂu@d,offqmeebgmbs | bye & ocomputer pebgranne. 20
Figure 5C iliysdédt e%.n%ocas'Ehé” \watscamﬁuw whitR Vee:tided useﬂ sai d

Y?ln\ée?,ge)[(g ![ﬁclésnggé)dlirt{]mee ovmséwro purJ.f:LEOI n beO{ngC Onsnl(?ncutllt:%rr]:egusg.;e l%pass
communication with the feed line 160 and the outlet line
l62.

o II.2. The source of impurities

The source of impurities 15 <comprises a

15 reservoir containing a mixture of various kinds of gases
such as, for example, N, CO;, CO, O3, CHy, Hy;, Ar, Kr, Xe,
He, etc. This mixture has been produced in such a way that
the volume concentrations of most of the gases in this
nixture are of the same order of magnitude.

20 For safety reasons, the concentration of an
inert gas, such as helium for example, is chosen to be
much higher than the volume concentration of all the other
constituents of the mixture. By virtue of such a
composition of the mixture, oxidants, such as 05 or CO, may

25 coexist together with fuels, such as CH4, for example,
without their being a risk of the reservoir 15 catching
fire or exploding.

In order to know accurately, after dilution, the
contents of the trace impurities in the pure gas, the

30 composition of the mixture in the reservoir 15 has been
accurately determined beforehand using gas analysis means,
such as a gas chromatograph for example. The reservoir 15
may, for example, be a bottle under a high pressure
(typ:.cally 200 bar).

35 The gases in the mixture are 'sampled or
introduced into the diluting means 16 wvia a sampling line
204 into which a downstream pressure regulator 205 is
placed. The sampling line 204 emerges in an associated



7, ‘the first calibrated restriction 27 | yi ng upstream of this valve. 25

.It wll be noted that this figure illustrates an advant ageous

enbodi ment of the invention in which, on a fourth way 400, which may be
terned a "l eakage way", is pl aced an additional calibrated restriction
(the dianeter of which is much smaller than that of the restrictions 27
30 and 41) nmaking it possible to nmaintain a small | eakage flowin this
line, for exanple one lying within the rand® 1 to 100 cnjerr]/mn.

The operation of this configuration (which is characterized in that in

none of the branches is there no 35 flow) may therefore be described in the
fol | owi ng mannePurge line 206 in whighea, shitoff) yalve 20%sand ameelemspt ate

in t he mai n flornereatingi acpréysudwe dregi,r istichoas2d vhllibrated orifidmwv
rate in the |ingg3l/40Q giaéé&nted by the two
16 restrlctloﬁs I n

erres, 41 and 401, and therefore in practice
essentially by the resthr%n 401?&_&%_;%@%@&

is open, sthdmg anheio

co_m‘runl cation with 5 eac? g_tgﬂ I,Q*ewua% rl%t (th ﬁigﬁér@és én ne ﬁ

bei ng the sum of the owra rrction ' 27
and the restriths dipang 19 k‘h%vxf toing € eh flcqw ©of puxg | gas afedbivered s

necessary to sub;tyr aelhetlﬁeeaermdedz at lthekagelkkows atke t pusiigiicdbion
o o o oot evanit, 17 and. on T SRl HlGld, VEAERS 81RUELoR SeERRY 950,

with a predeterm ned % gaseous |
various uni 28 of21t'he2%jelﬂ%%e *’brs%’r?‘iﬁer‘} eress“‘-”e gage 86 is placed in

the line 162 upstream of the splitting means.

The splitting means 19 comprise the regulating
device 14B and two lines 209, 210, said regulating device
and said lines being connected in parallel with the feed

15 1line 162. A calibrated restriction 211, 212, such as a
calibrated orifice, is placed in each line 209, 210.

The line from the regulating device 14B as well
as the lines 209 and 210 with their respective orifices
211, 212 each form a branch for feeding a corresponding

20 dilution stage 20, 21, 22, with pure gas.

The operation of such flow-splitting means is
described in detail in document FR-A-2714968 in the nane
of the Applicant Company. This is why this operation will
not be described hereinbelow.

25 Figure 5 ([sic] shows an example of a dilution
stage 20, 21 or 22. A dilution stage 20, 21 or 22
comprises a pure gas feed 1line 230, connected to a
corresponding branch of the splitting means 19, and an
impurity-containing gas feed line 232.

30 A mass flow regulator 234 is placed in the feed
line 232 so as to enable the degree of dilution of the
dilution stage to be varied.

The feed lines 230 and 232 are joined together
in such a way that they emerge in a common mixing line

35 236. The line 236 emerges, on the one hand, in an outlet
237 of the dilution stage. This outlet 1line 237 is
connected to the feed 1line 232 of the dilution stage
placed just downstream.



a pure -gas charged with a predeterm ned quantity of gaseous inpurities,
- nanely the purification unit 17, the 15 source of inpurities 15 and the

means 16 of diluting the impurities in the pure gas in a predeterm ned
manner, are presented in detail hereinbel ow [, 1. '
Purification unit: " 11.1.1, Structure of the purification
unit 20 The purification unit 17 conprises an intet |ine- 160
and a line 162 for delivering a pure gas, 2Bet ween whi ch are placed in
parallel three purifiers 164, 166, 168, such as, for exanple, a
nitrogen purifier, a hydrogen purifier and an argon purifier. 25

The - inlet of each puridn ethe jQthenhard,jin fhe cage pfhithg WHiludieno,
172, 174 to thetagest20i araldd, #he diluttidn atinef 288Clispwonhieetedb4o 166,
168 is connect dgli ygr:yal in pyrifi og,Hnit. 17
by neans of Sgléé%a sﬁeﬁé? ?58%1%8 Taoﬁoa;c%zp;ﬁq{ﬁs%g?tehgeélhpgg% \%ﬁphl he 30
purified gas. placed. The preggurgapfc3 baph m¥essige xegulpfert ipalonet o

t he valy esd2Pueion hetdgwuisitdety it suehSalddy dddk, on the one hanBl)us,

each branching_val v . 174, we eagh.valyve 176, ,178, 180
for supplying ?ﬁg cﬁ?zf%gueloﬁaé%% Wlil:{lﬁ %%’élc pﬁ?i##%gé“sgas%?’r glc")trlrig)r i‘g’g‘éut]igg’
first conduitmeans arepsatifsEaedyapdanont dheqother hand,o thec anesswnedi ng
purifier 164, g€, i£6%&1ifht1ychdgtieeOrbdht £hd5 pebsklife setbhiandhien®pasK ves

170 % e PEpeRHEEEeblbts ifoea in b hastin atagn aquiptrean. g
for suppl y*Pg SRea8i Feuersure (Fhate ther gages Hlew Yoward the amalyrexnid. very
line 162. The feed line 232 of the dilution stage 20 is
joined, downstream of the pressure regulator 205 and
upstream of the shutoff valve 207, to the sampling 1line
204.
15 The outlet line 237 of the final dilution stage
22 emerges in the outlet line 10 of the delivery device 9,
downstream of the regulating device 14B.
The flows at the inlet of each dilution stage
are set in such a way that a dilution of approximately
20 1/1000 of the gas output by the line 232 in the pure gas
output by the line 230 is obtained.
Of course, the "zero" impurity quantity is also
a predetermined quantity of trace impurities which the
device has to deliver to the analyzer 3. This is why the
25 feed line 232 of the final dilution stage 22 includes a
~bypass line 242 in which a mass flow regulator 244 is
placed.

The outlet 1line 10 of the delivery device 9
outputs a pure gas in the case in which the regulator 244
30 is set to a flow rate greater than that of the regulator
234 of the dilution stage 22 and it outputs a pure gas
charged with a predetermined quantity of trace impurities
in the case in which the flow rate controlled by the
regulator 244 is less than that of the regulator 234.
35 The impurity H;0 1is generated here by a
permeation cartridge 250 outputting approximately
250 ng/min and connected as a branch off the pure gas line
230 of the second dilution stage 21.



e feed line 160 is connected, downstreamof 5 the valve 174, to a purge
182 in which an el enent 184 for creating a pressure drop, such as
i brated orifice, is placed. The outlet line 162 is
somnected, at the end ~ opposite the diluting neans 16, to an associated
“purge 10 line 186 in which an elenent for creating a pressure drop 188,
such as a calibrated orifice, is pl aced2 The purge lines 182
and 186 come together into a comon burge i ne 190 downstream of the
~calibrated orifices 184 and 188. 15 1. 1. 2. Oper ati on of
~the purification unit,_, . . ' n ' a ich is
out put by t he sou?géSS,petrﬁlgaFﬁ?gfe\%g %/S&i Océﬁ?ﬁé]gﬁ%?ﬁggﬁ?%ﬁg
associ at ed ¥Q h Shi § ghsiahd anfe darludeye @t tmRBe endor esPdhdraneout | et
are, for examgisrar@Vithtbldht ehidle e HbakbledWle dififiglesy the conduits

33 and 35 into (o] jcatli i of h h as e,.anal yzed
from the source SIfctI OW/SM r gél %t\#rdougrﬁaqichgﬁ%)uﬁaﬁtg?s?g4 co\t/'?ﬁ'ld(t:)hbe
purifies & hielaged qnethbenhdiirgh itage7 for) @ highennpexmeation graten the

i sol ating stgh&.péi¥meation ratel beili§ ERosérE 8 deirrate @ut BHé bynéhg
pressure

source 5 j ed, t | v 70, 17 whi gh _hitherto
wer e open, a?%m'éﬁc’f cf?&ﬁﬁt‘.’o%ri? E‘g i €9 Qﬁ.}ang tat é“gna‘}ﬁﬁ%“s %\l}lgw'égles
associ at ed vibresentotaferthigr level of diljtiemed to t he communi cati ng
state. 30 - B%VI‘&Bl@ uer Ofbéiwcoﬁﬁb?flptiﬁﬂrOf at hq:Me\kte&miﬁed th 0
180 and by yir coOf t trjcti QW cakage w, the
feed |i g]é&)mﬁo%%%f ]émbu{gfetlé ﬁ?i #gglé@q&urgarlg‘ %%’nti@%%%ﬂ% l?/: %%_f géh.g Thi s
purificati onexamples 20f manufagiarieor efhats PHECadiAdht ahargedt withcap be
used W: It h ?5pi¥éd?'@?i|&niﬁéw5qﬁnﬁ%§e%ff erhée piuapnitﬁsiewdvﬂﬂa% ikl output .
virtually frege t.ag ion Vo : . . Advant ageaqusly, in
order to sw gghq?ﬁe %'\é#@%@, %}'\e gﬁ"ap%fg%ﬁ\e vdaﬁl\}(‘a'gryar%ev’lfseedg' vv%’?‘(?ﬁe
i ncl ude neagxamples being made in one case with hydrogen as the pure

15 gas and in one case with nitrogen as the pure gas.



control | i ng the switching of the actuator between the communi cati ng

and isolating positions, such as pneunatic or ‘ :

el ectromagnetical l y-operated val ves for exanple. The means for
controlling the novenent for the actuator of 5 each valve are connected to
a control unit, such as a m croconputer or a logic controller for
exanple. This control unit includes switching |ogic nmeans. These | ogic
means are produced, for exanple, by a co®Buter program | oaded | into

the mcroconmputer which excludes the 10 possibility of two
purifiers being sinultaneously in comuni cation with the feed |ine
160 and the outlet line 162 : L 2 The saource of

inpurities |Impurities | Thémp6®iltith ch:on'lt(:aﬁﬁf&t%&s d&:cemm‘athﬁﬂé a 15
reservoir coptaining a njxtur vari pus Ki of g ses such as, for
exanpl e, N[ei'r] CJerr]} Elfq?’&'rr]' :H[errf]nq.}’lg![ err], fle:he Xe, He,
etc. This m}ture has be rf%ﬁ%’d’@é-é’dlnn sHBBURitaSs ¢ hat mpu!tlﬁée$®| ume
concentrationps of nost of theveases in|tiM,Spure gast ir avaparef ghbe [sane

order of magnitud 20 ~For |saf t r aso S, t goncentration

1T Ao LA ] ullT Al b7\u‘llpl , CTTUOC mJCh

hi gher than tihe vdiaune cancentr‘-:'étlon of _all the ot her 1. Gbr@btuents of
the mxture) Bypynyvirtup of euch aj = ocfgmypd tign of the mxture,

oxi dants, sudqi™as ETTI|or CO_may 25| COexI St Togeyter W I fuefs|, such
as CHerr], _ A% hout {heiP- i sk1af2tPRP ogler voir
15 cat chi ng fige or gxpl odisy. 0.20 ppd N drden.6D ppiowW
accurately, g 'E,ErCSqUt' N, th g , CO ten{)sz@f he tracciukgp tieg in the
pure gas, thg-3 conposttron—or—the—mpxttfe ||| re—resetr-vot been
accurately de_t_e,[_nﬁﬁd betorehar®® usi nglgasOa@BRk s reand-62 ppkuchl as a
gas chromat ograph f&r expnple. sgghe resgrvop|2dpb may, 1f @s gyBnpl B, be a
bottl e under @ Nnrgn pressure (typi al‘[x 200 %ar) 35 The
gases in tHe—mXiure #plad 1.62 ppb

He 55% 2.19 ppb 17.85 ppb

Hy0 permeation 0.81 ppb 1.58 ppb

cartridge
Table 1
5 By virtue of the fact that the initial

composition of the reservoir 15 has been accurately
determined beforehand and that these impurities are
diluted in a very precise manner, a pure gas containing a
precisely known concentration of trace impurities is

10 obtained.

_ In addition, using the flowmeters 234 in the
feed line 232 of each dilution stage 20, 21, 22, it is
possible to Qary the range of concentrations of the trace
impurities by a factor of 100.

15 By virtue of the fact that the reservoir 15
contains a mixture of several gases, this constitutes
trace impurities in various pure gases. Together with the
purification unit 17, the generation of a pure gas charged
with predetermined quantities of given trace impurities is

20 therefore considerably facilitated by this device.

III. Device £ selec one of the two gases:



I ntroduced into the diluting neans 16 via a sanpling |ine 204 into

whi ch a downstream pressure regulator 205 is . placed. The sanpling |ine
204 energes in an associ ated 19
purge line 206 in which a shutoff valve 207 and an el enent for creating
a pressure drop, such as a calibrated orifice 208, are placed.

. 3. The nmeans of diluting the gaseous 5 inpurity in the pure gas
in a predeterm ned manner 2Bhe diluting neans 16 conprise, on

t he one hand,

the means 19 of splitting the flow of pure gas delivered

by the feed I|ne 162 at the outlet of the purification unit 17 and, on

t he ot her hand,

t hr ee®8i Pagi shreadyydeeyo desgribed, rbhe) devire N cfors.

A

pressure gag;el&&tnagploméecbf nthe thbegiasae toRprises camooffddd Bihdd ting

mean an l.se '

deV|2e 14B andi%&fl%ﬁ%sagobhasgg qgél Iatllnﬁ J%gfgégggkg%%%ggﬁid

| i nes bei ng ckt 8d | khgaothezy Wivh "t%et %e‘EP‘?L t|ikae 189 of e brat ed
restrictson délivergldevicehgas a calibrated orifice, is placed in each
I 209, 210. he . t I 148

m;PF as the lipes 38 éﬁﬁxzﬁ&dﬂu {{ﬁg}rgggégg% ?&% orgggéggt gil
212 each fomWegerhied R0 rardii A92a e eL9RshdlABeS0 11gi avdi 3R s2Ege 20,

21, 22, wit h:q)ure@t@as together by meansg hef opecahneethig Suidie f @4 Sphétting

nmeans i s

of the Appli cant q%o hl?le‘?’%fo? |1s§ %@%ﬂépéﬁﬁ on %%1%&'“ 3 r\?1["‘{1%"3

.descri bd@ h&fas Jd()?"'Y2515‘-"‘e 306. The peptdet [of tharamalvrerexhnplecof a

dilution

15

20

25

30

emerges in an associated purge line 308. The purge lines
300 and 308 each include a mass flow regulator 310, 312. A
back pressure regulator 314 is placed in the purge 1line
302. . |

In order to deliver the gas coptained in the
line 11 to the analyzer 3, the sum of the flow rates Dijq +
D312 controlled by the flow regulators 310 and 312 is set
to a flow rate which is less than the flow rate Dj; of the
flow output by the 1line 11. In order to deliver a
calibration gas, that is to say either a pure gas or a gas
charged with a predetermined quantity of impurities, to
the analyzer 3, the flow rate D3;0 of the flow regulator
310 is set so that it is greater than the flow rate D;; of
the flow coming from the line 11, and the flow rate D335
controlled by the regulator 312 is set so that it is
slightly less than the gas flow rate D32 in the line 12.
The pressure of the gas introduced into the analyzer 3 is
controlled by the back pressure regulator 314 placed in
the purge line 302. '

Advantageously, by means of such an arrangement,
it is possible not.only to select, for delivery to the
analyzer 3, the gas to be analyzed or the calibration gas,

but it is also possible to control parameters relating to

35

the introduction of the gases into the analyzer 3, such as
the flow rate and the pressure.

By virtue of the fact that a smaller number of
regqulating components is used compared with the device
described in the French Patent Application FR-A-2714968,



st age 20,'21 or 22. A dilution stage 20, 21 or 22 conprises a pure gas

feed line 230, connected to a correspondi ng branch of the splitting
means 19, and an " inpurity-containing gas feed line 232. 30 A
mass flow regulator 234 is placed in the feed line 232 so as to enable
t he degree of dilution of the dilution stage to be varied.

The feed lines 230 and 232 are joi ned together in such a way that they
emerge in a common nmixing line 35 236. The 44 ne 236 energes, on the one
hand, in an outl et 237 of- the dilution stage. This outlet line 237 is
connected to theth@ed ddslte S Qpd h% Iut| on stage pl aced | ust N
downst r eam add is considepibly redu ce On

the other hand, in {fdon, oay ”Fﬁ’é‘%lpntl dm  theSt 3ff5He20 r];d In
di lution |ine 235°PE°ReRkECRddot menns truy Ognline, 238 i 3 ciréatiming
pressure regul at 8¢canécy sand réli%q_q_ The pressure 18t an bmregﬁmsﬂﬁe the
regulator in one 5 dilution stage |s ge? |?P%uﬁﬂPa§ama; shat, on the one

hand, and preferably, the sonic conditions for the diIuting nmeans
are satisfied and, on the other hand, the pressure set is slightly

hi gher than the pressure set in the back pressure regul ator placed in a
dilution stage downstream 10 so as to ensure that the gases flow toward

t he anal yzer 3. The feed line 232 of the dilution stage 20 is
j oi ned, downstream of the pressure regul ator 205 and upstream of the

. shutoff valve 207, to the sanpling |line 204. 15 The out | et
line 237 of the final dilution stage _



22 energes in the outlet line 10 of the delivery device 9, downstream
of the regul ating device 14B The flows at the inlet of each

dilution W such a way that a dilution of approximtely
20 1/1000 of the ‘ by the line 232 in the pure gas out put by
the line 21(‘“\“ m mr\m\““ Of course, the "zero" inpurity

quantity is Ao wa -pr etiet er ni ned quazrg%_ity of trace inpurities which the
device has tb deliver to the analyzer 3.°°This is why the 25 feed |line 232

of the final dilution stage 22 includes a bypass line 242 in which a
mass flow regulator 244 is placed.c IMS The outlet line 10 of
the delivery device 9 outputs a p In the case in which the

regul ator 244-30 is sBevieeafproxepulatingathe €AW fatgases neayingl at or
234 of the digubisitantihdl¢ 2AiFTdrehtOUMRIEE a Ma¥sesyas comprddmged ath a

Plow rate comVanpoably”epstne (U7 BbF cannecthd orf e | thd higna o
regul at or 5234:0 38 gas sourcerhat defiinedy pnqssurpo and, gandihgt egthélere by
a  perneatisd@, & !rdrigeappd@tusoul(pylti aga appEe¥sEat ehYibratedO
ggé o 3?&?%%%%?%%&351? 375" B18ELa" NenPUERe 9%Fedd "C1ine 27; Ofs%{l‘,e
Thi s per neat idheragteriiggd ionthahsitiafertharmore compyisesc ¢nithe apne
ij_nfc:c udes, at mia,erd bypassl !lfilﬁae(31,;)[@11ﬁ)r@gﬁléd%"eaU§'ﬁ?V\’_ai:Cﬂ!e£B€ gﬁgeapgl ecul e
p: acgzez% 0t heifTsl rts ° setnéigsta eflgora a‘pﬁ‘;g&hé’?d t%‘?ntgggggﬁiﬁét {é%‘ggg ??#:;e ?)’ér?ﬁaat I on
rate bei ng chservalyegd4dRat YPa, t Bta¢edelm the feed line (7; 85), and
via the other end to a point of connection to the feed
line, said wvalve (29) being switchable between a first
position for bringing the feed 1line (7; 85) into
15 communication with the bypass line (31; 91) and a second
position for isolating the bypass line (31; 91) from the
feed 1line (7; 85), and, on the other hand, a second
calibrated restriction (41) placed in the bypass line (31;
91), the first calibrated restriction being placed on the
20 feed line portion lying between the valve and the point of
connection. _
2. Device according to Claim 1, characterized in
that it includes two branching valves lying respectively
at the upstream point of connection and at the downstream
25 point of connection of the bypass line to the feed line.
3. Device according to Claim 1, characterized in
that the valve used is a branching valve 1lying at the
upstream point of connection of the bypass line to the
feed 1line, the first calibrated restriction then being
30 placed on the feed line portion lying between the valve
and the downstream point of connection of the bypass line,
downstream of the valve. _
4. Device according to Claim 1, characterized in
that the valve used is a branching valve 1lying at the
35 downstream point of connection of the bypass line to the
feed line, the first calibrated restriction then being
placed on the feed line portion lying between the upstream



content equivalent to that of the gaseous inpufitiés present at thls

. level of dilution. : Table 1 below shows, for a
predeterm ned 10 conposition of the gas mxture in the reservoir 15, two
exanpl es of manufacture of a pure gas charged with a pr edet er m ned
gquantity of trace inpurities which is output by the outlet line 10 of
the delivery device 9, these exanpl es £ ing made in one case with
hydrogen as the pure 15 gas and in one caSe with nitrogen as the pure gas.
22 I nmpurities Conposi tion Concentration Concentration
of the e SseLyqir
i mpuri ties, Oquth: ?f conne%ﬁ:i&:n of the bypass }{ a}@'[ eti’ﬂr ‘p’ﬁ%‘éegas
N err] pure gas“PS’~'—1’-"~’—<‘=\m °Q§F‘P] valve. 5o 0 20 ppb 1. 62 ppb
H2 59

Device accordingl.t? ppRim 1, chd¥acterized 1\5%

gptz)o ppb Cothat the vg}da‘ used 18 %5 Q:%e 4-way1Q’éQlepp\pype (40})

cq err] 5 5odying at the 2@owspstFream pogn@z ogplg:onnectloncpf ekhg bypasgo,
0. 20 ppb 1i®’ Pobthe feed XBine, the fi¥¥t calibrat@d2QeRRRiction
IZE|.e62 ppb 55@;4? being zlacgfée&o on thel7fe§§2 Ch%%b portlonHﬂ.gJ.Pﬁpgetween

per meat i on Otla ppstreanm pgig‘B ®5b connectlon of the kypasg dyine and
the valve, upstream of this valve.

10 6. ' Device according to Claim 5, characterized in
that on the fourth way (400) of the valve (402) has bheen
placed an additional calibrated restriction (401), the
‘diameter of which is much smaller than that of the first
(27) and second (41) restrictions, capable of permanently '

15 maintaining a small leakage flow in this fourth way.

7. Device according to one of Claims 1 to &6,
characterized in that the second calibrated restriction
(41) is placed close to the downstream end (39; 92) of the
bypass line (31; 91).

20 8. Device according to ohe of Claims 1 to 7,
characterized in that the calibrated restrictions (27, 41)
are calibrated orifices.

9. Device according to one of Claims 1 to 4,
characterized in that the branching valve or valves (29)

25 comprise(s) a first conduit (33) permanently connected via
a first end to the bypass line (31; 91), a second conduit
(35) placed in the feed line (7; 85), and an actuator (37)
which can be switched between a position for bringing the
first conduit (33) into communication with the second

30 conduit (35) and a position for isolating the first
conduit (33) from the second conduit (35), the second
conduit (35) being free of flow-stagnation volumes.

10. Device according to Claim 9, characterized in
that the second conduit (35) of the valve (29) includes a
- 35 chamber (59) in which the second end of the first conduit
(33) emerges and in that the valve (29) includes a closure
element (52) which is acted upon by the actuator (37) of
the valve, which closure element closes off, in said

* [ L H S *




Table 1 5 By virtue of the fact that the initia

. conposition of the reservoir 15 has been accurately det er m ned
bef orehand and that these inpurities are diluted in a very precise
manner, a pure gas containing a preci sely known concentration of trace
impurities is 10 obtained. In addition, using the flowreters
234 in the feed line 232 of each dilution stage 20, 21, 22, it is
possible to vary the range of concentrati oR8 of the trace - inmpurities by
a factor of 100. 15 By virtue of the fact that the reservoir 15
contains a m xture_of several gases, this constitutes trace inpurities

in various purel§adatingoqpasisiont itheeend ofir thecafingt ugondaft t(as)
generation of aenutglgg51ﬁh&hgadchamburthspredﬁaebﬁhaﬁdiEU%@Htﬁdak(ﬁlﬁﬂVen

trace inpuritiesgg g?egg ther ef pL eeﬁﬁns‘%tde{;_ggl *irgg_l Iconaéu%q__ b}/3§)hl indesva{l%e

[11. Device for ecti ng, one
23 °°mﬂ§“hﬁ§ bP?eﬂRﬁFQiagn descrlbed t he device 13 for

sel ecting ong oftithe two Devhse Cacpsidiing t ¥e teain! i10gs chara%%erl%edorleh Of
oLt ey | SRR "B SRl iR, conbhf (a8 Tl ik e
11, 12 energes FHaBPPESKER)i d& Providedewitinea 3seahn (730 2prajectiowl intes
11 and 12 are +the chamber (59) and in that the closure element (52).
comprises an elastically deformable diaphragm (63) forming

10 part of the wall of the chamber (59) opposite the seal,
the diaphragm being pressed in a sealed manner ohto the
seal (75) against the spring force of the diaphragm, in
said isolating position, by a pusher (71) of the actuator
(37) . ' _ '

15 12. Device according to one of Claims 9 to 11,
characterized in that the valve (29) includes means for
controlling the switching of the actuator (37) between
said communicating and isolating positions.

* c L M s *



connect ed t oget her by neans of- a connect i ng’ | ine 304. The connecti ng
line 304 is connected to the anatiyzer:3.via a 10 gas delivery line 306.

The outlet of the analyzer 3 also = ‘energes-in an associated purge |ine

308. The purge lines 300 and 308 each include a nass fl ow regul ator

310, 312. A back pressure regulator 314 is placed in the purge |ine

302. 15 In order to deliver the gas contained in the line 11 -

to the analyzer 3, the sumof the flow rates D310 + D312 control |l ed by

the flow regulators 310 and 312 is set to a flowrate which is |ess

than the flow rate Dierr] of the flgﬂaoutput by the Iine 11. In order
~to deliver a 20 calibration gas, that i 0 say either a pure gas or a gas

charged with a predeterm ned quantity -of inpurities, to t he anal yzer 3,

the flowrate Dlerr] of the fl.ow regul ator 310 is set so that it is

greater than the flowrate Derr the flow comng fromthe line 11

of
and the flow rat e DEGICE mm&mwmﬁ HEHE JLOW QF SAFES PAYING o; 5o ¢t hat
it is - slightly less than the gas f i i ne 12. The
pressure of the gas i ntSURGEANTT t?ﬁ%e‘%ﬁ(yﬁ%ontrol |l ed by the

back pressure regulator 314 placed in the purge line 302. 30

Advant ageousl y, by neans of such an arrangenent, it is possible not
only to select, for delivery to the anal yzer 3, the gas to be analyzed
or the calibration gas, but it i sABEZRACB)ssible to control paraneters
relating to the introduction of the gases into the anal yzer 3, such as

o e ot rate and RS PSSy aam, e pe Atk Bed) shBE L

the device  gageschaviny iswbstantiaklh dififerenhppelan mafsesRCANPriLeS$3,
an always-open  feed line (7; 85) connected, on the one
hand, to a gas source°(5).at defined pressure and; on the
other hand, to an apparatus (3), and a first calibrated
restriction (27) placed in the feed 1line (7; 85). It
furthermore comprises, on the one hand, a bypass line (31;
91) connected via one of its ends to a valve of the
branching valve (29) or 4-way valve (402) type, placed in
the feed line (7; 85), and via the other end to a point of
connection to the feed line, and, on the other hand, a
second calibrated restriction (41) placed in the bypass
line (31; 91).

Application to the feed for an ionization mass

spectrometer.

Figure 1



24 the cost of the plant is consjderably reduced. In addition, a
.reduction in the nunber of regul at¥ing’ tohponents al so neans that there is
an increase in the accuracy and reliability of the apparatus 3.

25 CLAI M5 1. Device for regul ating

the fl ow of gases having substantially different nolar nasses,
conprising an al ways-open feed line (7; 85) connected, on the one hand,
5 to a gas source at defined pressure an ‘on the other hand, to an

apparatus (3), and a first calibrated restriction (27) placed in the

feed line (7; 85), characterized in that it furthernore conprises, on

t he one hand, a bypass line (31; 91) connected via at |east one of 10
its two ends to a valve of the branching valve (29) or 4- way val ve
(402) type, placed in the feed Iine (7; 85), and via the other end to a
poi nt of connection to the feed line, said valve (29) being swtchable
between a first position for bringing the feed Iline (7; 85)

into 15 communi cation wthythe bypass line (31; 91) and a second
position for isolating thelbypass Uine (31; 91) fromthe eed line (7;
85), and, on‘the qther ha a second calibrated restrivcton (41)

pl aced in the bypass |ine

1; 91), the firsL_caIibrat estriction
bei ng placed on the 20 | ¢ong, portion |ying begtween the ve and the
poi nt of connecti on. R Device acghrding to m1,
characterized in t hat des two branchf ng val ves |ying
respectively q{ -
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at the upstream point of connection and at the downstream 25 point of

" connection of the bypass line to the feed |ine. 3. Devi ce
according to Claim1l, characterized in that the valve used is a
branchi ng val ve lying at the upstream poi nt of connection of the bypass
line to the feed line, the first calibrated restriction then being 30
pl aced on the feed |ine portion |lying between the val ve and the
downst ream poi nt of connection of the bymags |ine, downst ream of the
val ve. 4 Devi ce according to O aiiy “ﬁaaacterized in t hat

the valve used is a branching valve |ying
connection of the bypass line to the
restriction then being ﬂa%edﬁnog he S

t he upstream n
| ﬁ\\ i

-}‘ &ownst r eam poi nt of

: \\., the first calibrated

(%t ion |ying between
NS 26 poi nt of

A\

N

connection of the bypass | g Q\ N C N2t pgam of the val ve.
5. ~ Devi cegaccor dij §§\:§\a\\\\:\\\§\\\\\\r ;'_' \\\z\\ v N that the val ue
used is of the Tiyay vq N DA '?i NN e downstream poi nt of

connection of the Dyga;

i e first caldprated
g ,” RNRPrtion Iyiﬁ{?_between
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15' mai ntaining a small | eakage flowin this fourth way. 7.

-Davice according to one of dainm 1 to 6, characterized in that
the second calibrated restriction (41) is placed close to the
downstream end (39; 92) of the bypass line (31, 91). 20 8.
Device according to one of Cdainms 1 to 7, characterized in that
the calibrated restrictions (27, 41) fe calibrated orifices. 9.
Device according to one of Cdainms 1 to 4, characterized in that
t he branching valve or valves (29) 25 conprise(s) a first conduit (33)
per manently connected via a first end to the bypass line (31; 91), a
second condui t (35) placed in the feed line (7; 85), and an actuator
(37) whi ch can be sw tched between a position r bringing the
first conduit (33) into comrunication mnth the secghd 30 conduit (35)
and a position for |solat|ng the fig cnduit (33) fromthe
second conduit (35), the Seﬁf condu t 35 belngsfree of
fl ow st agnati on vol unes. rdi %o G ai my
characterized in t hat he secdn naui 19 ol the valy@ (29)
I ncl udes a 35 chanber (P9 ¢ As€econd S ondui t
(33) enmerges and in th t Ve ] S | ement
(52) which is act upop. b a¢ tl ve, '
cl osure el enent csgées ums} \sat @A A= ] B?E
27 i sol ating posilEd e of ir | £33
enmerging in said chanbe ' se75b respect to
thls end of the first condU|t (éﬁ d j'cating position
7, '
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5 11. Devi ce according to Caim 10, characterized in t hat the
end of the first conduit (33) enmerging in said chanber (59) is provided
-with a seal (75) projecting into the chanmber (59) and in that the

cl osure elenent (52). conprises an el astically deformabl e di aphragm

(63) formng 10 part of the wall of the chanber (59) opposite the seal,

t he di aphragm bei ng pressed in a seal ed manner onto the seal - (75) ,
agai nst the spring force of the diaphragm in said isolating position,
by a pusher:(71) of the actuator (37). 234 12. - Device according
to one of Cainms 9 to 11, characterized in that the valve (29)

I ncl udes neans for controlling the switching of the actuator (37)

bet ween sai d connunicatSﬂg aq&,isolating posi tions.

29
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