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URAGAN-2M GAS MIXING SYSTEM
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Gas mixture system (GMS) was developed, created and installed at Uragan-2M (U-2M) device. GMS is based
on already known gas mixing method — successive puffing. It is implemented through successive puffing of several
gases from separate high pressure cylinders into working volume. A number of experiments were carried out to cre-
ate a HetH, gas mixture with different percentages. The results of measurements of the HetH, percentage in the
GMS and the U-2M vacuum chamber are in good agreement each to other. This system allows you to change the
pressure of the mixture in the U-2M chamber at a constant percentage of gases in the mixture.

PACS: 51.90.+r; 52.55.Hc

INTRODUCTION

For the functioning of thermonuclear devices, and
especially plasma experiment preparation and execu-
tion, different gases and gas mixtures are required. Gas-
es used in gas supply systems can be divided into two
big groups: working and conditioning gases. Gas puff-
ing and gas mixing system [l - 3] is a main part of a
fusion device. Wendelstein 7-X (W7-X) gas supply sys-
tem provides required gases and gas mixtures for all gas
consumers (gas puffing system, diagnostics, technical
components) during all working stages [1, 3]. Gas input
should work both with short plasma discharges that last-
ing several seconds and with long impulses that reach
30 min because of different scheduled W7-X regimes.

Similar system is required at Uragan-2M (U-2M) for
solving tasks of plasma creation and heating [4], and for
vacuum surface cleaning experiments [5, 6]. The gas
mixture preparation at U-2M went through several
stages in the past. The device vacuum chamber was
pumped out to the pressure of 3-107 Torr and the first
gas was puffed until certain pressure. Then the second
gas was added through another gas puffing channel,
which increased general pressure until required one. The
gas mixture pressure was maintained constant during
experimental work. The gas percentage ratio was deter-
mined through partial gas pressures measurements by
the mass-spectrometer.

Changing gas mixture pressure inside the chamber
required to repeat described steps from the beginning in
order to keep constant gas percentage. It was also im-
portant to maintain both gases flows constant during
experiment. Such gas mixing method required constant
mass-spectrometer control of gas percentage ratio inside
U-2M chamber. As a result, it took more than 30 min-
utes to change the working pressure of the gas mixture
in the chamber. Such situation couldn’t allow efficiently
change gas mixture pressure inside chamber during ex-
periments.

To achieve more flexibility in gas supply, the gas
mixture system (GMS) was developed, created and in-
stalled at U-2M device. This paper presents first results
of gas mixing system usage.
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1. URAGAN-2M VACUUM SYSTEM

Fig. 1 shows scheme of U-2M vacuum chamber.
The vacuum chamber has toroidal form with minor
radius =034 m, volume V,=3.879 m’ (excluding
vacuum ports), torus surface area $=22.819 m’. The
chamber has 48 ports, which are used for diagnostics,
working gas puffing and vacuum pumping. The
chamber was vacuum pumped with three turbo-
molecular pumps TMP-500 (see Fig. 1, TMP numbers
1, 2, 3) with pumping speed of 0.5 m’/s, through
cryogenic (N, liquid) traps. The vacuum chamber
general pressure was measured with vacuum ionization

manometers PMI-2, PMI-32-1, PTR-225S.
TMP 4

Mass
spectrometer

Additional gas
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2
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Fig. 1. The scheme of U-2M vacuum system.
TMP 1-4 denotes number turbo-molecular pumps

The partial gas pressure inside vacuum chamber was
measured with mass-spectrometer IPDO-2 (partial pres-
sure meter omegatron OPPM-2) based on omegatron tube
RMO-4S (resonant radio frequency mass spectrometer).
The mass spectrometer has an independent high-vacuum
pumping system (see Fig. 1, TMP number 4). IPDO-2 is
ion-resonance mass-spectrometer. Its principle of opera-
tion is based on ion-cyclotron resonance [7]. The sensitiv-
ity coefficient for nitrogen at electron current of 10 pA is
range (4...10)-10”7 A/Pa. The maximal working pressure
of RMO-4S is (1...4) -10° Pa, the minimal — 10”* Pa. The
precision of residual gases partial pressures measure-
ments without calibration is about 25% [8, 9]. The
mass-spectrometer calibration with a single pure gas
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allows to achieve 10% precision. The quantitative gas
mixtures analysis took into account dissociation frag-
ments and multiply charged ions according to the
method described in [10]. Retrieving the partial pressure
values requires solving linear equation system which
connects output mass-spectrometer signal and separate
components partial pressures of analysed gas mixtures.

The working gases were puffed into the U-2M vac-
uum chamber via gas puffing system SNA-2-01. The
two-channel gas puffing system SNA-2-01 is intended
for remote and controlled gas puff through two channels
in different vacuum devices. When feedback with a
vacuum meter is available SNA-2-01 allows maintain-
ing pressure automatically. SNA-2-01 consists from
two-positional inlet valve with piezoelectric actuator
connected to the control block. The maximal gas flow
(nitrogen) at atmospheric pressure is not less than
7-10% (m*-Pa)/s. The automatic mode maintains set
pressure level inside vacuum chamber acording to feed-
back from vacuum-meter. An additional impulse gas
puff system is also used at U-2M (see Fig. 1). The pulse
gas puff is made with piezovalve model PEV-1, manu-
factured by Key High Vacuum Products. The gas flow
can be adjusted up to 500 sccm.

Fig. 2 shows how the pressure inside vacuum cham-
ber varied during puffing and pumping systems work in
real time. High-purity (99.998%) nitrogen was used as
working gas. The pressure was measured with
PENNINGVAC transmitter PTR-225S, installed inside
the pumping branch (see Fig. 1, TMP number 3). The
range of this vacuum-meter measurements is from
0.75-10° to 0.75-107 Torr. The pressure measurement
results were saved with a system which is based on the
high-speed ADC modules L-CARD E-20-10 with
maximum acquisition frequency 10 MHz.

The vacuum chamber U-2M was preliminary
pumped to the pressure of P=4.7-107 Torr. Then, at the
moment of time ¢; (see Fig. 2) nitrogen puffed was
started up to the value P=1.5-10"* Torr (time #,). Within
five minutes, 5 different pressure values in the chamber
were adjusted (time ¢, 4, f5, t5 t7). The nitrogen puff
was stopped at the moment tg. The chamber pressure
returned to the initial value during = 90 s (see Fig. 2).
We should note that working gas pressure range is from
5-10° to 5-10™ Torr inside U-2M during experimental
campaign.

2. GAS MIXTURE SYSTEM

Gas mixture system (GMS) provides needed gases
and gas mixtures for most of the experiments at U-2M.
GMS prepares specified gas mixture composition rea-
sonable mixture components ratio precision. Such preci-
sion is achieved through keeping to all stages of gas
mixing with the method of sequential puffing [11, 12].

GMS consists from mixing chamber (MC), gas sup-
ply lines from gas-bottle, mixing chamber vacuum-
pumping system and measuring devices. The mixing
chamber (Figs. 3,4, MC) has volume of ~1.4-10° cm®
and is made from stainless steel. The gas supplies lines
are made from copper pipes with inner diameter of
6 mm. There are also gas reducers (see Figs. 3, 4,
VTI...VT10) and gas regulating valves KS 7153-05 (see
Figs. 3,4, V2...V7).
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Fig. 2. The pressure measurements inside U-2M
vacuum chamber during nitrogen puff (t; — start of puff;
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Fig. 4. GMS scheme

Working gases (H,, He, D,, Ny, Ar) are supplied to
the system from the high-pressure (150 atm, 50 1) gas
bottles (see Fig. 4). The vacuum-pumping system con-
sists of turbo-molecular pump TMP-500 (see Figs. 3, 4,
TMP), nitrogen trap TNF-32, fore-vacuum pump (see
Figs. 3, 4, FLP) 2NVR-5DM with the pumping speed of
5 l/s and measuring device VIT-3 (see Figs. 3, 4, PI).
The current pumping system allows to vacuum mixing
chamber and connected devices to the pressure of
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1-10” Torr. The mixing chamber was cut off with vac-
uum valve 15ng40p Ru40 (see Figs. 3, 4, V1). The over-
pressure and vacuum were indicated with gauge DA 05
(see Figs. 3, 4, P2) in the range of -100...500 kPa, it has
precision class 1.5. The MC gas pressure is measured
with pressure sensor PD-1-30 (see Figs. 3, 4, P3) in the
measuring range 0...1 MPa and output DC 4...20 mA,
with precision class 0.5. The PD-I-30 signal is sent to
the technological parameters indicator
MikRa IZ. The gas mix is puffed into U-2M through gas
puffing system SNA-2-01 (see Fig. 4, VF).

The gas mixing method consists of three stages. The
first stage is GMS vacuum pumping to the pressure of
1-107 Torr to eliminate the influence of the previous gas
mixture. The second stage is cyclic MC purging at least
three times with one of the mixture gases. The purging
is a successive gas puffing until certain pressure and
pumping the chamber. The third stage is a successive
puffing of gas mixture components until the needed
partial pressures ratio. Dalton law states that MC pres-
sure is equal to the sum of partial gas pressures of the
mixture:

DPs=p,tpy+...+tp, (1)
where py —the sum MC pressure, p, and p, —gas A

and B partial pressures in the MC; p,— gas i partial

pressure. This method advantage is only one needed gas
pressure gage that can have high enough precision [12].
The percent gas ratio (k4 or kp) in the mixture can be
determined through following expression:

ky=%1.100%, )
Ps
where p, = p, + p,. The utilized method is widely

used in laboratory routine [13, 14], while final mixture
composition is controlled with gas chromatographs. The
gas mixture at U-2M is controlled with mass-
spectrometer IPDO-2 after its puff into stellarator
chamber.

The gas mixture components concentrations equali-
zation time in the mixing chamber volume is determined
by the interdiffusion time. The diffusion time scale for
long cylindrical MC and two component gas mixture
can be estimated with the formula:

A2
T=—", 3
D, A3)
where D;, — two gases binary diffusion coefficient,
cm?s, A — diffusion length, cm, determined as:
A=L/r, 4)
where L — total system length, cm. The mixing chamber
length is L = 71.5 cm. Provided D;, for some gas mix-
tures [15] to estimate diffusion time in the MC. The
calculated results and coefficient D;, are listed in Ta-
ble 1. The table data shows that diffusion time varies
from several minutes to an hour depending on gas mix-
ture. So the time for gas mixing before puffing mixture
into U-2M should be about an hour.
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Table 1

Gases D5, cm?-s” [15] T, min

0°C 20°C 0°C 20°C
Ar-H, 0.698 1.228 12.4 7
Ar-He 0.645 1.088 13.4 7.9
Ar-N, 0.168 0.29 514 29.8
D,-H, 1.079 1.846 8 4.7
H,-He 1.32 2.255 6.5 3.8
H>-N, 0.686 1.162 12.6 7.4
He-N, 0.619 1.052 13.9 8.2

3. EXPERIMENTAL RESULTS
AN DISCUSSION

The experimental series was carried out to create gas
mixtures HetH, with different percentages. This gas
mixture was created for plasma experiments at U-2M.
The used hydrogen had 99.99% purity and helium —
99.995%. First, the needed percent ratio was calculated
with (2). Then this gases were puffed successfully be-
ginning from the one with higher percent ratio. The
mixing chamber pressure was controlled with pressure
sensor and indicating pressure gauge (see Figs. 3, 4, P2,
P3). The pressure sensor PD-1-30 measurements deter-
mined gas pressures. The gas percent ratios were calcu-
lated with (2) knowing their pressures. The measure-
ment results are listed in the Table 2. The calculated
according Table 1 time span was kept to equalize gas
mixture components concentration inside MC volume.
After that, SNA-2-01 gas puff system was used to set
needed for experiment mixture pressure inside U-2M
chamber (see Table 2). The percent He and H, ratio in
the mixture was determined through partial gas pres-
sures measurements inside U-2M  with mass-
spectrometer IPDO-2 (Table 2). The Table 2 clearly
shows that He-H, percent ratio measurement results
inside MC and U-2M vacuum chamber are well
matched. The small differences of percent ratios from
both methods result from errors of measurements. Note
that changing mixture pressure inside U-2M chamber
didn’t change percent gas ratio in the mixture. Therefore
this system allows to change mixture pressure inside U-
2M chamber keeping constant gases ratios in the mix-
ture. That is why this GMS was used for plasma crea-
tion and heating experiments at U-2M.

The stability of mixture puffing with set components
ratio is important for U-2M plasma creation and heating
experiments which can last 30...180 min. So the gas
composition was measured before and after plasma dis-
charges in strong magnetic fields (By~0.3...0.4 T). The
mass spectrum of residual atmosphere in U-2M cham-
ber was measured before experiment (Fig. 5, value 1).
Then HetH, gas mixture was puffed (percent ratio
88%He-12%H, inside MC) and partial pressures were
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measured in prepared gas mixture (percent ratio
87%He-13%H, inside U-2M chamber) with set experi-
mental pressure (seeFig. 5, value 2). The third meas-
urement of partial gas pressures inside the device was
made after 120 min experiment during gas mixture puff
(see Fig. 5, value 3). The percent ratio inside U-2M
chamber was 87.5%He-12.5%H,.

Table 2
Percentratio | U-2M cham- | Percent ratio
Ne He-H,, in mixing ber pressure, | He-H,, U-2M
chamber, % Torr chamber, %
1 97.4-2.6 1.3x10* 97.2-2.8
2 93-7 6.1x107 93.3-6.7
3 86-14 1.7x107 85.8-14.2
4 72.5-27.5 3.7x107 73.5-28.5
5 85-15 5.4x107 87-13
6 88-12 5%x10° 87-13
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wl 3 L
) . 3
S 10
T Q "
= [a}
2 1075 T
e
T-: 10% 4 ON : ON I=
= - %] =
§ 0o 5 =
& 107 A 5
10"
107"_ T T 1 i T T T N o T o
0 4 8 12 16 20 24 28 32 36 40 44 48

mass number
Fig. 5. Partial pressures of gas components in U-2M:
1 — before gas mixture puff (turquoise);
2 — after mixture puff'into U-2M (red); 3 — after 120 min
plasma creation experiment (blue)

The IPDO-2 mass-spectrometer measurements allow
to conclude that main mixture gases ratios doesn’t no-
ticeably change during 120 min of working regime in
strong magnetic field. The significant N,, Ar, C,H,, de-
crease argues microleakages in vacuum chamber at the
level of 107 Torr, and CHy increase can be explained
with long plasma-wall interaction during experiment.
With that GMS allows stable gas mixture puff of needed
percent ratio into U-2M chamber during plasma creation
and heating experiments.

CONCLUSIONS

GMS was developed, constructed and installed at U-
2M device to create gas mixtures with successive gas
puffing method. The experimental He+H, gas mixing
series were carried out with different percent ratios. The
HetH, percent ratio measurements in the MC and U-2M
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chamber have a good fit. The small differences between
both methods results are explained with their errors.
This system allows to change gas mixture pressure in-
side U-2M chamber while its percent ratio being con-
stant. Its puff has also stable percent ratio during long
U-2M plasma creation and heating experiments.
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CUCTEMA CO3JAHUSA TA3OBBIX CMECEM JJ151 CTEJVIAPATOPA YPAT'AH-2M

A.B. Jlo3un, IO.B. Koemyn, B.E. Mouceenko, C.M. Mazuuuenko, /I.H. bapon, M.M. Kosyna, A.FO. Kpaciox,
B.M. J/lucmonao, B.IO. I'pubanos, I0.Il. Mapueniok

Ha ycranoBke cremnapatop Yparan-2M paspaboraHa, co3naHa W BBEEHA B OKCIUTyaTaI[MI0 CHCTEMa CO3/IaHHS
ra3oBbix cmeceit (CI'C). CI'C ocHoBaHa Ha YK€ U3BECTHOM CIIOCOOE MOTYYCHUS CMECH T'a30B — MOCIIECIOBATEIIEHOM
Harycke. Takoil HamycK peann30BBIBAJICS MPH MOCIIEOBATEILHOM HAyCKe B pa0oumii 00beM HECKOIBKHX T'a30B U3
OTHENBHBIX OAJJIOHOB C BBICOKMM JaBJICHHEM. BbUIM NpOBENEHBI 3KCHEPHUMEHTHI 110 CO3[AaHUI0 Ta30BOH CMeECH
Het+H, ¢ pa3nuuHbIMM HMX TNPOIEHTHHIMH KOHIIEHTpALUUSMH. Pe3ymsraTbl M3MepeHHi IPOIIEHTHOI'O COOTHO-
menusiHe+H, B cMecurenbHOM kamepe U BakyyMHON kaMepe Y-2M HaxonsTcs B XopolleM cornacuu. JlaHHas cuc-
TeMa MO3BOJSET U3MEHSThH JaBIeHHE CMeCH B KaMepe Y-2M mpu HOCTOSHHOM NPOLIEHTHOM COOTHOIIEHHHU ra3oB B
cMecH.

CUCTEMA CTBOPEHHS 'A30BUX CYMIIIEN /11 CTEJIAPATOPA YPAI'AH-2M

O.B. Jlozin, I0.B. Koemyn, B.€. Moiceeuxo, C. M. Ma3uiuenxo, /I.1. bapon, M.M. Ko3yaa, O.10. Kpaciox,
B.M. J/Ilucmonao, B.IO. I'pioanos, I0.11. Mapuyeniok

Ha ycranoBui crenaparop Yparan-2M po3po0iieHa, cTBOpeHa 1 BBe/IeHa B €KCIUTyaTallifo CUCTeMa KOHTPOJIIO
crBopenns razopux cymiieii (CI'C). CI'C ocHOBaHa Ha B)K€ BiJIOMOMY CIIOCO01 OTPHMAHHS CYMIllli Ta3iB — MMOCIIi-
JIOBHOMY Harycky. Takuif HamycK peasli3oByBaBcs IPU MOCIIJOBHOMY HAITyCKy B poOounii 00'eM JEKIIBKOX Ta3iB 3
OKpeMux OaJIOHIB 3 BUCOKHM THUCKOM. Byio mpoBelieHO psiJi eKCIIEpUMEHTIB 31 CTBOpeHHs ra3oBoi cymimnn He+H, 3
PI3HUMH NPOIEHTHUMH KOHIIEHTpaLissMu. Pe3ynbraTn BUMipIOBaHb NPOLEHTHOTO criBBigHomeHHss HetH, y kamepi
3MilIyBaya i BakyyMHill kamepi Y-2M mobpe y3romkyroThes. JlaHa cucrema J03BOJIsE 3MIHIOBATH THUCK CYMIIIIl B
kamepi Y-2M mpu nocTiifHOMY IPOLIEHTHOMY CITiBBiJHOLICHHI Ta3iB y CyMilIi.
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