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P@ Gas systems principles

PNPI - NRC KI

FRESH GAS

Basic requirements:

A Pressure stabilization + detector protection

ANALYSIS = PURIFICATION
CIRCULATION
DETECTOR p——— PROTECTION

O Gas mixture circulation to minimize fresh gas flow
A Purification of the circulation flow (oxygen and moisture removal)
d Impurities and content analysis

L Leak detection
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xw ¥ CBM RICH gas system
FRESH GAS ., ANALYSIS PURIFICATIOI\.. CIRCU
> |~ T 200moar
I
RH T
Sv3 CVv2 Fl3 MV5
SH H20 HE_D<+ PURIFIER cv4
Ccv3 Fl4 SVea
L SH 02 HE_D<H HE?
PCV1 0 H
aEIX MV6 - <
- <7 DRYER
F2
i o D <>
PCV - pressure control valve
BPCV - back pressure control valve
SV - solenoid valve
MV - manual valve
Cg : g‘?ae:skﬂv:vl: gontroller =
MR e fow o DETECTOR 1
FT - flow transmitter
TT - temperature transmitter > @30mm
[.] Fi5 Pljl' - lp.“reuf;:ﬁre transmitter @_ MV8
Pl - pressure indicator SV8
C- compressor
O\.r"lz :gliﬁraporfilter RI C H ®_
BPF, RH, T - barometric pressure,
relative humidity, temperature SvV7 BLOWER o
230mm - F3$ % Yo
/ | nic BUBBLER

Detector protection
Pressure stabilization

Recirculation flow rate:

Purification flow
Purging flow rate
Gas analysis points

ION

BPCV1

XBMW

vent
y

L

: Bubbler, PIS1

: MFC1
40 slpm

: up to 40% (16 slpm)
: 100 slpm (Blower!)
: Detector, Fresh, Purified

OVF]J PROTECTION
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@@ Fresh gas (CBM MUCH RPC)

PNPI - NRC KI

FRESH GAS
CV1
e {/B»l_
E d Manual flow indicator (FI1) for nitrogen
MIXER 5VB purging
O MFCx work in normal circulation
FI1 O Exhaust flow rate is measured
- ~ ™ with flow transmitter (FT2)
O O o .
L L L a Inlet fresh gas flow rate is
= measured with FT1 + MFCx
- Q Leak rate = FT1+MFCx-FT2
-— o 3P =t
>SrYe > > >
w = W w 78]
F2 F3
2 S
= =

MV1
MV 2

N2 R134a iC4H10 SF6
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Y@ Gas mixture circulation

PNPI - NRC KI

CIRCULATION Xent Recirculation

'Y 0 Two compressors
(one active, one spare)
A Flowrate and pressure adjusted
using bypass manual valve
d Exhaust gas flow adjusted
using BPCV1 according to fresh gas
flow and leak rate of the detector
A Detector protection (PIS1)

Compressor

d Membrane compressor

O Vortex compressor

d Pneumatic booster

d Cryogenic adsorption compressor

Pressure stabilization

d Fresh gas flow (for simple systems)
A PID controller with pneumatic valve
d Mass flow controller

PIDC
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¥Ye Purification

PNPI - NRC KI

PURIFICATIO @ @ Dryer (moisture removal)

NaX Zeolite

©)
©)
©)
©)
©)

Capacity: ~80g of water (1kg Zeolite)
Works at room temperature

Output concentration: <2ppm

Output concentration (cryo): <1ppb
Regeneration at 250°C with pure CO,

Purifier (oxygen removal)

MV6 @% MV7 Active copper

1< DRYER o Capacity: ~100 liters of oxygen
FZI o Works at 200°C

FI8

o Output oxygen concentration: <2ppm

o Regeneration at 200°C with CO,+5%H,
BASF R3-11G
o Capacity: ~100 liters of oxygen
o Works at room temperature and at 200°C
o Output oxygen concentration: <2ppm
o Regeneration at 200°C with CO,+5%H,
Catalyzer Ni+Cr

HF Purifier o Produces alcohol from O, + CH,

Active carbon (200g) + soda lime (5009)
o Works at room temperature
o Regeneration at 150°C with dry N,
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Gas analysis

PNPI - NRC KI
FRESH GAS . ANALYSIS PURIFICATIOI\.. CIRCU -
= |~ — S00bar ‘
I
< RH ) FT2
SV3 CV2 FI3 SV4 ) MV5
SH H20 HE_D<H PURIFIER cva
CV3 Fl4 é SV6a
LS H 02 HE_D<H HE
PCV1 © H XBMW
aEIX MV6 : :
- < DRYER
F2
| o D <>
PCV - pressure control valve
BPCV - back pressure control valve
SV - solenoid valve
MV - manual valve
CV - check valve
DETECTOR T
FT - flow transmitter
TT - temperature transmitter > @30mm
[.] FI5 PE : E?e?sfsﬁre _treanjsn:iuer @— SVSM V8 y
- pressure indicator OVF1
'C: :;ﬁgpressor .@ RICH ®_ J PROTECTION
OVF - oil vapor filter
BRI T ;eﬁgtri?frenﬁmigirteﬁ:;fberature SvV7 BLOWER 5
@30mm L,y P> F3 00>
/ > LD BUBBLER

Gas analysis

O Moisture analyzer
O Oxygen analyzer
O Mixture analyzers
O Chromatography (down to 1ppb!)

Analyzers connections

1. Gas flow from the detector
2. Fresh gas
3. Purification unit output
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PNPI gas systems experience

PNPI-NRCKI
Volume, Recirculation| Fresh Maximum Maximum
N |Detector standard | Pressure, mbar Mixture flowrate, | flowrate, oxygen water Year Control
m3 slpm slpom |content, ppm|content, ppm

1 [STARTPC 50 2.00 £ 0.03 Ar +10% CH4 600 1.5+33 25 20 1998 NI SCXI

2 |PHENIX TEC/TRD 11.8 0.40 £ 0.01 Ar +10% CH4 100 1+20 10 5 2001 KEITHLEY

3 |PHENIX DC/PC 6.6 0.40+0.01 Ar +50% C2H6 100 1+20 20 15 2001 KEITHLEY
4 |ATLAS CSC [BNL] 1 0.01 +0.50 Ar +30% CO2 + 10% CF4 1+15 0.05+1 20 15 2001 PNPI

5 |PHENIX MulD 50 2.20+0.03 CCC())22++295°/02|§;HH1100 30 1+20 100 10 2002 NI SCXI

6 |PHENIX MuTR 3 2.0x0.1 Ar +30% CO2 + 20% CF4 5+15 0+0.2 300 10 2005 NI SCXI
7 |PHENIX TOF 2 2501 R134a + 5% iC4H10 10 + 15 0.2+04 100 50 2006 NI SCXI
8 |PHENIX HBD 0.6 1.0+0.1 CF4 4+10 0.1+2 2 1 2008 NI SCXI

9 |PHENIX RPC 0.6 2.50+0.1 R134a + 4.5% iCAH10 + 0.5% SF6 25+45 0.5+2.5 500 40% R.H. 2008 PNPI
10 [STAR TOF 3.9 2.50+0.1 R134a + 5% iC4H10 + 5% SF6 5+10 0.1+0.5 100 20 2009 PNPI
11 [MuCAP TPC 0.5 10000 + 2.5 H2 1+5 0 0.005 0.02 2003 PNPI
12 [MuSUN TPC 1 5000 + 2.5 D2 1+5 0 0.001 0.001 2008 PNPI
13 |ATLAS sTGC 0.2 0.01 +0.50 CO2 + 45% nPenthane - 0.34 - - 2016 PNPI
14 |CBM RICH prototype 2 2.00+0.1 Cco2 1+13 0+10 100 100 2010 PNPI
15 |CBM RICH 60 20+0.1 CO2 40 0+20 9000 2000 in progress PNPI
16 [CBM MUCH GEM 0.2 1.0+0.1 Ar +30% CO2 2 0.1+2 10 10 in progress PNPI
17 |CBM MUCH RPC 0.09 |(5.0-10.0) £ 0.1 [R134a +(3-7)% iCAH10 + (0.2-5)% SF6| 0.05+1 0.1+1 10 10, 40-60%RH| in progress PNPI
18 [NICA MPD TPC 18.5 20+0.1 Ar +10% CH4 200 0+50 20 10 2017 PNPI
19 |R3B PAS 0.2 2000 £ 20 Ar +30% C2H6 - 0+4 5 5 2021 PNPI
20 Pres TPC+FT 20 20000 £ 5 H2, Ar + 2% CH4 2x15 - 10 10 2021 PNPI
21 |FISCO 0.01 700 mbara Ar + 10% CH4 - 0.01 10 10 2023 PNPI
17.06.2025 P. Kravtsov 8




¥@ control system

PNPI - NRC KI

e compact (high channel density)

e integrated controller with interlock

e widely used in our systems over 15 years at
BNL, FZ Juelich, PSI, Dubna and AIRBUS test rig

P.Kravtsov, V.Trofimov. Preprint PNPI-2723, Gatchina (2007)
P. Kravtsov et al., CBM Progress report (2010), p. 32
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PNPI - NRC KI

Control software

8 PRES CONTROL [C:\DATA\24-06-10_13-22-58.mdb]

Gas system l nygen] High Voltage] System parameters] Alarms] Database] DAQBZ] About ]

:r Filling ' Circulation ﬁ Evacuation gStop ¢ Circulation Ar 5 Options

ki‘] Enable Alarms

Idle

Purifier

Dryer

1.0
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Ven-t Mode: 0ERR: 001L: 00 ECrtr: 0 SecChtr: 0
MFCT: O MFC2: 0MFC3: 0 MFC4: O/ SecCrbrF: 222 ModeF: O
] Date Time Meszage Instruments
1G] 11.06.2024  04:0256  Log started. DAD32GAS
I 11.06.2024 04:0257 Loading zettings... DAQ32HY
" H 11.06.2024  04:0258 Initialize Keller interface. [COME; Speed: 115200] Keller Pressure
d 11.06.:2024 040253  Database inuse: CADATAN24-06-10_13-22-568 mdb
1] 11.06.2024 04:03.00 Frogram started. Yersion: 1.0.1.11
i A 11.06.2024 040300  DAQ Thread stared

- [m| *
Name Walug Units
+- Device sl ~
- GAS SYSTEM [47]
PT1 0975 bara
PT2 0.979 bara
PT3 24 887 bara
PT4 5871 bara
PTS 0.978 bara
PTG 20.048 bara
PT7 20,001 bara
PTS 0.269 mbar
PT10 -1.017  mbar
PT11 40980 bar
PT12 -0.013  bar
PT13 -0.058 bar
PT14 40.544  bar
PT15 21.885 bar
PT16 -0.066 bar
PT17 -0.500 bar
PT18 1370  bar
PT20 6.429  bar
MFC1 0.000  slpm
MFC2 0.000  slpm
MFC3 5257  slpm
MFC4 5022 slpm
H20_H2 -17.964 “CDP
H20_AR 59.749 *CDP
02_H2 0.462 ppm
02_AR 1122 ppm
LEVEL -0.025
H2_rack -0.025
H2_house -0.025
H2_1 -0.025
T_dryer 200106 *C
Luminocity 0oooD ¥
PT8 20,024 bar
Mode 0
Interlock 0
SecCntr 1]
MFC1-Zcnte 1}
MFC3-4cntr 0
Valvesl 6820108
Yalves2 15357
H20_H2 62.222  ppm
H20_AR 0549 ppm
BME_P 996.314 mbar
BME_T 28.360 °C
BME_H 32,666 %RAH
SecCntiF 222.000
ModeF 0.000 v
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¥Ye Control software

PNPI - NRC KI

- W " A e - o > - .- - -

e Y- ¥

d Manual control
Q Visualization of all sensors
A Alarms (interlock) processing (4th levell)
O Parameters accumulation in the database
d Interface to main control system:

EPICS, MasterSCADA (OPQC), etc.

d Gas system event log (also stored in DB)

. Automatic gas system procedures

- = — e — — - — — — - — o S —
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PNPI - NRC KI

NICA MPD TPC
gas system

Parameter Value

TPC volume 18 500 liters
Mixture (P10) Ar+(10+0.1%) CH4
Compressors pressure (inner loop) 40-80 mbar
Compressors pressure (outer loop) 100 - 150 mbar
Detector supply pressure 2.1-2.2 mbar
Return pressure 0.5-1.5 mbar
Internal TPC pressure 2+0.01 mbar
Recirculation flow: inner loop 13 000 I/h
Recirculation flow: outer loop 700 1/h
Purge flow with P10 3300 I/h
Fresh gas flow 200 -3 000 I/h
Oxygen content <20 ppm
Water vapor content <15 ppm

17.06.2025 P. Kravtsov 12



Y@ NICA MPD TPC gas system

FRESH GAS ANALYSIS I—‘me PURIFICATION @écu LaTioNT",
Sl BoCYY
515 Ve s SV6
o s jEl (#}j Glﬂ

Purifier
N O %'% c
oz Q_l: ><H SW Dryer il Byt tg S' BMYT
CH4 =

7
“e"‘ AL 7 ""21 ct T2
v T
eb" A

.

(5]
F

o Bugeigmes af
—

(7o)
2

g i7x

2
@%4
D
[

/]
q DETECTOR l@

TPC

, O oo

7 HE1 _T - i
f® 7 /\/\/ — =i
,.49) é o ;‘2 i Icw @ B = 5% |
c3 8w % PURIFICATION 2 L |
r MI/ 71C ) cv8 g 71 25
¢ F
A —HX

@W}

S
|

S
=
H

= | Subblr !

< =

B ST
DR
2020205020 %% %0 % %% - )
Pe20%6%0 %0 %0207 % %%}

mmX Burifer &m CIRCULATION 2

17.06.2025 P. Kravtsov



¥ @ NICA TPC: pressure stabilization

PNPI - NRC KI

1.90

N
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TPC pressure (PT9), mbar
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1.85

0 2 4 6 8 10 12
Time, h
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PNPI - NRC KI
PRES gas system

Parameter Value
Detector volume (TPC chamber) ~1000 L
Detector volume (PC chamber) ~1000 L
Absolute pressure in the detector 2 — 20 bar
Absolute pressure stability +5 mbar
Absolute pressure uncertainty 0.01% (2.5mbar)
Maximum differential pressure between TPC and PC chambers 20 mbar
Working differential pressure between TPC and PC chambers 5-10 mbar
Impurity concentration in hydrogen (TPC chamber) < 100 ppb
Impurity concentration in Ar+CH, mixture (PC chamber) <10 ppm
Circulation flowrate for each chamber 10-15 slpm
Filling / evacuation flowrate for each chamber 10-15 slpm

17.06.2025 P. Kravtsov
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¥ @ pRrES gas system

PNPI - NRC KI

Vent

Pumping

Detector Argon circuit

PSV1
MV30

Hydrogen circuit

MV32

MFC3

F3

Hi
o :
H,900L | Anerd ! |
SR 20b gas purification
gas purification ar 20 bar
Analyser Analyser @ obmm
ppm H,O PT7 ppm H,0 =
MV37

Pumping

(pro)
PT9
N MV38 o3
10
Gas analyser = u Gas analyser
RV1 RV2 - N o RV4 RV3
T CAVA VA SV13 o
: i ‘;DXE >ESXE P —
b o *Oxygen analysis % 4 o Vent <> —— Vo b
MV20

™
' 2l
Oxygen analysis(C) 821 ‘P | O
‘ E P g?mpressed

nic
SV9

F5 @
-, Hydrogen storage Argon.storage

SvV8

@8mm
\

I
|

/L

OUTDOOR AREA

Legend:

SV - solenoid valve

MV - manual valve

PCV - pressure control valve
PSV - pressure safety valve
PT - pressure transmitter

P1 - pressure indicator

PIS - pressure indicating switch
MFC - mass flow controller

> CO - calibrated orifice
C - compressor
Vent —| i |— F - filter

MV33

-
c
3
h=
=
[(=]
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¥ @ pRrES gas system

PNPI - NRC KI

Vent

Pumping

Detector Argon circuit

PSV1

Hydrogen circuit

=6

1 -«
H,e00L | AT ] |
Cryogenic —
gas purification 20 bar 20 bar gas purification
,'
Analyser nalyser| , @ g6mm
ppm H,O ppm H,OL*
MV 37

< Pumping \  (Arad PN It umping

Gas analyser

RV4 RV3

SV13 CO1

Gas analyser

RV1 RV2

1

1

1

]

1

]
1
1
1
]

]

1

[

[

1
[
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[}
[}
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[y
Y
“

Y
=
<
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SV10
[:n/c j
e %SVH
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oy, |t oo o OO ont D] = o ! T
n /\ Oxygen analysis(C
-b_@_ = :MVZOCompressed Q H ‘E ' °
= FHS iy S PROTECTION e
. - AV
& -

Two levels of pressure protection
1. Control system firmware

o Diff. pressure stabilization using MFCx (~5mbar)

o Integrated interlock operates SV1 - SV4 valves (12mbar)
2. Pressure sensor with relays

o PIS1 operates SV14a, SV14b (15mbar)

T nic T - T TTrmrTmtTE T - Ll - nic - T AT e
E7 C - compressor F8
F - filter
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¥ @ pRrES. Pressure stabilization

PNPI - NRC KI

1010 4
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¥ @ pRES. Filling and evacuation mode
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PNPI - NRC KI
.20 —PT7 |
S —PT9 I8
S 15 —
% / 6
S 10 \m"w"””h'“'"w" TR i ik
-F__') ' / | 4
=
2
a5 '|l| - H 2
<
Ll IIII
0 : : : : : : : : : : : 0
09:00 09:10 09:20 09:30 09:40 09:50 10:00
20 S - 20
Ne) 16 ™,
[0}
S 14 AN 14
7
o 12 \ 12
Q10 “ 10
GJ -
5 8 AN 8
9 TV Il '
2 6- ' 16
{ 4 i | '||-K| \ 4
2 e : \ 2
0 +——— — —— — —r \ — — 0
11:30 12:00 12:30 13:00 13:30 14-00 14:30 15:00

17.06.2025 P. Kravtsov

Differential pressure, mbar

Differential pressure



1] @
Y

PNPI - NRC KI

FISCO

gas system

Parameter

Value

Detector volume

3 liters

Mixture (P10)

Ar+(10+0.1%) CH4

Internal TPC pressure

700 - 1200 mbar abs

TPC pressure accuracy + 3 mbar
Purge flow with P10 20 sccm
Fresh gas flow 10-20 sccm
Oxygen content <20 ppm
Water vapor content <15 ppm
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PNPI - NRC KI
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Ve FISCO. Pressure stabilization

PNPI - NRCKI
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PNPI gas systems experience

PNPI-NRCKI
Volume, Recirculation| Fresh Maximum Maximum
N |Detector standard | Pressure, mbar Mixture flowrate, | flowrate, oxygen water Year Control
m3 slpm slpom |content, ppm|content, ppm

1 |STARTPC 50 2.00+0.03 Ar +10% CH4 600 1.5+33 25 20 1998 NI SCXI

2 |PHENIX TEC/TRD 11.8 0.40 £ 0.01 Ar + 10% CH4 100 1+20 10 5 2001 KEITHLEY

3 |PHENIX DC/PC 6.6 0.40+0.01 Ar +50% C2H6 100 1+20 20 15 2001 KEITHLEY
4 |ATLAS CSC [BNL] 1 0.01 +0.50 Ar +30% CO2 + 10% CF4 1+15 0.05+1 20 15 2001 PNPI

5 |PHENIX MulD 50 2.20+0.03 CCC())22++295°/02|§;HH1100 30 1+20 100 10 2002 NI SCXI

6 |PHENIX MuTR 3 2.0x0.1 Ar +30% CO2 + 20% CF4 5+15 0+0.2 300 10 2005 NI SCXI
7 |PHENIX TOF 2 2501 R134a + 5% iC4H10 10 + 15 0.2+04 100 50 2006 NI SCXI
8 |PHENIX HBD 0.6 1.0+0.1 CF4 4+10 0.1+2 2 1 2008 NI SCXI

9 |PHENIX RPC 0.6 2.50+0.1 R134a + 4.5% iCAH10 + 0.5% SF6 25+45 0.5+2.5 500 40% R.H. 2008 PNPI
10 [STAR TOF 3.9 2.50+0.1 R134a + 5% iC4H10 + 5% SF6 5+10 0.1+0.5 100 20 2009 PNPI
11 [MuCAP TPC 0.5 10000 + 2.5 H2 1+5 0 0.005 0.02 2003 PNPI
12 [MuSUN TPC 1 5000 + 2.5 D2 1+5 0 0.001 0.001 2008 PNPI
13 |ATLAS sTGC 0.2 0.01 +0.50 CO2 + 45% nPenthane - 0.34 - - 2016 PNPI
14 |CBM RICH prototype 2 2.00+0.1 Cco2 1+13 0+10 100 100 2010 PNPI
15 |CBM RICH 60 20+0.1 CO2 40 0+20 9000 2000 in progress PNPI
16 [CBM MUCH GEM 0.2 1.0+0.1 Ar +30% CO2 2 0.1+2 10 10 in progress PNPI
17 |CBM MUCH RPC 0.09 |(5.0-10.0) £ 0.1 [R134a +(3-7)% iCAH10 + (0.2-5)% SF6| 0.05+1 0.1+1 10 10, 40-60%RH| in progress PNPI
18 |NICA MPD TPC 18.5 20+0.1 Ar +10% CH4 200 0+50 20 10 2017 PNPI
19 |R3B PAS 0.2 2000 £ 20 Ar +30% C2H6 - 0+4 5 5 2021 PNPI
20 Pres TPC+FT 20 20000 £ 5 H2, Ar + 2% CH4 2x15 - 10 10 2021 PNPI
21 |FISCO 0.01 700 mbara Ar + 10% CH4 - 0.01 10 10 2023 PNPI
17.06.2025 P. Kravtsov 23
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PNPI - NRC KI
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