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Abstract
India based Neutrino Observatory (INO) collaboration is planning to build a 50 kilo-ton magnetised iron
calorimeter (ICAL) at Bodi hills in south India. The INO will have about 30,000 Resistive Plate Chambers
(RPCs) that will be used as active elements. The constituent elements of RPCs are two parallel electrode, made
of high resistivity float glass, between which, in a 2mm gap, a mixture of gas viz. R134a (C2H2F4 :1,1,1,2
tetraflouro ethane) , iC2H4 (Isobutane) and SF6 (sulphur hexafluoride) in the ratio of 95::4.5::0.5 respectively, is
circulated. Earlier studies have indicated that, the concentration and quantity of gas mix plays a very important
role in the performance of the RPCs. The current drawn by the chambers rises if the amount of pollutants in the
mixture increases and the performance deteriorates. Therefore, a number of studies on controlling and
optimisation of the gas flow through the RPCs are required.
In this paper we are presenting the preliminary simulation results related to the flow of mixed gas into a RPC, so
that number of volume changes in RPC detector can be optimised. Simulation is done on a platform of Solid
works, 2014-2015 version in 3 dimensions, to simulate the flow velocity within a RPC gap having the exact
dimension of an RPC (1.8 meter X 1.9 meter with a gap of 2mm and 3mm thick glass), that is proposed
to be used in the final INO-ICAL experiment.
It is observed that, there are “Dead Pockets” (Drift velocity of the gas is Zero) in the RPC detector where in the
gas does not reach. The time taken to completely refill the dead zones with gas mixture and remove the air will
be larger and longer will be the time to completely refill the RPC with gas mixture and remove air. The Dead
zones can be smaller at high flow velocities of gas, but cannot be Zero. The replacement or the residence time is
different for different gases depending upon their densities and viscosities.
Each gas of the mixture has different property such as density, viscosity and diffusivity at operating temperature
and therefore a concentration gradient will setup within the gas mixture. The segregation of gases under
different velocity conditions may occur. Hence to avoid this possibility, it is necessary to maintain minimum
velocity of a gas mixture especially when Isobutane is used. The study is based on gas flow range of 3 SCCM
(half volume changes per day) and 30 SCCM (5 volume changes).
In the paper we present the preliminary simulation results pertaining to mixed gas flow rate with a RPC gap.
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1. Introduction :
INO (India Based Neutrino Observatory), a large mega science project and will use RPC (Resistive Plate
Chamber) as one of active component for construction of 50K ton magnetised Iron Calorimeter detector
(ICAL).The “coated glass gap” with a gap of 2mm created in between two 3mm thick float glass with four gas
nozzles, and these glasses are coated with conductive paint on the outer surface, while the surfaces inside the
gap are cleaned and not coated. The 2mm gap is maintained by button spacers placed at distances of 200mm
both along X and Y directions and by side spacers of thickness of 2mm, on the four edges. So a gap of 2mm is
created inside the chamber and the buttons and side spacer are glued using 3M (make) glue. There are two inlets
and two outlets for the gas flow as shown in the FIGURE 2.
The proposed INO-ICAL detector will have about 30,000 RPCs of area 2 meters X 2 meters. The details of the
design can be found in [1][2][6]. The RPCs gas gap volume (200cm X 2000cm X0.2cm) of 8 litres is filled with
a gas mixture which is primary signal producing media of the detector. The total volume of the mixed gas in the
ICAL would be about 240 m3. The gas mixture also decides the mode of operation of the detectors namely the
avalanche mode (Freon, Isobutane, Sulphur hexafluoride) and the streamer mode (Argon, Freon, Isobutane).
The avalanche mode is proposed to be used.
The quality of the mixed gas inside the RPC determines the performance of the RPC. The contaminants like air,
moisture, breakdown radicals of gas like HF, CF3 etc. lead to the deterioration of the detector lifetime and it
performance [8][9]. These contaminants are produced due to ionisation process or through leaks in the RPC or
the tubes joints connecting the RPCs. To remove the contaminants fresh gas is flushed into the RPCs and the

frequency or the number of volume changes plays a crucial role in the reducing the cost incurred and also on the
environment impact, due large number of detectors, especially in a project that is envisaged to last for a couple
of decades. It is found that, typically the gas mixture in large experiments at CERN, is refreshed every 24 hours
[5][6][7].
1.1 RPC :
The Resistive Plate Chamber,(RPC) is a ionization particle physics detector. The performance parameters are
Detection efficiency (97-98%), Time resolution (1.5 to 2 nanosecond), spatial resolution (1 centimetre), low
leakage currents (few hundred nanoampheres), low noise rates (few hundred hertz) and long term stability. The
elementary component of a RPC is a gap, a gas volume enclosed between two resistive plates (electrodes). The
large volume of the total RPC system and the use of a rather expensive gas mixture impose the necessity to use a
gas recirculation system.
A schematic diagram of the glass RPC gap that, would be used in the final ICAL is as shown in the
FIGURE 1 and FIGURE 2 and the component details are shown in FIGURE 3.
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2.0 Software tools and Criteria:
The main objective is to conduct a simulation study and understand the gas flow patterns inside an RPC
chamber. The basic tools for various numerical techniques, which are commercially available for fluid analysis,
are COMSOL, FLUENT, SOLIDWORKS etc. The Solid works platform is preferred and used, as the license is
available and expertise in the same.
The gas mixture is stable and chemically inactive but, when exposed to radiation and electrical field, free
molecules and/or radicals are generated. The ideal conditions for RPC operation would be to keep the supplied
gas free of any contaminant of both external and produced in citu during the usage. (Introduced at mixing stage
or generated by normal RPC operation, respectively).
2.1.1 Hardware details and software assumptions:
The basic components of an RPC gas gap are the float glass of 3mm thick, poly carbonate buttons of 2mm thick
and of diameter (11milli meter), the T-shaped side spacers and gas nozzles FIGURE 2. The geometry has been
simplified for simulation purpose. The float glass wall is assumed to be adiabatic and having roughness of 0.05
micrometer. The buttons that are placed inside the chamber at 200 mm spacing are considered to be cylindrical
of the exact height of 2mm. The heights of these buttons play, a crucial role in maintaining the gap or thickness
throughout the area of RPC gap, so that the applied field is uniform. The side spacers used are of T-type as
shown in FIGURE 2, these side spacers help in holding the glass and act as sealants, so that the Glass gap so
formed has leak proof sealing, but one can see that, the rectangular section only of T-side spacer comes in the
contact of gas, hence in modelling the spacers are considered to be rectangle. The gas nozzles are placed at the
appropriate location at the entry and exit of gases. These are four in numbers and in lieu of full nozzles, the
input holes are considered as two dimensional entry points having nozzle end dimensions of 1.81milli meter.
The entry point position and the orientation are identical to that of nozzle FIGURE 4.
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The gas mixture used is Freon 134a, Isobutane and SF6. The major concentration of gas mixture is Freon which
is 95% and hence it would replicate as a single gas for simulation purpose. The gas properties considered under
consideration are Density and viscosity. The boundary conditions used are the flow rate at the input taking into
consideration the volume changes that would take place for an RPC. Since the laboratory is maintained at a
fixed temperate and pressure, the base thermodynamic parameter like pressure is taken to be 1 bar and
temperature as 24 degree centigrade for all simulation purpose.
The simulation is done in 3D and assumed flow is symmetrical about the mid plane in Y-directions that is the
thickness and taking into consideration the configuration of the PC used for number crunching and flow
calculation, the fluid cell are numbering to 10813 and partial cells are 1024515,. The number of Iteration for
each set of calculations is about 214. The symmetry condition is applied to the mid plane in the Y-direction i.e.
the width of gap (2mm).
2.1.2 Performance- parameter Relationships:
The desired performance of an RPC [6] are (a) Detection efficiency not less than 97-98% (b) Time resolution
around or less than 2 nanosecond and spatial resolution of less than 1 cm and the low leakage currents of few
nano- amperes . (c ) long term stability over a period of decade. (d) The breakdown radicals are invariably
produced during operation of RPC. The residence time of the radicals within a gap is related to the drift and
diffusion properties. The least residence time for radicals is desirable for extended life span of a RPC.
The gases used in the RPC operations play a crucial role in the operation. Depending on the gas mixture and
applied High voltage the RPCs can be operated in two modes viz. Streamer mode and the Avalanche mode,
whose operation depends on the gas mixture and applied high voltage. The Avalanche mode is preferred in the
INO RPCs.
The Freon 134a acts as a main Ionisation gas. The Isobutane gas helps in absorbing the secondary UV photons
and SF6 [7] helps in absorbing electrons and stops the streamer formation. The quencher (iC4H10) and
electronegative (SF6) gases will help in containing the charge development and reducing the streamer
probability, the more the Isobutene, better is the performance, but more than 8 % is not permitted due to safety
issue. If the percentage of SF6 is increased to greater than 0.3 %, the noise rate gets reduced, efficient is reduced
and the time resolutions of the RPC operation deteriorate. If Freon concentration is reduced the efficiency and
noise rate is reduced and hence timing gets affected. Hence it is important that, the appropriate concentration of
gases is to be maintained. If the percentage of air (due to leakage) is more then the current increases.
Therefore it is mandatory that the air must completely be displaced by the gas mixture in the entire gap of the
RPC detector. The concentration of Isobutane should not vary by few percent. The concentration of SF6 should
not vary more then 1 %.
The optimised ratios of the gas mixture is 95.0::4.5::0.5 to get the best performance of the RPC. The gas
mixture ratio need to maintained uniform throughout the volume of the RPC detector. If any deviation is created
within localised area such as pockets then the performance would be affected in localised or overall area of
RPC.
3.0 Interpretation of simulation Plots.

The simulation has been carried out with following flow rates, because most of operations are within these
ranges. The flow trajectories have been plotted considering gas in pure form and not as a mixture.
a. Freon 134a : at 3 SCCM, at 30 SCCM and at 300 SCCM . Refer FIGURE 5 and FIGURE 5A

b.

Isobutane: at 0.3 SCCM, at 3 SCCM, at 30 SCCM. Refer FIGURE 6, FIGURE 6A, FIGURE 6B and
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SF6: at 0.3 SCCM, at 3 SCCM, at 30 SCCM. Refer FIGURE 7; FIGURE 7A, FIGURE 7B and
FGURE 7C.

3.1 Observations:
Flow rate 3 SCCM of Freon is Compared with CERN data (FIGURE 8) [10][11][12] [13] of flow rate nearly
twice i.e. 6 SCCM
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3.2 Analysis and Comparison:
For comparison of the observed data with that of CERN data [7], following points are to be noted
a. RPC size : CERN RPC is 1.3 meters X 2 meters, while INO RPC is about 2 meter X 2 meters
b. The Nozzles for the CERN RPC are located at the corners and are 4, while that of INO RPCs are
located along the edges and are also 4.
c. The average velocity over large working area (nearly 70% ) is 0.4 X 10 e-3 meters/Sec at flow rate of 6
to 10 SCCM, while for INO RPC it is between 0.1875 X 10 e-3 and 0.3125 X 10 e-3 at 30 SCCM
d. The radiation intensity to which CERN RPC is subjected is many times higher than for the INO RPC,
hence CERN RPCs need large number of volume changes of fresh gas per unit time. This requirement
does not exist with INO RPC. Therefore INO RPC can be operated at flow rates much lower than
CERN RPCs.
Hence a flow rate of less than 30 SCCM appears to be adequate for INO RPCs under cosmic radiations.
AT 3 SCCM flow rate of Freon:
a. The velocities all over RPC are in a range of 0.0625 x 10 e- 3 meters/sec to 0.1 x 10 e- 3 meters /sec.
b. Only very near the nozzles the velocities are in the range of 0.3 X 10 e -3 0.5 X 10 e-3 meters/sec.
c. The average velocity over 90% of area is nearly (1/7) Th of the average velocity inside CERN RPC.
d. This flow rate will cause 1 volume change every 2 days. It will take about 3 to 4 volume changes for
the RPC to become operative. Therefore to reduce the flushing time 6 to 10 SCCM of flow rate is
sufficient.
e. To supplement the leakages from RPC some excess flow is required to maintain a concentration
gradient.
Hence a flow rate of 6 to 10 SCCM gas mixture may considered as optimum for 2 meters X 2meters RPC
running under cosmic radiation.
3.2.1 Freon and Isobutane:
Maintaining the uniformity of gas mixture ratios within the RPC
a. Comparison between Freon and Isobutane distribution at various flow rates.
Isobutane and Freon flowing at 3 SCCM individually show the identical velocity (of 0.06 X 10 e -3 meters/sec)
distribution and therefore they will not undergo the separation.
Results at 0.3 SCCM isobutane flow also indicate a lower but a uniform velocity distribution.
3.2.2 Freon, Isobutane and SF6:
Maintaining the uniformity of gas mixture ratios within the RPC
a. Comparison between Freon, Isobutane and SF6 distribution at various flow rates.

SF6 and Freon flowing at 3 SCCM individually show the identical velocity (of 0.06 X 10 e -3 meters/sec)
distribution and therefore they will not undergo the separation.
3.2.3: Effect of buttons on the flow patterns:
From the velocity plots (FIGURE 6B), it can be seen that
a. The highly localised Swirls are caused by the buttons to the extent of causing velocity in Z direction (
along the width of the gap )
b. The magnitude of swirl velocity is 2 X 10 e-9 meters/ sec at maximum.
c. The swirl causes flow in Y direction
d. The magnitude of linear velocity in X – Z plane is 0.06 X 10 e-3 , which is nearly 10 e+4 times higher
than the swirl velocity.
The swirl velocity is considerably low as compared to the linear velocity and hence has no significant
effect of drift or diffusion to alter the gas distribution.
4.0 Conclusions and future plans:
Preliminary results show that, there are “Dead Pockets” (where the drift velocity of gas is Zero) in the RPC
detector where in the gas does not reach by drift. The time taken to completely refill the dead zones with gas
mixture and remove air will be larger the dead zone and longer will be the time to complete refill the RPC with
gas mixture and remove air. The Dead zones can be smaller at high flow velocities of gas, but cannot be Zero.
The same can be used for validating the large scale models. The drift is the movement of gas atoms caused by
pressure difference and the diffusion is the movement of gas atoms caused by concentration difference. A flow
is a combination of drift and diffusion and hence a Dead zone may have contained small fraction of gas which
has diffused
a. The flow rates of 3 SCCM to 10 SCCM are adequate to initiate the RPC in reasonable time and
sufficient to operate it under cosmic radiation conditions.
b. The objects in the path of the gas flow such as nozzles, buttons do not cause turbulent conditions at
flow rates near 3 SCCM.
c. The “Reynolds’s Number” (Rd), a dimension less quantity and an important characteristic of fluid
under motion using the following formula.
Rd = (Density of fluid X Velocity of Fluid X diameter of pipe)/Dynamic Viscosity
In our case pipe diameter is 2 mm i.e. gap between glasses. The calculations show that, the Reynold
Number for all gases between 0.06 to 6.0 for flow rates between 0.3 SCCM to 30SCCM is less than
2500 and hence the flow patter is considered is LAMINAR and NOT Transient (2500 to 3000) or
Turbulent (above 3500)
d. The Separation of gases does not take place even in the dead zones at flow rates of 3 SCCM or more.
The flow rate of 6 to 9 SCCM can be simulated to find the precise flow rates required to operate RPC
under optimum conditions. Improvement in gas nozzle design, Simulations of scaled up version of
RPC to provide final recommendation for design of internals of RPC.
The future plan is to use finer mesh and try to quantity the precise flow needs to be set at the input of an RPC
detector.
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