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[image: image1.jpg]Fig1: Schematic of a typical RPC
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[image: image3.jpg]Fig5: Schematic of mixing console
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Fig3: Block diagram of the gas mixing system
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[image: image7.jpg]Fig7: Safety and Isolation Bubblers
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Abstract:�In this presentation, we describe a Mass Flow Controller based on-line gas mixing unit with multi-channel channel distribution system. We highlight different aspects such as requirement, design, calibration, control and operation of this system. This unit has the capability to mix up to four different input gases and distribute over 16 output channels. Output in individual channels is controlled accurately using capillary based system. At present, we are using this gas mixing unit for prototype of Iron Calorimeter (ICAL) detector of India-Based Neutrino Observatory (INO).


Introduction:�India-Based Neutrino Observatory (INO) proposes to use a magnetized Iron Calorimeter (ICAL) detector. It will be a magnetized tracking device comprising of magnetized iron plates of nearly uniform magnetic field, interleaved with layers of position sensitive active detector elements called Resistive Plate Chambers (RPCs) which are gaseous parallel plate detectors. The principle on which RPC operates is that the energy loss of radiation quanta in gaseous medium, which results in creation of excited and ionized atoms/molecules, whose number is proportional to the energy deposited by the ionizing radiation in the detector.


�





Requirement of a Gas Mixing Unit: �The functioning of RPC, primarily, depends on the ionizing gas within the detector volume. Typically, the working gas mixture consists of an electro-negative gas together with a photon quencher. While the former serves as a secondary electron quencher with high probability for primary ionization (ex: Freon), the later has a high absorption probability for UV photons (ex: Iso-Butane). The proportions of these gases in the mixture largely dictates the mode of RPC operation, namely, Avalanche mode or Streamer mode. In the streamer mode, the ionizing gas is, additionally, required to provide a robust first ionization signal and have a large avalanche multiplication factor (ex: Argon). SF6 (Sulfur-hexafluoride) is sometimes used to control the excess number of electrons in avalanche mode.


In both these modes of operation, proper and efficient functioning of the detector depends on appropriate and accurate mixing of gases. For prototype detectors, we have made an MFC based on-line gas mixing unit which can take up to four gases as input and distribute the mixture to 16 different output channels.


Overview of the gas system : �Broadly, the on-line gas mixing system comprises of a gas purifier column, a gas mixing unit, distribution panel, safety and isolation bubblers, an exhaust manifold, moisture meters, controls for monitoring and remote operation, and a set of gas cylinders together with manual and pneumatic valves rated appropriately. 








��


Mixing unit : �The outputs from purifiers enter the mixing unit, which consists of pneumatic valves, mass flow controllers, mixing line, check valves, bellow-sealed valves and a probe for moisture measurement. The pneumatically controlled bellow-sealed valves are activated by a pressure of about 4 bar, and dry nitrogen gas is being used for this purpose. All the valves used in the system are of normally-closed type. A microprocessor based capacitive type commercial sensor (SHAW make) with dew point display is used to measure the moisture content in the mixed gas. Sensitivity range of this device is – 800 C to –250 C dew point. 


Mass flow controllers : �Following the pneumatic valves, are Tylan-made (modelFC-760) mass flow controllers, which are used to measure and control the flow of gases. They are designed and calibrated to control a specific type of gas at a particular range of flow rates. The basic assumption in designing these MCFs is that, about 6 SCCM of gas flow is required for an RPC of dimension 1 x 1 m2. Each of these MFCs have a built-in two micron filter. The control input to MFCs and the output from the same are both DC voltages (0 to 5 volts) which are linearly proportional to the mass flow. They are displayed as SCCM units. A ten-turn potentiometer is used for adjusting the mass flow and the set value is displayed by an LED on the front panel of the system 


�





��We have optimized the gas mixtures to be of 95.5 % Freon and 4.5 %Iso-butane for avalanche mode of RPC operation. 62% of Freon, 30% of Argon with 8%of Iso-butane is the optimal mixture for streamer mode. Freon (134A) and Iso-butane gases are in liquid form for which low pressure input regulators of 0 to 5Kg/cm2 range are used, while 2000 kg/cm2pressure regulators are used for Argon and SF6. The output range of all these regulators are 0 to 5 Kg/cm2. Depending on the mode of RPC operation, appropriate gases at optimum pressure are allowed to flow into the purifier column.�Purifier column: �Although the gases are 99.9 % pure, moisture and other impurities may have diffused through valves and other accessories due to long transit time and storage. This calls for a need to purify the gases being used. Four in-situ rechargeable molecular sieve based columns (one for each input gas) are mounted on the input gas lines in order to absorb moisture, oil traces and other contaminants from the gases. These columns are made of stainless steel (SS) and have two built-in heaters of 500 watts each, which are connected in series. Each column is charged with 300 grams of molecular sieve absorbents of Type 3Å (80%) and Type 4Å (20%) ; the argon column has a 13X type absorbent in addition to these. 
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Distribution system : �The flow resistor-based distribution system comprises of a manifold and pressure transducers. Gas mixture entering the manifold is mixed further in a small cylinder which provides higher cross section and residence time. A pressure transducer-gauge of range 0 to 1 Kg/cm2 is mounted here to indicate the pressure at which the gas mixture is being dispensed. This transducer operates on 15 volts DC and gives a current output of 4 to 20 mA, which is displayed on the front panel. The manifold then feeds the gas into sixteen selectable channels isolated by pneumatically activated valves with control switches at the bottom front panel. Uniform and approximately equal flow of gas mixture in all chambers is facilitated and ensured by flow resistors. Flow resistors are two meter long stainless steel capillaries having a diameter of 200 microns. These capillaries allow the gas to mix thoroughly by providing long residence time. The flow rate through the capillary is calculated using Poisoullie's equation given by F = R4P/ 8.eta.L, where, F is the gas flow rate, R is the capillary radius, P is the differential pressure, eta is the viscosity of gas and L is the length of the capillary tube. One end of each capillary is connected to one pneumatically controlled valve after the mixing cylinder and other end is connected in parallel to the RPC and safety bubbler. The mixed gas is then distributed into sixteen individually selectable parallel gas outlets. A Parker-made fine particle filter is mounted on this line to purify the mixed gas further, before it enters the RPCs.


Safety bubblers : �Safety bubblers mounted on individual output lines take care ofthe back pressure and protect the RPCs from a possible damage due to over pressure. Each of these are made of borosilicate glass and are connected to a stainless steel tube by a flexible Tygon tube. Every bubbler has a 25mm column (typically about 5 ml) of Silicon oil (DC704), which has a density of 1.08 gms/cc. This bubbler prevents over pressurization of RPC that might occur due to blockages in 





the flow path, by relieving the excess gas to bubble through the oil. 


Isolation bubblers : �These bubblers are similar to a safety bubbler in dimension, and serve to prevent back diffusion of air into the RPC. There are sixteen such bubblers in the system. The gas mixture flowing out of each RPC flows through one isolation bubbler. The output from all bubblers are fed into a output /exhaust manifold and then vented out.


�


Control and Monitoring : �The required flow rates of individual gases in the system can be set and monitored locally as well as through a PC interface. Other important system parameters such as pressures at various stages of the unit can also be monitored using this interface.�Calibration of MFC’s :�MFCs are used to accurately measure and control the flow of gases. They are designed and calibrated to control a specific type of gas at a particular range of flow rates. Normally, the rating on MFCs is the one that corresponds to the flow of nitrogen gas, and hence, calibrating the MFCs for different gases being flown through them is a prerequisite. All the MFCs employed in our gas mixing system are calibrated by water downward displacement method. MFCs need a 0 to 5 volts DC signal for becoming operational, and the flow through them is linear to the applied voltage. The output voltage is again a 0 to 5 volts DC, corresponding to the flow through MFC. The MFC under calibration is first set to, say, 5 volts, and the gas under test (Ex. Argon) is passed through it into a measuring jar filled with water. This jar is then inverted into a container filled with water. The gas tube from the MFC output is carefully inserted, and the gas 





Conclusion:�The gas mixing unit described here is being used for prototype detectors of INO-ICAL. This is an open circuit system in which no gas recirculation is done. But for the final detector, a closed loop system with recirculation system is being designed.








 collected in the jar from one known level to other known level together with the time taken for the same are recorded. The ratio of level difference upon time is the average flow rate during calibration period. Then the voltage is set to say 2.5 volts and again the above procedure is repeated and time and level difference is recorded. This procedure may be repeated for many values of the MFC (input) voltages. Flow rates thus calculated and the corresponding voltages are plotted to obtain the calibration curve for the gas under test. This procedure is repeated for other gases with different MFCs. The result obtained on calibration of MFC used in our system is shown below.
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Fig9: Calibration Curves for MFCs




