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Abstract
Temperature control is a critical parameter in sodium experimental facilities for component testing and qualification of sodium cooled fast reactor. To compensate for heat loss and to achieve the required test temperatures, a heater vessel has been designed and manufactured to heat flowing sodium through electrical immersion heaters. The heater vessel comprises a cylindrical shell with torispherical dished at both ends, lug supports, and U-shaped immersion heaters rated 5.5 kW each to heat the flowing sodium. The vessel diameter was arrived by optimizing two contradictory requirements: clearances between heaters and sodium hold-up volume. The heaters are mounted on the top dished end by employing sleeve welding method to avoid puncture of thin heaters sleeve during welding. Heaters are arranged in circular patterns on nine different pitch circle diameters (PCDs). This configuration ensures uniform heating and proper heater support to mitigate flow-induced vibration which is not feasible in conventional radial pattern arrangements. Provision of bottom inlet nozzle ensures complete sodium draining from the vessel. Similarly, positioning of side outlet nozzle at required elevation ensures that the active length of the U-heaters is always immersed in sodium during operation preventing failure of heater elements due to overheating. The heaters are provided only in the crown region of the dished end to minimise stresses arising from geometrical discontinuities. Additional provisions were implemented at inlet nozzle to suppress flow-induced vibration and at outlet nozzle to prevent argon entrainment. The vessel has an inner diameter of 750 mm and an overall height of 1900 mm. ASTM A 240 type 316L stainless steel was selected as the construction material. The vessel is designed for an internal pressure of 0.4 MPa at 600°C and full vacuum at 200°C. Utmost care was exercised during design, material selection, fabrication, inspection, and testing. Fabrication was carried out using full-penetration Gas Tungsten Arc Welding (GTAW) followed by 100% radiographic examination to ensure defect-free welds. A dedicated distortion control strategy by incorporating an optimised welding sequence and controlled heat input was employed to minimise welding distortion. Pneumatic and helium leak tests were performed to verify structural integrity and leak tightness. This paper highlights quality assurance measures, the challenges encountered and solution evolved during design and manufacturing of the heater vessel for the sodium experimental facility.
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