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Abstract: Based on computational fluid dynamics, a steady-state three-dimensional numerical model was established for the
tungsten inert gas arc welding (GTAW) process in ultra-narrow gaps (<8 mm) to investigate the characteristics of the arc un-
der different groove widths. Through calculations, the temperature field, velocity field, and pressure field of the GTAW weld-
ing arc were obtained for different groove widths, revealing the relationship between the groove width and the temperature
of the plasma, the pressure distribution on the groove surface, and the current density distribution on the groove surface. By
comparing and analyzing the calculation results for different groove widths, it was found that when the tungsten electrode di-
ameter is 1.6 mm and the groove width is less than 7 mm, the arc mainly conducts through the sidewalls, and its primary
thermal action is also concentrated on the sidewalls. However, when the groove width is 7 mm, the arc begins to conduct
with the groove bottom, and due to the arc compression effect, a localized high-temperature and high-current density area ap-
pears at the groove bottom. Through simulation, it was found that for this specific joint, the critical groove gap to prevent arc
climbing is 7 mm. Furthermore, when the groove gap is 8 mm, the arc is fully concentrated on the groove bottom, forming a
vortex at the weld root, which is beneficial for the fusion of the weld root. In the experiment, a high-speed camera system

was used to record the arc morphology under different groove widths, and it was found to match the simulation results well.
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Fig. 2 Surface current density and temperature distribution on the

cathode
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Table 1 Boundary conditions for the narrow-gap GTAW arc plasma
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Fig. 3 Arc models for different groove widths
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Fig. 12 Variation of arc morphology with groove width for T-joint configurations
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