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Numerical simulation of molten pool behavior in K-TIG welding
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Abstract: For the molten pool behavior in K-TIG welding, the Level-Set method was used to track the changes in the free surface of
the molten pool, and a two-dimensional transient numerical calculation model for stationary welding was established. The
influences of buoyancy, electromagnetic force, arc pressure, plasma flow shear force, and surface tension on the molten pool
behavior were investigated. The results show that when the buoyancy, plasma flow shear force, and Marangoni force with a
negative temperature coefficient of surface tension (0o/0T < 0) act individually, an outward flow forms inside the molten pool;
whereas when the electromagnetic force and Marangoni force with a positive temperature coefficient of surface tension (0o/07 > 0)
act individually, an inward flow forms inside the molten pool. The flow velocities in the molten pool under the individual actions of
plasma flow shear force and surface tension are of the same order of magnitude, but the flow velocity under the action of surface

tension is higher. In comparison, the buoyancy, electromagnetic force, and arc pressure have a smaller effect on the convection in
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the molten pool, among which the arc pressure has the smallest effect. When the buoyancy, electromagnetic force, and Marangoni

force with 0o/0T > 0 act individually, the surface of the molten pool slightly bulges. When the plasma flow shear force, Marangoni

force with 00/0T < 0, and arc pressure act individually, the surface of the molten pool exhibits concave deformation, and the

maximum concave deformation occurs under the action of arc pressure. The simulation results agree well with the experimental

results, verifying the accuracy of the model.

Highlights: (1) The free surface of the weld pool in K-TIG welding was tracked using the Level-Set method, and the interface was

captured more smoothly and accurately.

(2) The effects of various driving forces on the flow in the weld pool and the surface deformation were determined.
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Fig. 1 Geometric model and mesh division of numerical
calculation of molten pool. (a) numerical calcul-
ation geometry model; (b) mesh of the molten
pool

K b AR REG T, WL ; 0, HHTRE
PR IR 2K WL e, R TR R AL
G55SR [11-12], 8 Lk, AT LAAS ) BE
Tk B S SR 25 A, D
4T he(T = To) + or&r(T* = To*) (8)
0z
SCHEERE R SUS304 ANEEAN, 2 1 AR ] ]
15 30k [13] HE S BT COMSOL
Multiphysics #2373 3K fift, % FAF R A BRIT Ik
KA, TUE T R Y B N AL, T X 2

1 BRARETEERG RSy

Table 1 Thermal properties of transient numerical calculation model
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