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Abstract: Based on the magnetohydrodynamic ( MHD ) model, the dynamic mesh method
(DMM) was used to track arc-molten pool interface, and a mathematical model for coupled fluid
flow, heat transfer, solidification/melting and dynamic interface tracking during TIG welding
process was established. Firstly, a free-burning arc was simulated to obtain the accurate arc
parameters, such as the speed, temperature and pressure. Then, the four driving forces of
electromagnetic, thermal buoyancy, drag and Marangoni were validated respectively. Considering
the arc-molten pool interaction and tracking the interface from pressure balance, the TIG welding
process for the 304 stainless steel was simulated and the depression in the pool center and the
lifting on the pool periphery caused by plasma shock were obtained. It is shown that the proposed
model can simulate the arc-pool interface and molten pool shape more accurately in comparison
with the experimental data.

Key words: numerical simulation; arc plasma; magnetohydrodynamics; interface tracking;
dynamic mesh
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Fig. 2 Calculation domain and mesh

XEFRAH AG SR HIXS AR 5 2608, B 64 B O
300 R LA T B TP AR 4 i ) T BRLSR A

HL IR BEAR 14 52 B 1T ( HE ) A1) Sl A% J7 i
BRER SR TS TCEA T WA SR, 19 s
AR S T AL B B TT Y 52 S M T A R
figt, PO R R SRR e R R AR

_ 1 (Pi,l _Pi,2>AiAt2 —

PV

Zit " Zitear = 2

- P';p"w f RAL (14)
K.z, W E T HIT i ALFE; P, A1 P, 435
AR BIR R S AR T B AT TR
J15p, TR TE A, V, X 1, 435 N 8IC i 1Y
FTRR AR A 5
BEA SR I L TA FRARFRJ7 2219 FLUENT 4K
43R fi# , 38 3 UDS (user defined scalars) 5 UDF
(user defined functions) YK JT & >K fift HE WG Y7, s
TIRE L 5 | 45 20 X ST A9 5 B A, SR

Fx1 BREH
Table 1 Boundary conditions
A AB BC CD DE EF FG
P AP,/ 3z=0 aP,/ an =0 1.013x10° Pa  1.013 x10°Pa P,/ ar=0 aP,/ 3z=0
dp 1
® - T ar dp,/ dn=0 dp,9z=0 dp,/ ar=0 ap,/ ar=0 0
T 3000 K 3000 K 300 K ?TZ: =0 300 K 300 K

T e AR ISR AE 0 $ 10 L3k 1A i



1414 AKX FFR(ARFFIR)

% 38 A

PEMYE SCHR [ 4 ] TP Ag i £k 38 2. BF 2R H 304 A
BN, Z WS A AR i R A 2H A AR A A [ TR AR £k
Y5 R H B AR ) SR Y B S R R R
22 R,

*x2 YESHEBMEM

Table 2 Physical parameters and anode properties
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Table 3 Comparison of essential results with ref. [2]
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Fig. 3 Fluid flow,temperature field and weld pool
shape with different driving forces
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Fig. 4 Calculated weld pool shape without interface
deformation compared with experimental'"’
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Fig. 5 Pressure,temperature profile,pool shape and
mesh model after coupled interface deformation
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