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Analysis of fluid flow and heat transfer in weld pool during
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Abstract: A 3D transient model was established based on the theories of fluid dynamics and heat trans-
fer to analyze the fluid flow and the heat transfer characteristics in the liquid pool when a pulse laser
was used to weld the Hastelloy C-276 alloy. On the basis of software Fluent, the Finite Volume
Method (FVM) was employed to solve the control equations and the algorithm of SIMPLE was adopt-
ed to deal with the coupling of velocity and pressure. The P. number was induced to evaluate the rela-
tive importance of convection and conduction then to analyze the heat transfer characteristics of weld-
ing pool. The research indicates that fluid flow velocities along the welding direction in the liquid pool

increase with the increasing of the distance from the melting pool center, and then decrease. Under
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the given conditions, the maximum flow velocity is firstly found at the 0. 2 mm from the melting pool

center, then it reduces to zero rapidly and velocities in front of the melting pool along the welding di-

rection are slightly larger than that of in the rear ones. Furthermore, The convection leads the melt-

ing pool to wider and shallower and the interaction of convection and conduction decides the final weld

joint morphology. The numerical simulation is in good agreement with the experimental results,

Which proves that the model can provide a theoretical basis for the analysis of the fluid flow in the

weld pool during pulsed laser welding thin Hastelloy C-276 alloy.

Key words: laser welding; pulsed laser; fluid flow; numerical simulation; weld joint morphology

1 3 7

S =A% A AP1000 DI 4ok A 28 T 4k
BEN ¥z X, Hastelloy C-276 #3454 U H
B B R ek e 16 S AP1000 5 e X H 3 32 28 B
WCE AR Ok I T R AR —Fh sk
il EHOR B B R R L R AR R
B A A OL A 8z ] T AR AT AL A B
D) s S A AR SR K b O Xt B
EHATIRERIE . G EEMNER £ LR R 1R
BEVERE BT AR T R A R R O 32 0T
B MU B0 ) A3 BT R AT (AR B A S 1 O
SIS 4 I BE 37 A 37 A AR DR R W, T 23 %
GBS B B 7 AR SR PR IR A R e i U
AT BAGTRR I T oy B, R S T B
X R A Y v Y T AR UL Bl B A BRGEE AT LI | g3 BT
KE JBE A5 T B8C(E AR AL 1) 7 3k AT 5 2 o s 1t vh
(R A i B — R AR ) — N E TR, 3R
EEA LR RKYE T. DebRoy % AW T &
FE 0G5 IV o B 6 [ RRAE T T AR 4 b 1 45 el
BE [ 280, JF 5T T X 422 Sk SO A 4L Y
ey 7100 % [ R A0 R K A2 b 43 LY S, Kou
S NN RV T O S5 TR A AR b 1) 3 B
AR G T TR ) R R T 5K ) B FEAE D WA 4
R R O S DA e R ol e 3 T AR5 O]
S 45 0 5 (0 5 e S s T Bl X AR A e TR 1 R
e TR L AR R 2 i A A A PR M A A
M7 E T T a8 S i PR TR kol TIG A5 4
Wi 5 R G a2k, AT Al R 7
TR X% GTAW S H2 45 b v (9 3t 14 3t 2 5
1% PR TR T T AR 09 2 2572 A ok B AT T RUE
B b R B 4 B S T A i 2 5T 4R

T Fluent SPFHTSE T 4548 15 1 0 28 0 6 it IR
B RIREE RO M, LR R T
Fs b (0 BRE Ao AR L T U Bl B 9K Bh ) e Bl SR
AR T A R T R R 3 B A KA BARE P 23 B
B T I 2 PR 208 AR A OB % il TR 3 o3 A AR

o, P, AR SCHEF Fluent #00F, @50 7 =
HEAL P BT T TE TR R 5 o0 A AR
e 14 1L PR

2 BAFS

2.1 EAXRE

A Jk i Ot K 4 S PR ) B R L AR AR
AR (D BRI W 3 R 3R P (2) 8
5 3, v P A A SR S T R A A AR 5 (3) TR
AT (140 17 e PR AF B v 07 0 A 5 (4D b1 235 B2 R
Boussinesq {5 i% ; (5) /% JERE I 5] A JC 2 MR
HEWSZ A 5 (6) /N 75 JEE L N I BT 9 B S 0 F .
2.2 ERFRE

PR B 3 RS A R TE N it rh U B
VIR B (R4 1 AR A A A ) 2 A B e B A E A
s il RR AT A R i R R

LD 4 div(Ug) = div(Dgrade)+S,, (D)

Kol 2w, Do) XY R U il
JER B, S, ) PRI (Rl 45 3 £ <y A8 D7 B oIk
DX AR PH 0T, = il )7 ) 0 0 0 DL K RE & Oy AR D
AT IRITTEE) 5 o S M OBHY % B
2.3 R4 E

KL s RS R Rt A, Hiba
NIRRT R kY BOR B OB I
ABL P ABOCIIR, » MO R, e A
B TH K 8%, 6 A Stefan-boltzmann # #1, h. &



536 ﬁlﬁi

T TR

5 20 &

X R, T O XY B2 TH IR, T b P8
B w0, w AN oLy 23 ANTJT I L RGEEE, ol
BB RE, y M FERMK S1,0v/0T NFEMK N

A du_vdT
VR T aTdx -
!  du _dydl" -k f,]—_ =anP/mrexp(-a(x*+y7)ir)
VM AT .
iWeId pool y=0"
- R v=10
Symmetry i Weld pool boundary | w=0
! —k g—f‘:.c:(r(’."‘—T},*)-l-h‘.(_?'—?},)
: u=10 -
v=0
w=10
kT T T )4 (T-T,)

="

B R AR R

Fig. 1 Schematic of boundary conditions
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Tab.1 Welding parameters

Pulsed energy Duration Welding speed Defocus Repetition
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Fig. 2 Fluid flow in melting pool
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