w23l HAH FOE ¥ )t Vol. A23, No. 4
1996 4¢ 4 A CHINESE JOURNAL OF LASERS April, 1996

Bl Nd + YAG BOER TSR 5
Bty B 130,

FAT $HER HxHE

(TR 3E AR TR, F% 710049)

RE LISEMEEZKIRE Ry RA, B AR ERITE, X oR Nd « YAG $OERE 5L
BMERSREHNEEKAGRGHAT TERSH. ERFERBPEERT BB R R
SEEGAETRERIR . AR RS ENRBK I BTERBPEFRT RREK N SEN
BEEHM A ZRRFTTRT 1Cr18NiOTi AFMA MMk b 18 BRI T I KRR, 3
SLRWRT T HE. SREW. L Z BN R P ok o8 —bkoop T2 B0 R i AF KEARF
FF T S o 0 Rk v AR AR S Sl L

X8 YAG MOt sE, B B, BES

fkh Nd : YAG B & #0645 -5 7 AR S8R A HE S K COo. Bt A, A AR
ThERFHEF B RO R A A B R T SO A/ R R/ T 0.5 mm) T ERA R4
BRI RTIR. TS CO, POLRE H BT BV FUERBU CH IF S ME™, HXF fk i Nd
: YAG [BMAROE R H £ SEEUE A AT a9 RE AR A . Bt FRECE R A 2 B /A mRE,
3 LA Stefan 5 PF{ERZSh B /BT A PB R R . XERER L LRA KB #ES0ER
EBRE. ATEMEERHTBERL,HEMT HRER; GERH THRZR MNTHES
CPU BF ], Voller™ 2 A % & i) 4 8] 4H 2% 82 K 38048 — LAY , 1 AR X L DUH B0 & A X A9 45 4
WUEH—ER R RARE, FH R B R AT DR BT R, S — LB SR R R AL 2 [
MRE . B BN EEF SRR HSHEE /S |, BIZH 7 B 45 Patankar' {2 1 4918
AR —EL 7 — ML RURAR SRR,

A3 H H AR A LR AR B 2, o AT RS Nd : YAG BOCR A LB K AR
Y Bh A0 iR BE S B st (] a9 AR L BR ER kb 4R A T A K0 R AL BT R, W IR T R AR M 3
178, #E— W 5o ve A BERHE KX B A S R R B E LTl .

1 FREBEF SRS
Bkw Nd : YAG [5O3 A B 00 2 b M6 ML YI8901 AUk i THL b 347, ¢

» EFESHETE (H3%)(85-725-01-09-03) Yt B .
WHEERA : 19954E 4 F 14 H; WRIEEW B« 199549 F 18 H



370 h H . X% 23 4%

®5HHERFHE Y 1Cr18NiSTi(Fe, Mn, Cr, Ni, Si f9EH B EH 4 L4514 69.9, 0.32 [18.1
.8.4,0.69), iLHRFH 35X10X0.8 mm, ¥IEaFH K GER Y 9 J, BkohReLEm RN 3
ms, $FE K 10 Hz, FHFEE N 5 mm/s, FHEARERN 0.25 mm, HEUHWTHM, ERE—K
PSR A, BOERMBP R 0. 015 mm, I TFRAEFHEINAFEA 0. 06 14,
B, B ERA TR XSRS EE, U 0.018s A, AAEZSHART,
AP oh chfg— ko = A5 IR SET B 5 R — Kb & AR S B, Wl it
WAL,

2 FUEEEA
ARSI

a BETEEE t mrlE

c o7} : T iR B

e P IE g SR

fi YOUHE T B4 B u, v 21 e
g B Sy BE o AT R

g g L B AR AL B p H

h B v FHE 5K h

he Huth Z AL 0 Boltzmann #§ %X
J AxSitEE AH H T A HE R
k SER B Y3 R

L J A v B TR

P | Eh o aE&AT

P’ TFHEESE L WA

Ty Z 2 1 il 1] 2R R s ki

ref Z%1{g
2.1 BHlARE
£ XA — WA R, R AR AR T 498 HER A
Ao Kped) | L20od) _ 2 (1,29 4 L 261,20 + 5, 1

¢ =1 Bf, FREGEES ;0 = u 5o I, 505 Fom N 42 7] 5 Rl 7] Y Navier-Stokes J7 72, B 3 B
T 0= hi, RRERTRBLELAD.
Te il Se REZMBEHY T XY HOATAMT LW REREANRE 1,
REEE. BEEE.RSIRABEBEELWT .



4 BAT 2. Bkob Nd + YAG BOERESE N 55 2057 0 3 1800 371

u = fiu v = fiv,
P = DP:Ge+ PG k= gk + gk 2)
k=£C.dT JH=£(C;—0.)dT+L

S X 8 4 3 4 S LA AR T, 253 BT R e 51\ — 5 4 B 2 LB T, B
-up/ (K p) K %R, 7 | Kozeny-Carmam J7 2§k :

R = Ku( (1—9-—'39..)3) (3)

Table 1 General diffusibilities and sources of control equations

F. S’

Continuty Equation 0 0

ia] N— £ _9?_mp,
Radial N—S Eq. m( P:) Ir K,o,“ M

. P _3dp _ mp P gBCh-be)
Axial N—S Eq. ‘""P( m ) dz K,o;” o
) k _Hpfidill) (pv 61 __l_a(rpn 811
. Energy Equation . Y, 32 " 3,

22 HREHE |
B 1 Bk Nd + YAG [ G2 T 1 5t

B B A R, Model 1 A BLHSE &2 y

— R R, Model 2 i AR RFUBKSE A

SR B BT R B 15 2 /me%¢_7
P, OB A A B B BB B Gaussan 45431 oy

3Q 3r? i-f
Quaser = ﬁm(r_f) 4)
ﬂﬂ@:ﬁﬁt,ﬁﬂgﬁﬁ%ﬁ : . Fig. 1 Schemetic illustration and numerical

simulation model for laser surface remelting

G = h(T-T.) + & o(T* — T4 + D Ji\H,
. <

(5
BB R[50 2200 iR 45 1, <L B B 5@ R Langmuir 7B HAEAY 305
Ji=4.37 X 1073/M,/T P, X 30% (6)
S 4L HE A7 S 4y EE#% Block-Bolten 1 Eager'® J7 R .
P, = a; P! (7)
EHE A A R L, Fr R AR K 58I AT
w(53)==(57)(57) ®

HEnFRHERLE 2,



372 B m % s

Table 2 The boundary conditions in computational region for model 1
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Fig. 5 The solidus as well as liguidus and streamlins in molten regions

at different heating times for different pulses of laser beam
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Numerical Simulation of Transient Fluid Flow and Temperature Field
During Pulsed Nd : YAG Laser Surface Remelting

Lei Yongping Shi Yaowu Zhou Jiajin
(School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049)

Abstract  Based on one tegion continuum model for alloy phase transformation, the
transient fluid flow and temperature fields for pulsed Nd : YAG laser surface remelting have
been calculated by using numerical simulation method. The absorption (melting process)
and release (solidifying process) of latent heat, the heat loss by alloy elements vaporization,

radiation, and natural convection are included in the solving conditions of the energy
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equation. i1nc né re included in the solution of

uoyancy vel W a icluded in the solution of
momentum equations. According to the experimental condition, the melted region shapes
and sizes are calculated for 1Cr18Ni9Ti stainless steel in pulsed Nd : YAG laser surface
remelting of lower frequency and a shot pulse duration. It is revealed that a tow —
dimensional axisymmetric model can properly simulate the transient fluid flow in the melted
region and the melted region shapes for either individual pulse or a series of pulsed
overlapping remelting regions.

Key words YAG laser surface remelting, numerical simulation, temperature field, fluid

flow



