55 34 555 12 ) o OOt 5 kK OF K Vol. 34, No. 12

2022 4F 12 HIGH POWER LASER AND PARTICLE BEAMS Dec., 2022

BB TR i

48 2R A S TR B R X B B B AR

EO%ROR B
(1. A ik ms R A 7 e A PR 28 /] P BB 5T T, LT 100048; 2. b E K2 BB FH BLHF5E T, L5 100871)

W OE: T O EEBSRGE R S EERCRZS)E , AR Bk e S B0 FLE B BT O 5, SER AR T
HAE K T8 S ms 5 0.1 ms (9 Bk b 48 BECT 48wl BEAT O B9 RRAE, T 5 RIS BRI B SR B Oy L WA R | R R
ZIRZ, ST T 53 )2 4540 5 HR A AR S B0 O M o S8 T AR R U S RO 0 B e R A AT T4
TE K 58 0.1 ms 149 ik vl BT 1 30 AR b T E K BE S ms B ik iR BT SRR R LAY JRLIR . WA R B, R U ORI ik B
7 QUL R R R (8o 05 2 = = N PSP 5o R s e BV o =g <o ) = e I A I S ) e 2 L o
IR 2K AN Rk S 1 e, i g DR TV T Ak 5 R i R R A BV R K AR AL B, B 1 K SE A R TR R AR e, B
K ik 8 A F T S i Ao A B AR R R

KA A BEASHGR IR Rl B kb 80 E R

RESES: TL626 MR A doi: 10.11884/HPLPB202234.220192

Dependence of tungsten melting and resolidification on
pulse parameters under transient heat flow
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Abstract: To study the influence of different pulse parameters on the melting and resolidification behavior of
tungsten after its temperature reaches the melting point under transient heat flow, the differences in morphology and
structure of tungsten after melting and resolidification under IPEB (5 ms) and CPF (0.1 ms) were experimentally
observed. The dependence of hierarchical structure and columnar crystal grain on pulse parameters was analyzed
considering the driving force of molten layer motion, cooling rate, temperature gradient and other factors. The reason
why the columnar crystal grains appear on tungsten at pulse width of 0.1 ms but not at pulse width of 5 ms was
analyzed by calculating the thermal action characteristics for two heat sources. It is found that the beam with high
current intensity and short pulse width is easy to promote the formation of hierarchical structure. The reason is that the
high current intensity of the pulse beam can cause the molten layer motion on the surface of the material, while the
short pulse width of the pulse beam can make the molten traces too late to recover and be quickly cooled and
solidified. When the sample melts under transient heat flow, short pulse width is beneficial to the formation of
columnar crystal grains and long pulse width is beneficial to the formation of equiaxed grains and grain growth.
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(a) SEM image of tungsten surface (b) SEM image of tungsten cross section (c) schematic diagram of CPF
irradiated sample

Fig. 1 SEM images and diagram of tungsten under compressed plasma flow (CPF) single pulse irradiation with pulse width of 0.1 ms
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(a) energy density is 0.95 MJ/m? 7 - (b) energy density is 1.03 MJ/m?

Fig.2 VCD diagram of tungsten cross section under CPF single pulse irradiation with pulse width of 0.1 ms
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(b) SEM images of stripping structure in the enlarged view of II in (a)
Fig. 3 SEM images of solidified droplet and stripping structure on tungsten under CPF single pulse irradiation
with energy density of 1.54 MJ/m? and pulse width of 0.1 ms
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/

R

IPEB
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(a) SEM image of tungsten surface (b) SEM image of tungsten cross section (c) schematic diagram of
IPEB irradiated sample

Fig. 4 SEM images and diagram of tungsten irradiated by 30 IPEB pulses with energy density of 3.82 MJ/m?* and pulse width of 5 ms
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Table 1 The calculated thermal characteristics of tungsten irradiated by two kinds of pulse beams with pulse width of 5 ms and 0.1 ms

particle energy density/ pulse melting melting layer
type (MJ-m?) width/ms time/ms thickness/um
IPEB 3.82 5 1.3 60
CPF 1.2 0.1 0.093 32
particle temperature rise temperature drop maximum axial maximum radial
type rate/(K's ™) rate/(K-s ™) temperature gradient/(K-m ") temperature gradient/(K-m™")
IPEB 5%10° 3x10° 4x10° 5x10°
CPF 3x10° 6x107 2x10°
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A TR PR B e IR i 7 A 25 0, I ELAR 48 VLR A6 B2 AT LA B8 1 B9 76 Bk 9 0.1 ms 9 fok i BT AR 0 A K
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J SR NI 5 e o A A | T YA NS N ) I ST = U €Y 70 M A S < N1 O = e 2 2 VNS00

0.8 T/K 0.8
2900
0.6 1921 0.6
1595
0.5 1269 0.5
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£04 616.3 £04
N 290.0 N
0.3 0.3
0.2 0.2
0.1 0.1 ‘
0 1 2 3 4 5 6 0 1 2 3 4 5 6
R/mm R/mm
(a) in the case of no crack (b) in the case of with crack

Fig. 5 The cross-sectional temperature distribution of tungsten at 5 ms after IPEB single pulse irradiation
with energy density of 3.82 MJ/m’ and pulse width of 5 ms
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g 2500 < § 2800+
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5 2000} 55 2400 5 palses
8 §E
- Q .—
“g 1500 1 pulses %“5 2000 |
1000 & 1600t
S00 . . . . 1200 - : '
0 0.002  0.004 0.006 0.008 0.010 0 0.2 0.4 0.6 0.8
time/s depth/mm
Fig. 6 The evolution of surface temperature with time at the center Fig. 7 Distribution of temperature at the center of irradiation area
of irradiation area under 1-10 pulses of IPEB at 3.82 MJ/m’ with depth under 1-10 pulses of IPEB at 3.82 MJ/m’
energy density and 5 ms pulse width energy density and 5 ms pulse width
Pl 6 B 7EfE it % 3.82 MI/m?, Ik 5E 5 ms [ 1~ 10 ¥ IPEB fjk i P 7 ELERE i 3.82 MI/m’, Ik 9E 5 ms Y 1~ 10 ¥ IPEB fik it
FR RS, R O TR B N ] 147 A R R T L P e v I A 16 3 BE A
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