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Abstract . Electrode induction melting gas atomization ( EIGA) is an advanced powder preparation technology for produ-
cing ultra-clean, inclusion-free powders. The atomization powder preparation process involves multi-physical fields coupling,
complex mechanisms make atomization difficult to achieve precise control, while numerical simulation can intuitively repre-
sent this intricate and hard-to-master process. Based on the structural principle of the Laval nozzle, a supersonic nozzle mod-
el was constructed using the SolidWorks modeling software and imported into the computational fluid dynamics software Flu-
ent for two-phase flow simulation. The atomization process of high-speed steel molten flow is divided into primary atomization
and secondary atomization. A more accurate large eddy simulation ( LES) method combined with adaptive mesh method was
used to simulate the molten flow with different diameters (3, 4 and 5 mm). The primary atomization simulation was consid-
ered complete when the outlet mass flow rate tended to stabilize. For secondary atomization, a sub-model was established
based on the primary atomization, and a single droplet with a particle size of 0. 5 mm was extracted for simulation. The re-
sults show that the supersonic gas jet impacts and atomizes the high-speed steel molten flow. During the primary atomization
process, as the diameter of the high-speed steel molten flow increases, the average particle size of the droplet group formed
by its fragmentation also increases. The secondary atomization adopts a more precise mesh to capture the finer droplets gen-
erated by fragmentation and atomization. The simulation results indicate that the particle size of the droplet group is mainly
distributed in the range of 50~250 wm.

Key words: numerical simulation; primary atomization; secondary atomization; high-speed steel molten flow; particle
size distribution; Laval nozzle
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Fig. 6 Boundary conditions and grid settings for single-phase argon

simulation
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Fig. 7 Boundary conditions and grid settings for gas-liquid two-phase

simulation
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Table 1 Physical parameters of argon
Argument Numerical value
Density/ (kg/m®) Ideal-gas
Specific heat capacity/(J/ (kg -K)) 520. 64
Heat conduction/(W/(m -K) ) 0.0158
Viscidity/ (kg/m +s) 2. 125¢-05
Molecular weight/ (kg/kmol) 39.948

®2 mEwmmEsy

Table 2 Physical parameters of high speed steel''!!

Argument Numerical value
Density/ (kg/m®) 7700
Specific heat capacity/ (J/ (kg <K)) 500
Heat conduction/(W/(m <K)) 25.5
Dynamic viscosity/( Pa +s) 0. 0092
Liquidus temperature/K 1695
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broken powder, (b) satellite powder, (c) torn surface pow-
der, (d)spherical powder, (e) hollow powder; (f) SEM im-
age of the prepared powder

5 & it

ARSOX U SERE A A T 55 A P Al BR ] S e A
BE, iz TR AR ) A B D 7 0 0 v S A Y 25 AL
AR TR, 3 i Y R A e i I Y g e AR A
RS, frEAENG R SE TRERN, 5IAR
SR EAT AR 55 AL, e A O 2% AL i
R — S — IRk,

FE—REA AR, S X A R ROR BAR (3, 4 Al
5 mm ) SRR 030 R 1) RS oA, 2 BB 6 1 9 90 0
FARHBIR, BRSPS RAR B O, SR — S ki
FEHPEAR 0.5 mm BB T IREALEAY, AR
TR FEDRS B2 00 o B0 I R DL 45 5 1 0 IO 8% A R
o R SRR TR R, AR AT,
TR R 5K Ty, AT A, Tkl i rh 2

— WA TN A /N, R S AR B RLAR
BLOMETE 50~250 wm,

SEZ Xk References

(1]

(2]

(3]

(4]

(5]

(6]

(8]

[9]

[10]

(1]

[12]

e, EME, MR, S5 PEBDRER[], 2020, 39(1): 70~
7.

XU G L, HUANG P, SUN X, et al. Materials China[J], 2020, 39
(1) 70-77.

Z=HL, M5, BRAE)T, ORI & T[], 2022, 32(4).
67-75.

QIN Q, YANG F, CHEN C G, et al. Powder Metallurgy Industry[J ],
2022, 32(4) ; 67-75.

W, TR, BIER. MARETI], 2022, 32(1) : 69-77.
YANG J, WANG X F, GE Z H. Powder Metallurgy Industry[J],
2022, 32(1) ; 69-77.

Hig, NS, SKIERE, S WEIER(T], 2018, 67(17) : 41-51.
XIA M, WANG P, ZHANG X H, et al. Acta Physica Sinica[J],
2018, 67(17) ; 41-51.

TR, BT, B, AR OMEARRETOL[T], 2022, 32(4) : 8-16.
ZHANG X L, TAO Y, JIA J, et al. Powder Metallurgy Industry[J],
2022, 32(4) : 8-16.

BRI, BRI, SR ABeR (], 2019, 16(5) : 6-10.
ZHAO X F, CHEN S J. Journal of North China Institute of Science
and Technology[ J], 2019, 16(5) ; 6-10.

WANG P, LI J, LIU H S, et al. Chinese Physics B[ J], 2021, 30
(2): 563-578.

B, EH, SRR, % HEAERR[T], 2018, 39(3): 556-
564.

YANG G H, WANG K, ZHANG M Q, et al. Journal of Propulsion
Technology[ J], 2018, 39(3) : 556-564.

T, WRiE, 2ok, S AL TREEMRT], 2016, 32(19):
57-64.

YANG C, CHEN B, JIANG W L, et al. Transactions of the Chinese
Society of Agricultural Engineering[ J], 2016, 32(19) ; 57-64.
TG, WA, RIEA, % PURBTSHIET], 2020(3):
51-54.

WANG S L, ZHEN M, WU Z R, et al. Machinery Design & Manufac-
ture[ J], 2020(3) ; 51-54.

WANG P, LI J, LIU H S, et al. Chinese Physics B[J], 2021, 30
(5) : 628—640.

ZRIR0T, S, S BRTHIBRLT], 2018, 36(1) . 84-87.

LIS J, WU M, DOU R H. Machinery Design and Manufacture Engi-
neering[ J], 2018, 36(1) ; 84-87



