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Abstract

The formation and detachment of droplets of the molten wire under conditions of plasma-arc wire

AR

SCEF| M SN, AT, BETT. EER N R A R T R B R ). RS 03T, 2021, 10(3):
761-771. DOI: 10.12677/m0s.2021.103076


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2021.103076
https://doi.org/10.12677/mos.2021.103076
http://www.hanspub.org

N
&

Gt

=

farey
=¥

spraying is a complex physical process, which is affected by various physical parameters. The
melting of metal wires and the formation and detachment of droplets directly affect the micro-
structure and quality of the coatings. In order to gain better understanding of the formation and
detachment of droplets, a mathematical model of the processes of formation and detachment of
droplets from the molten wire driven by high speed plasma gas is developed in this paper. The ef-
fects of physical properties (surface tension, viscosity, density) and inlet velocity of molten metal
materials on formation and detachment of droplets are analyzed. The results show that the larger
the surface tension and viscosity, the longer the droplet shedding time and the larger shedding
radius of the main droplet, in which the surface tension is dominant. The larger the density and
inlet velocity, the shorter the droplet shedding time, the longer the length and the larger the shed-
ding radius of the main droplet.

Keywords

High-Speed Flow, Metal Wire, Molten Droplets, Detachment, Simulation

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|15

S5 BT HL g (Plasma-arc wire spraying) e — M B iR ik 20, Horp A glRE A T4 AL B Bl 4
MBI EFERMN), WA TIREE Ak, S840 T Z AR iR Rk o B T R 2
EHFRAREA. S E. REERRER A, TR TSR W TR AR TR LS
B[] -

TESE BT A I SR R, 4 b D Rl 5 AR08 140 T 3 5 G 9 A2 B T 2 AW 48 g R i 2 g 2 2
DRI 25 o T V8 1 I A3 % I 7~ A0 D) 3 S B ke T30 R 55 85— SRV 2 T RO ARG T B A R B P Pk
ZH RN OGE 2] BIHETNIE, 2 FF @S T A SN R 2 iS5 B T HIUR AR B B R
X} 4 SR M E S5 B 7 S P AR A A B SRt R R R T B S R FE AT T R AR T3] (9] 1
EEREBES R Y, RA TS T R AR SEO AR E SO R i B s 5 IR0 R, A Rext 4
e s R R T B I T AR B AE R R o (R, A DA BN & RV B OB R A S AT N TR R B ot v it
T2 o fr S M e B e R B AT S IR N R 9

ARSCHENT TRl A B RIKEN T R A T S M T T R AR R, e R 4 R PR R o (3R
Tk I KRG 2 BE) DL RN AT i T i B B 3 R e e AT TR AL, 5 0l i 17 8 S8 a1
T BB e B E AR BE o B3R g5 18 vl DO S B8 7 ri g i i e ik s 2% .

2. M TE SRR
2.1, BT

SR TR IR R AR B 1 PR . R AT, BIERN R, EE N v, & RN LR
BT TR 1 S AR HE, @R A TR IR, SR T RRAER v, B
FEETREAM I AW . RS I OR, 2 A i i 5 2 T A SR I AE L . B R
FERLRTH AT T35 8 RIS T . F B R I R S5 T R b i 5 o U < SR 2 14 3 it

DOI: 10.12677/mos.2021.103076 762 e RSE TR


https://doi.org/10.12677/mos.2021.103076
http://creativecommons.org/licenses/by/4.0/

2

P

=

SICHAE RN L G m )z, MR, MERRET, BURARE, H N m St i i
s, i 2 fros.

Shielding gas Plasma gas
(Air) (Argon)

Sprayed wire
(anode)

Figure 1. Schematic diagram of plasma-arc wire spraying
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Figure 2. Schematic diagram of molten droplets formed by metal wire under plasma-arc wire spraying
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Figure 3. Diagram of curvature calculation
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Figure 4. Computational domain meshing
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Table 1. Eight different working conditions
# 1 )\ #MAEIANSHEE

b PR emmEADEEMY  BMEGRs)  REHARENM) 2 (kgim)
TH(L) 1.45 0.006 1.2 7200
T82) 1.45 0.006 1.0 7200
THEA) 1.45 0.006 0.8 7200
T.HL(4) 1.45 0.008 1.2 7200
T(5) 1.45 0.004 12 7200
T.4L(6) 181 0.006 1.2 7200
THL(T) 1.00 0.006 1.2 7200
TH(8) 1.45 0.006 0.8 6000

K5 0y 8 b o0 T M 2R oM TR S VAR . nEIFTR, A 00N SR R T B 7R 2
L, BIAAR B i b i 45 55 2 1 SR AR SIS AL O, BEE SRR E g, 8
KRG, ARG K . 20 ) AU I i S A BB, #E 2R 5K 7015 Y M T4 Hh BT
SIS IX 3~ A PR /N B0 T S0 A 0 30 I 0 5 55 B SR KRG P TR 3 O, DT S S8 A4
SR AR, ELE SR ARG B S AR A A

XFLEIE 5 Ff 8 AN [F) 200 o it < o AR AT F S B v S RE T 2 USRI, M P e 2%
T J I 8] 5 ot v AR AN, 5 SCE s 0 A R FLA 2 A AR I 25038 24 B — 2 Bise LGS 2 R T AR 8]
SRS AR
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Figure 5. Diagram of formation and detachment of droplet of molten metal wire under different working conditions
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Figure 6. Molten droplet shape contrast under different surface tension coefficients
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Figure 7. Molten droplet shape contrast under different dynamic viscosity
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Figure 8. Molten droplet shape contrast under different densities
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Figure 9. Molten droplet shape contrast under different inlet flow rates
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