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Abstract

This study investigates the influence of magnetic fields on the dynamics of plasma and combustion
waves induced by millisecond-nanosecond combined laser irradiation in fused silica. By construct-
ing a numerical model of combined laser irradiation on fused silica under a magnetic field environ-
ment and establishing a multi-physics coupling model based on magnetohydrodynamics (MHD) the-
ory, we conducted systematic theoretical analysis and simulation research. The study focuses on
the temperature evolution and velocity distribution characteristics of plasma and combustion
waves. The results indicate that the magnetic field significantly alters the thermodynamic proper-
ties and expansion dynamics of the plasma. Specifically, under the influence of the magnetic field,
the peak plasma temperature increases to 2611 K, and the time to reach the peak temperature is
advanced to 0.59 ms. Simultaneously, the plasma expansion velocity is significantly reduced, with a
peak velocity of 162 m/s occurring at 0.85 ms. These phenomena are primarily attributed to the
magnetic field’s constraint on charged particle motion through the Lorentz force, which suppresses
transverse plasma diffusion, enhances energy localization, and increases temperature through
Joule heating effects, thereby limiting the growth of combustion wave velocity. This research re-
veals the synergistic mechanism between magnetic fields and combined pulsed lasers, clarifies the
evolution mechanisms of plasma and combustion waves under magnetic field regulation, and pro-
vides critical theoretical support for the design of high-damage-threshold optical components, op-
timization of laser processing techniques, and future plasma control and applications.

Keywords

Magnetic Field, Laser, Fused Silica, Plasma and Combustion Wave Dynamics

Copyright © 2025 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|8

WA IR SO B R E AL, TN TR RBOL RS, A, mEEBOLERT, M
BRI AR AER A 2061 B SR RN R i = S SR B 1A, JFFEBEIABE ™ A S 1648, S BUsnt
NG MR RO R R RO TR, RGeS AR E M S A A [1]-[3]. RSt ki
JC(ZERD BN AFAE SR IR 2 AP RPN T3 AL, MELUM A A R 8 GNPk RE AR IR LA
PRo ik, =80 - R ALE ket B0 BOAE I N e U A S RE R AN, FE 2 A0 Bk kUM A BAL A RLER T
HFH AR Bk SC Bl A B S RE B IE,  RBCR — kP B RE AR S (HAE S TR RE P
PP S RE AR R ] 20 5 R TR

NIRTHHOC S YA EAE AT, SNSRI VR0 1 22 T B2 BI5GTE(4] [5]. Mhmisid it 227
L0 R T s, ISR TR YT, IR S R R AR RN, Ptk RE R AL S5 3
SWAAT . B, Harilal A [61R DUHEA 1 T 45 B 7 AR B R AR AR 2 T s SkEZWISEA
(71 FER WA (R 37 2% A PT A S5 B TR A, R SER I X0 25 B - 1R 22 18] 3 A B T R 77 . FL R
Wi 26 T AL Bk ot S0 SE TAE R (W FE U5 b Tl 0 B B, Bk S5 B TARIR R - AR S AL
IR 1 AN AR . AN SCRERSE B AR BRI B D024, RS T =R - NP AL ik O e/ A
WESA A T 5 55 B TR R B R LA P A AR AR FILA, 4R ii3s 5 L6 ik ot )

DOI: 10.12677/app.2025.154019 177 S A B


https://doi.org/10.12677/app.2025.154019
http://creativecommons.org/licenses/by/4.0/

B %

PREAE IR, vttt et S0 T 2R gt Eie S0
2. BUERE

RiEE Hiih
SR x
SRR
E
® bt
Tl
i BRI S

Figure 1. Schematic diagram of the combined laser irradiation model for fused silica under magnetic field conditions
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Table 1. Material parameters used in the numerical simulation
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Figure 2. Comparative analysis of temperature distributions in plasma and combustion waves with/without magnetic field
application
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Figure 3. Temporal evolution of plasma and combustion wave temperatures under different magnetic field configurations
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Figure 4. Velocity profile comparison of plasma and combustion waves in magnetic/non-magnetic environments
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Figure 5. Time-dependent velocity variations of plasma and combustion wave propagation with magnetic field intervention
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