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Abstract This paper studies the influence of buoyancy convection caused by the laser energy absorbed by air during
the propagation of high-power laser in a closed channel on the thermal blooming effect. A physical model of the
thermal blooming effect under buoyancy convection is constructed. Two factors that affect beam quality, namely
heat conduction and convection heat transfer, are analyzed by a numerical calculation method. It is found that
buoyancy convection can reduce the thermal blooming effect in the closed channel and cause beam centroid drift. The
far-field spot shape, beam quality, and spot centroid drift of array beams with different arrangements are studied.
The results show that the buoyancy convection under the interaction among the array beams is greater, and the
reduction of the thermal blooming effect is more severe. The conditions of beams at different positions with different
arrangements are different. Beam quality and centroid shift can be optimized by choosing the appropriate
arrangement. In addation, we verified that axial wind can be adopted to suppress the thermal blooming effect. The
results show that buoyancy convection can promote the reduction of the thermal blooming effect. When the axial

wind increases, the thermal blooming effect vanishes, and the influence of buoyancy convection gradually
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Table 1 Parameter selection of numerical simulation

Laser Laser Air Initial Absorption Waist Radius of  Observation Focal
wavelength power pressure  temperature coefficient radius channel distance length
A /nm p /W P /(10° Pa) T/K «/(07°m') a/mm d /mm z /m f /m
1064 10000 1. 01 293. 15 1.2 4 100 5 5
R JH B AT T B DA 3 18, 0 A Ja 531 0 L 3k 2 o
MK 1, S
2 HTARITIHE RIS
Table 2 Mesh division for finite element calculation
mm >
Distance from center Mesh cell size r
area R Maximum Minimum e 0
20 0.5 0.5 vl.”
90 6 2 1 TR BRITHE 0 S R 53 m 2
100 30 10 Fig. 1 Diagram of mesh division for finite
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Fig. 2 Temperature distribution, amplitude and direction of air velocity near laser source, and intensity distribution at focal
point when only considering heat conduction and buoyancy convection. (a) (d) Only considering heat conduction;

(b)(c)(e) considering buoyancy convection
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Table 3 Numerical simulation results

Centroid Centroid Change of Change of
o o Change of } ) } ;
Array Beam Beam drift in y drift in b centroid drift centroid drift
eam
arrangement position quality 8 direction /  direction / ) in y direction / in = direction /
quality AR
mm mm mm mm

Left 3.33 0.417 0.571 —0.415 0.417 —0. 139

Horizontal Middle 3.38 0 0.703 —0. 362 0 —0. 007

Right 3.33 0. 418 0.571 —0.415 0.418 —0.139

Upper 2,58 0 0.436 —1.160 0 —0. 273

Vertical Middle 2. 88 0 0. 538 —0. 865 0 —0.172

Lower 3.73 0 0.711 —0. 008 0 0. 002

. Left 3. 68 0. 348 0. 635 —0. 064 0. 348 —0.074
Positive ]

. Middle 2. 98 0 0. 555 —1. 160 0 —0.155
triangular )

Right 3. 68 0. 348 0. 634 —0. 064 0. 348 —0. 075

Left 3. 49 0. 320 0. 645 —0. 248 0. 320 —0. 065
Inverted ]

) Middle 3. 67 0 0. 706 —0.070 0 —0.003
triangular .

Right 3.50 0. 320 0. 645 —0. 246 0. 320 —0. 064

Left 3. 68 0. 445 0. 577 —0. 066 0. 445 —0.132

Slanting Middle 3.33 0. 101 0.712 —0.415 0. 101 0. 002

Right 3.62 0.479 0. 583 —0.122 0. 479 —0.126
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Fig. 4 Amplitude and direction of air velocity near laser source and intensity distributions at focal point under horizontal and

vertical arrangements. (al) (a2) Left beam of horizontal arrangement; (bl) (b2) middle beam of horizontal

arrangement; (cl) (c2) right beam of horizontal arrangement; (dl) (d2) upper beam of vertical arrangement;

(el)(e2) middle beam of vertical arrangement; (f1)(f2) lower beam of vertical arrangement
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Fig. 5 Amplitude and direction of air velocity near laser source and intensity distributions at focal point under triangular

arrangements. (al)(a2) Left beam of positive triangular arrangement; (bl)(b2) middle beam of positive triangular

arrangement; (cl)(c2) right beam of positive triangular arrangement; (d1)(d2) left beam of inverted triangular

arrangement; (el)(e2) middle beam of inverted triangul

ar arrangement; (f1)(f2) right beam of inverted triangular

arrangement
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