Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BRBOL_ BT RS RERN R BRI T

WA KA F4 M MM F X

Analysis of beam deviation induced by thermal blooming effect when high—energy laser propagating up in
atmosphere

Zhang Jian-Zhu  Zhang Fei-Zhou @ SuHua HuPeng Xie Xiao-Gang  Luo Wen

5] Fi{i5 &, Citation: Acta Physica Sinica, 70, 244202 (2021)  DOI: 10.7498/aps.70.20211138
TELR T2 View online: https://doi.org/10.7498/aps.70.20211138
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20211138
http://wulixb.iphy.ac.cn

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 24 (2021)

244202

58 Bt 1T R SR M =0
SHHHERIEITTR

KAEAE KW

G

WG A F U

(Ab B A EE S BA ST T, daT 100094)

(2021 4F 6 A 16 HYk#; 2021 4E 7 A 30 HEMEH)

MO A i R R

Ot R e HAK T BasyLaser, Xﬂﬁj‘fziﬁﬁﬂﬁkﬁkmﬁf% R TN

Wil &, S T I AL SR B R A, B T B AL S UK AR i

D 37 77 1) B O A B A 2

B AR AR AT TS, 25T, SR TR 2 000 P A8 2 40 REBE R, I o Ml 37 /1y '?jcgmﬂﬁﬂ*%gﬁl
A S I MRS K, A 3T 7 1) 5 2R o PR 8 B 0 7 [ AR . TR 5 Okt B AL 2 R R, ol
XEE R AL i B A% b IR S B A v S i ﬂ%iy’?ﬁﬁ‘ﬁ%%i%@ﬂ%qjﬁ‘tﬁﬁﬁﬂ’ﬂﬁﬁﬁ%&?&.

KRR RN, SRR, RS S, S ARl
PACS: 42.68.Ay, 42.68.Wt, 42.79.Ag

1 5

HOEKRAME T, KRR S FBOLRY”
JEART. KA SRR AR 5 AR R 55
FIRLERSC R, XM R G SR TR FH 28 CH e

RIS R AR 520, [ N A BT e
TREMHEE S SR -1 Gebhardt?! R4E
PRSP S TR M B S R B LR T
AN B P AT ESR I AR, 45 T Im LB
TwA% . G aR BE AR b A 5 TR AN 5 55 Y G R .
THEEAEAY, Zhang FI Ll X HRER00W 1 2 bR bl A
AT TS, BEEEAE DL AT 3 ARl A 5 4%,
TERE T SR BOCAKTHE BAZ F AR S e 1 3E DG
SEROE T BAEE, MR OGRS AL GRS
JRAE PR HES T T AFSE O IR L0430 R
AL i o PR SO0 M AR M T T LS
5. TR MG A 18 5 SR A D AR RS A8 ) A 5 M
M E SRR T T RIESY; EEXT T Bk vp o', 42
BT R A RLON R B AR A S IR T

i

t BIEVEH. E-mail: luo_wen@iapcm.ac.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20211138

Fe 9 A ik O R RO ) E AR L . RB s
A5 DOV B0 i 307 SF T SFIREMELIR, TP 10
FA) 2] TR iy I 8 2 A3 B8O R BIE 5. BRI B
A5 MBS EDER BT ehmia S g, PR T &
Ry BURE 7 M. AR IBE DR (12 B XA 5 sHIEAR
T WS DO i, TR T IR
Wi AT . TEDA 25 (191 R R SR B T4 33572 A
SRUAIESAT T RUERAUBTSE.

KA RN 58 55 38 5 >k H Bradley-Herr-
mann AJIERTASSEL Ny $fiidk 140
L on
Np = 2V2k /0 o7
P(2) - au(2) - exp [ / dz oy (2 }
X 1
P()CoR(2) M

A, BRI, PE/%J‘(J'&IJJZE, Rm‘/%f(;‘ﬁﬁ#ﬁé,
|On/ OT | RS RIEL, oS RN R KL,
a e RTHICREL, L RAGRIER, pRREE,
Cpre RTEIR LA, VIRTE 5 TOLAAL f A )
. (1) AT R H B A8 2500 Np J2 1 i

http://wulixb.iphy.ac.cn

244202-1


http://doi.org/10.7498/aps.70.20211138
mailto:luo_wen@iapcm.ac.cn
mailto:luo_wen@iapcm.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 24 (2021) 244202

& FOCHSRE AT L R RATH G B XL
A O P R AR

O R IE 5T R 3 R AR AR S8 Np
MAVEpR AN, RS IO AR A s AN R &
1 AR AL, T 22 Ul AR A O R GRS B
Y, A5G b XU 38 5 AR R g, PR
afi 5L T O A7 b o B A5E H IFAk TA 25007 X Ol B
TR E R, AP — e TG R 22, Rl 24t
XEE A AT AL, ™ EE I 0T T RE 1 B ITA AN
1B, PRSI HEAT B IE . &l 1 s, 30
WUT Z Wit , AR E A B )2, 5 12
fia] JXUTHL V2 X 7 AR A8 S8 N, S B0 SRR AT 01
55 2 JZ ) XU Vo 0 1 TR AR S48 Np , RBOEIHR
Tt R 6. 25 R b i B PEAL, WOGRZE G A
01 + 0y, A5 R FH R & PG, WG ZE G w3t
01 — 0y, BRI B PEA A i

1 bR K& 22 s B K
Fig. 1. Sketch map of difference between vector add and

scalar add.
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Fig. 2. Simulation parameter: (a) Wind velocity outline; (b) wind direction outline; (c¢) atmospheric absorption and extinction out-

line; (d) thermal blooming effect distribution; (e) flat circular beam; (f) hollow circle beam of obstructed ratio e = 0.4.
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Fig. 3. Typical far field distribution of the same thermal blooming distortion parameter Np but different Np: (a) Wind direction

outline A; (b) wind direction outline B; (c) uniform wind direction (270°).
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Fig. 4. Relation between centriod offset of flat circular beam and thermal blooming distortion parameter: (a) Thermal blooming dis-

tortion parameter scalar model; (b) thermal blooming distortion parameter vector model.
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Fig. 5. Relation between centriod offset of flat circular beam and thermal blooming parameter Np while wind direction outline A is

used: (a) Centriod offset in X axis; (b) centriod offset in Y axis

; () all centriod offset.
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Fig. 6. Relation between centriod offset of flat circular beam and thermal blooming parameter Np while wind direction outline B is

used: (a) Centriod offset in X axis; (b) centriod offset in Y axis; (c) all centriod offset.
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Fig. 7. Relation between centriod offset of hollow circle beam and thermal blooming parameter Np while wind direction outline A

is used: (a) Centriod offset in X axis; (b) centriod offset in Y axis; (c) all centriod offset.
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Fig. 8. Relation between centriod offset of hollow circle beam and thermal blooming parameter Np while wind direction outline B

is used: (a) Centriod offset in X axis; (b) centriod offset in Y axis; (c) all centriod offset.
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Analysis of beam deviation induced by thermal blooming
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Abstract

Based on the thermal blooming effect theory for high-energy laser propagating in atmosphere, the vector

model concept of thermal distortion parameter Np is put forward. Based on the vector model concept of

thermal distortion parameter and the laser system simulation software EasyLaser, the scaling law between the

centroid offset of laser beam farfield and the vector thermal distortion parameter is simulated and analyzed.

The simulation results indicate that the centroid offset quantity is in direct proportion to the modulus of vector

thermal distortion parameter Np, and the centroid offset direction is opposite to the direction of vector thermal

distortion parameter INNp. Based on the scaling law, by real-time measuring the atmosphreic parameters on laser

beam propagation path, the beam deviation of laser system can be conveniently estimated in practical

application.
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