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Abstract; The thermal coupling effecting on laser beam combining optical system is studied in this paper in
order to analyze the imaging quality of the system. The laser beam combining system is modeled using optical
design software, and the gas fluid model is established based on heat transfer theory according to the structure
of the optical system and the parameters of the flow field. According to the ray tracing method, a user-defined

function is defined and the wave aberration coefficient caused by the thermal effect of the medium gas is quan-
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titatively studied through numerical simulation. The influence of gas thermal effect on the laser optical system

at different time is simulated and analyzed. The results show that the rotational symmetry of the thermal effect

in the beam combination system is no longer noticeable under the influence of gravity, but stratification chan-

ges with increasing temperature, and the non-uniform thermal effect is dominated by low-order aberrations.

The wave aberration coefficient can be imported into the optical design software to quantitatively analyze the

transfer function of the coupling of the complex optical field and the thermal field. At this time, the wave aber-

ration is deteriorated by 0. 31, and the transfer function value is decreased by 0. 1.

Key words: laser beam combination ;imaging quality ; thermal effects ; atmospheric optics
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Tab.1 Parameters of gas medium in standard state

Parameters Value
Density p/ (kg » m ™) 1.250 6

Thermal conductivity A/[ W/ (m - K) ] 0.026
Thermal expansivity o,/ [ 1/K] 0.003 356
Capacity C, /[J/ (kg - K) ] 1 040. 67

Refractive index n, 1.000 279 3
Thermal refractive index coefficient
-0.929 x10°°
n,/[1/K]

Absorption coefficient /[ 1/m ] 1 %1071

R2 AFEMRRHFHSH

Tab.2 Parameters of optical structure and fluid field

Parameters Value
Single channel heat flux Q/[ w/m*] 200
Operating pressure P,/ Pa 101 325
Entrance pupil diameter D/mm 800
Single channel EPD D,/ mm 200
Optical path difference Opp/mm 1 000
Gravity acceleration g/[ m/s” ] 9.8
Wavelength A/nm 1 060
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Fig.1  Optical model
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Fig.2  Wavefront map at exit pupil of optical system in

different position
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Fig.3 Fluid model(a) and ray trace model(b)
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Fig.4 Phase distribution(a) and Zernike coefficient(b) under radiation for 5 s
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Fig.5 Phase distribution(a) and Zernike coefficient(b) under radiation for 60 s
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Fig. 6 Pupil map of optical system in different position
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Tab.3 Optical Diffraction MTF (60 lp/mm)

Position 1

Position 2 Position 3 Position 4 Position 5 Position 6
0 s Focus Position 0.412 0.407 0.407 0.407 0.407 0.412
5 s Focus Position 0.411 0.405 0.391 0.410 0.402 0.398
60 s Focus Position 0.410 0.339 0.359 0.349 0.375 0.286

4 % #®

ARSCHR A A 31 BT 0L 5 30
FARG RIS RO M A RCE L TR
IR RS W T3, T A R AR A

ASCBBEAAE T SRR 5 7 A A7 12 e e o
PRoT A, Rl 1] R, 2 1, SOt R
60 s I, SRRSO AT e X PR PR AE A AN P
W I E T v AR S B IR AL, A RO
RGN DU B 5 22 0 3, o it s
fE RERFIRB R 2230 5 T 80% LI b, PR 2



51 3 2R, SF O A RO E R G RN R T 43 B 113

FHA0. 30 LB R BT 0. 10 Tl %07 ik A 7“6 RGN TR A B RO R ST A B
ARSI G RO REAROCINEATE BRI L SRON AR B 15 2 A A AR
TP AR AR, TN AR BB BeN 24555 B SR X

S Lk

(1] ke, Tamd, Ak 4,5 BECERENRGEL ] b5 % £42,2015,23(11) :3033-3040.

ZHANG W,YU X F,ZHOU L SH et al. . Thermal aberration in precision optical system[ J]. Opt. Precision Eng. ,2015,
23(11) :3033-3040. (in Chinese)

[2] BREAUX H,EVERS W,SEPUCHA R,et al.. Algebraic model for cw thermal-blooming effects[ J|. Applied Optics 1979,
18(15) :2638-2644.

[3] LADERMAN A J. Thermal blooming in axial pipe flow;comment[ J]. Applied Optics,1980,19(14) :2269-2270.

[4] STEPHENS T,JOHNSON D C,LANGUIRAND M T. Beam path conditioning for high-power laser system[ J ]. The Lincoln
Laboratory Journal ,1900,3(2) ;225-244.

[S] &4, DA, B, 5. BOCHBOV A OERE R R GHCR BRI m [ ], + Bk, 2002, A29(10) - 895-
899.

JIN G,LIU SH F,LI SH M, et al.. Laser thermal effects in beam control system on the emitted laser quality[ J]. Chinese
J. Lasers 2002 ,A29(10) :895-899. (in Chinese)

(6] Fdh M, & a A, JOLARSIEAN Nt B PO 20 5 Rk 2 [ ], F B8 58,2004,31(10) - 1193-
1197.

JIX L, TAO X Y,LU B D. Influence of laser nonuniformity and thermal effects in an inner optical system on the far-field
behavior[ J]. Chinese J. Lasers,2004,31(10) :1193-1197. (in Chinese)

(7] 3hizsg, JHKFRE,F. NIEERS SR E R B(ERILLT]. F B#0k,2011,38(2) :020213.

SUN Y Q,XI F J,XU X J,et al. . Model for the optical field and fluent field coupling effects[ J]. Chinese J. Lasers,2011,
38(2):020213. (in Chinese)

(8] #Ams, ide, oAt 5. B A TE P PR S RONXTEOG A A [ ], 3308 5 4 R ,2013,25(7) :1651-1656.
HU P,SU H,AN J ZH et al. Thermal coupling effects on laser propagation in closed tube[ J]. High Power Laser and Par-
ticle Beams,2013,25(7) :1651-1656. (in Chinese)

(9] 3h, B= 1@, 800 w2 PR G R RGN [T ]. 65 #% £42,2015,23(1) :3097-3106.

SUN Y,GAO Y G,SHAO SH. Influence of high power laser thermal effect on beam combination system[ J]. Opt. Preci-
sion Eng. ,2015,23(11) :3097-3106. (in Chinese)

[10]  ZL49, 3020, AR 4k, 5 WOGHR IR BERS A B A B VIS TE [T ] Bk 52,2015 ,8 (1) :84-90.

NIE SH J,GUO J,SHAO ] F,et al.. Thermal deformation of high absorption chrome plated mirror irradiated by laser
[J]. Chinese Optics,2015,8(1) :84-90. (in Chinese)

[11] i, Xpab, i s sk B Do A/ N R L EOR [T . B % ,2017,10(3) :321-330.

AN H X,DENG K,BI ZH Y. Miniaturization and lightweight technology of high-power laser equipment[ J]. Chinese Op-
tics ,2017,10(3) :321-330. (in Chinese)

[12]  RSEEE, #4840, . ZE TR BB PID £ 50 LD K IR FE[T]. b5 45 % T42,2017,25(3) . 648-

655.
ZHANG K F,JIANG T,SHAO L,et al.. Research on precision temperature control of laser diode based on the novel fuzz-
y-PID control unit[ J]. Opt. Precision Eng. ,2017 ,25(3) :648-655. (in Chinese)

[13] YU H H,HU P,AN J ZH et al. . Thermal blooming effects of gas on laser propagation in a closed tube[ J]. Proc. SPIE,

2014,9255:9255271-10.

[14] 72 3% WOl P E L5 ) ROV E [ D] K Vb : BB R HOR KA, 2011 0 11-12.

SUN Y Q. Study on the Thermal blooming of beam propagation in the inner channel[ D]. Changsha:National University
of Defense Technology.2011:11-12. (in Chinese)



s o s

[15] x| &k, RRF, ikAh, 5. JE T JE 58 2 AT T 52 22 4005 O SR 0 i [ ] 56 58 52 4R, 2005, 25 (8) - 1062-
1066.
LIU J F,LONG F N,ZHANG W et al. . Frequency domain analysis of surface figure fitting based on zernike polynomials
[J]. Acta Optica Sinica,2005,25(8) ;:1062-1066. (in Chinese)

EEE N

> R(1987—) 2, BIETLAEARRT A, 2R R (1963—) , J5, TLIR J5 N, A
PR AR, AR, 2011 4F T I /R 3% ﬂ b WEFE G A S0, 1983 AR TR AR
TP RE AR 207, 2O ....:., L TREEEBORA e A, 1991 FE TR g
oA R GEBCTH N AR I K PR 23 M RSB FRAFI L2207, 1999 4F 1 ~ 6
JrHAIBESE . E-mail:slan@ niaot. ac. cn H 3 R R A5 ) 2, T2
MNEER AR 2 5 R R D T B9

E-mail ; xnli@ niaot. ac. cn

w
-

N 4

(F BEZEIE)(HM)

o FEDE AT E Z — FRHTBE 2% B BT8P s R A A ) e 0

© AT 2 0 [E A A 5 TTR Y5 AR RR A K E AR L

® Benjamin J Eggleton, John Love 5 [R5 43 622 % 5 N A I H Préw 2

Olese K TR B2 HABUURL e (ERDE S L4t 5 B0k GBOE Y Dt HoR
et Otod TE Rk s JCHURE S I HOCEAR s ) s AR SR PR (48Kt R bl
W) s 5 B R (ERAL B HENL S8 TR 45

* LE TARET| ELZOHIH

s PP Y RSB 20 TR 4 2

s PP DA R

* SO T

* [ A HY 2 AR

w0 HH ] fpe L PR 2 I 7 22 AR

A AL R E R B

EIp AL P R B R AR SRS P BB 5 P

th E AR R 2
HichE A T AR e K i 3888 5 Ml 2 : 130033
HiL 1% :0431-86176855 % 3:0431-84613409
FL MR : exjmgc@ sina. com P41k : hitp . //www. eope. net

FEMr:100. 00 T/t



