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Temperature field simulation and experimental of orthogonal
polarized He-Ne laser with integrated Y-shaped cavity

Gong Mengfan, Xiao Guangzong, Yu Xudong, Zhang Bin
(College of Optoelectronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Thermal effects could dramatically destroy the performances of the orthogonal-polarized He-Ne
laser featured with an integrated Y-shaped cavity. To explore detailed impacts on the output frequency
difference stability, one thermal model was established via the ANSYS software. Material disposals and
heat source loading were presented, including the calculations of heat flux density and transfer
coefficients. Thermal features were shown and discussed both in steady-state and transient-state. Later
practical experiments were employed with a thermal infrared imager. The differences between simulations
and experimental results were barely smaller than 1%, which had validated the accuracy and reliability of
the simulations. After the laser setting to work, heat gradually transmitted from gain area to non-gain
area. When the temperature distribution of the laser was in steady state, the cavity surface regions had
maximum thermal gradient. The points maximum temperature were always near the cathode, while those
with minimum temperature were close to the underlying surfaces of the sub-cavities. The temperature
difference was about 0.05 C between the surfaces of the sub-cavities, and the resulted frequency drift

was about 0.067 MHz. It reveals that the time-dependent temperature divergences between two sub-cavity
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is still the main restricting factor in the stability of the laser output frequency difference, which can

provide some important guidance for improving the stability of laser frequency difference and optimizing

the design of laser geometry construction.
Key words: He-Ne laser;

integrated Y-shaped cavity
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Fig.1 Schematic representation of orthogonal polarized He-Ne laser

with integrated Y-shaped cavity
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Fig.2 Finite model of orthogonal polarized He-Ne laser with integrated

Y-shaped cavity
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Tab.1 Heat parameters of materials

Material Density Specific hciat ) Heat confiucti}/ity
/kg-m™  capacity/J-kg”'-K' /W-m™-K'
Ceranic-glass 2 530 800 1.46
Optical quartz 2 650 947 1.46
High purit
180 purtly 2 800 875 121
aluminum
O -fi
rygen-iee 8 930 385 363

copper

22 BARREENITE

WOGER EH TAERT, 19 25 DX BE B FH P A
JHCHR 7 A B AR I K T L P S LA B e Ak Y 3R
e, UL O EAR AR 20k A PR . — R A&

0505002-3



aoh gk T2

% 5 4

www.irla.cn
—

% 45 %

JER IR G HOCAER | BT R 2229 1200V,
1 25 DX W S A R FR R ON 1.8 mA, FRAE R RIR
2.16 W, F1 T OB 8 G A% 1 B8 28R & s 5
HEFROETI N mW R, /TN AE AT
DR MK 1 4% DX N SRR IR LECh 2.16 W, T
W S A BRI A ST N AE BB . BHAR R L Al
SEBA RN R b RO ES R S 505 8] =8
A3 TR AR Z R 1.47x107 m?2, PR IG5t ) 62 2k B o 3%
R Q=1.47x10° W/m?,
2.3 WiRBHRARBWITE

WOt 5 58 LB A A 7 A 46 . (1) s fk
PR B BH A, =2 B 484 25 DX %) 56 o X i e 34, Pl T ZE B
PR A 22 3R B N, (454 i B8 R U UM L
AR T, TE B P RE 7 AR SR X i AR
(2) FEMAR AR 3 25 DX A% 5 P 25 1) [ 4R 6 Jd e #0
X T AR 25 XA R 25 1 3R 3l 5 (3) B (AR MR
CELF& M T A0 1R R ) 5 A AR BT B JE R 25 18] 3 4R
XU A

M TFHOGS MR R 2, L LLBOG 28 AR5
T A ST TC PR 23 B X i e Bk ), AR A
TH] 55 A1 B BE A 6 A PR R A MR AL A e
X ICBR 2 (] [ AR X, FE ) R R

Nu=f(Gr,Pr) (6)

ﬁ$AMﬁ¥ﬁm%ﬁﬁwﬁ%%%ﬁﬁﬁﬂ%£%
Sy RS R g T N B B i A F A B e
RAL, HHT B K B= 5 Ar R T 5 00 0

2551 RRRE RO v R TR B OGER I 9 AU S

T Pr>0.6 AR, HB I REFE T F R T .
Nu=C(Gr+Pr)" (7

X Con IERHE TR, MR RBHN h=

NUh ) S b ) 5 PR

WO 25 R0 2 T Y TR RO 8 K TR
B RSE o 1=0.035 m, 52 FR 52 56 B A9 20 55 5 B 4
21 C, BOE AR 2 T IR B R 26 C, R Y
PEZEOIE] 15 Gr=3.1x10", K I iZ K& T2
BRI A E C=0.59,n=1/4, W] Nu=7.17 , R
0 h=5.3 , K FAET7 35 T LAAS 21 LA BLRLRRAE 17 1
1S BRI IR B () IR 1 3R 1T 5 (b) s AR T 3R 1

() JEE A 2 18 5 () s A PR 25 ), AR R ik 2
F7N
*2 MBS ENSEMGRARE
Tab.2 Heat parameters and heat transfer

coefficients of typical surfaces

t ) Gr C m(n) Nu h
a 26 0.042 5.28x10"  0.27 1/4 3.75  2.313
b 24 0.042 5.28x10"  0.54 1/4 7.5  4.625
c 27 0.035  3.1x10*  0.59 1/4 7.17 5.3
d 30 0.039  4.23x10"  0.197 1/4(1/9) 1.77 1.175
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Fig.3 Steady-state temperature field of the laser cavity
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Tab.3 Temperature field simulation statistic of

testing points in the laser

Cavit S sub- P sub-
Testing points avity Cathode  Anode Sl_l Sl,]
surface cavity cavity
Temperature/C  28.383  27.068  25.528  23.547  23.503
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Fig.4 Transient-state temperature field of the laser cavity
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Fig.6 Temperature field of the laser cavity surface after working

function
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Tab.4 Comparison of steady-state analysis and

experimental measurements

Measuring Simulate Test Relative
temperature points temperature/ C  temperature/C  error/%
Cavity surface 28.383 28.3 0.29
Cathode surface 27.068 27.1 0.118
Anode surface 25.528 25.6 0.28
Cavity upper-surface 26.361 26.1 0.148
Cavity side-surface 26.952 27.0 0.178
S sub-cavity 23.547 23.6 0.225
P sub-cavity 23.503 23.5 0.013
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Fig.7 Comparison of transient analysis and experimental measurements
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