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Influence of optical window for gas detection on laser transmission
under thermal pressing loads

LI Dong', LI Pinye', WANG Di'?, LYU Yan'"?, GUO Xi'
(1. School of Civil Engineering and Architecture, Northeast Petroleum University, Daging 163318, China; 2. School of
Physics and Electronic Engineering, Northeast Petroleum University, Daqing 163318, China)

Abstract: The finite element method was used to study the deformation distribution of the optical window of
the multi-component gas in-situ laser detection system under different thermal pressing loads, and the
refractive index distribution of the optical window was calculated according to the thermo-optic effect. The
influence laws of the refractive index change and deformation of the optical window before and after nitrogen
purging on the luminous flux and irradiance distribution reaching the receiving surface were compared and
analyzed by ray tracing method. In addition, based on the laser transmission test platform of high-temperature
optical window, the influence of high-temperature optical window on the detection signal was studied. The
results show that the high-temperature and high-pressure environment will increase the refractive index change
amplitude and deformation of the optical window, which resulting in the laser optical path deflection induced
transmitted light intensity loss and probe signal fringe interference. The nitrogen purging can effectively
improve the laser transmission conditions, increase the luminous flux reaching the receiving surface, optimize
the irradiation distribution and improve the laser transmission quality.

Key words: thermal pressing loads; optical window deformation; refractive index; laser transmission

s #s H#A: 2022-03-31;  1& =] H #A:2022-05-23

EeB:H A RARZPFZLALIAR B FTBHRA (BHL-Q20101) ; A o KFR FHFAT T L4
( SJQHB201801) ;42 & i A KK FH F 3 T 5 5 T R A (NEPU-EOR-2019-14) ; R b &b X 5 %%‘#’}‘J‘%ﬂﬁﬁf #
A AR B ( KYCXTD201901 )

EZBN: T4 (1979 —), B, &, #4%, L2 NF i AN REEA M HE AR R . E-mail: lidonglvyan@126.com

WEEE: 2o, 5, R4, TZRNFHAKRMNAAZFLEAL, E-mail: 15776598521@163.com


https://doi.org/10.5768/JAO202344.0107001
https://doi.org/10.5768/JAO202344.0107001
mailto:lidonglvyan@126.com
mailto:15776598521@163.com

* 196 -

X

a4 1Y

FUR
F

515

J62E T AR A8 i 22 4 o AR B AL SO A DU
RO B WU AT, WA ORI A 1Ok
AT o ZERI ok B v, D 2E g AR S A
PR T R R 3 1A A vy Ui sy TR PR
Hh, HOG A PR BE R R e R G I R T iR R 2
FrVE ] T 065 60 F 7 A i 5% e 32 22 R I AE P
AT+ 3 A B 7 AR i RN ) 51 D B AR T il
PO TR e B O HME R OB AR & A AR R
[F] Fsf 0k 85 s 3 5 | A 2 o 11 ) 5 e e AR A, 1
TSI O A2 i ' R 3 A R AR A T 1 0 O A 45
FEL T T 2 A U i e 2= v P IR AR [
I, AR AR 2 e A P R OG5 g F AT SR AR A &
TE 75 XoF W8 O A% Hi %) 5 Wi LA 2 4 v SO A D R 4
- P ) SR B

WAM 2B RS . R A BN IR &
G G2F T R T KR E W5 . Rogozhin &5 AU 4
ST AT ORI RE S SR RO A i
() BT RN RO 2 1 B ) B SR, b T e 1D
K CO,. COEFEHNAh v M B PERE . Zhang
S NS ST 1O AE g 1l I B e AR IR Y
BEA AL, I A Zemax H2FAFIF G TR R
SRS B R R R O T = N ) |
Ansys B3 B T 21503 TR IR B AR BT R TE B
AT b TR G RE MG &, =K
BEAE U S X OE ML A M #E AT A RO i, A5 A
Zernike Z Wi A X e RE I & H AT T
Bk o

IR B S A X BUR R GO IR LR
18 T A R PE RN bR, 1A SC 2 4 oy SAEOL R
2 g J& T M R B0 R g, HOE ek i
' TR i T A2 il 200 2% TR R N 4 2 A T R R 43 A
AR SCHRE T T ot VR RO 8 1 Ry 4 A A2 e A
PR G 70 B 45 5%, SR OGS 38 8 42 6 LE 4 B ALK
TG WG RO, 3RS T AN [R) 45 i i 1A T A
B TR EE R AR AN e ok RN s i
T 3 O S A ERE 0 A 0 5% e R AR, O S S A0 Y
TR R DA DA S A R

1 1EBIEST
1.1 3R iEH

AL LA SRR e i i & 2B 28 A BF ST 42,
Z 1 53 AR RALEOGR I R S dn i 1(a) B, 42
FRIR BT ) K A 2R HOG2A A D B G Al e
B BAE 2 21 43 SR A B, R T LA R 5 2K
TEL A 22 41 4y SR & . 2 ARG H
[ 5 75 22 21 43 S AR 5 B A, Ay XoF S G
B2 A8 TR SR Ot & 91 5 B OB e g A1 5
il 0 K 1(b) AR I B TR A
717 (CFD) Jr i M IR T ik 0F 9% 2 41 3 AR it
BlL AR LA LA B AR AR

JRLRI
Z=RAH

T A K]

o [575) B

<« ¢ 120 mm-—»

e Dkt '
. D% £

s vtk E
@A B8

ST ¥V

WL ERLIE

(a) 2415 MAFLHOE
Kol 22 e 21 3R &

1 ZHESSERMEEEN ARG R B ER

Fig. 1 Multi-component gas in-situ laser detection system
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and its simplified physical model

e FH I Rl A B e v DR A R
U oh i PR RE, I XTS5 BORHA B8 7 B v B K 7
AR AR T I LT AMBOG 28 TP B BOR B
35 o A, BARAE R M WL ER 1.

o B 1 JRE B AT AR e Rk A A S PR R 32 TR
ZEWSE , T8 B S R DR DG o 1A LA S PR
4 Fre /N U B e /NS L o

-
h 3Ap(3+y)F,
e dih e AW L o APEHTIBTN 15 Ap N
T H N ANRIE ) 225 Fo M & 4 REL 65 HU T
I R L 2REC 4. A0 E O ER

(1)

®1 ARFEOMBEM
Table 1 Material properties of optical window
e & R/C FREB/W-(mK)! LMk AR 10K IHFALL 1 A /GPa Wi ¢t /MPa
T AT 1713 1.4 0.55 0.17 73.6 50




N2 2023,44(1) 2 R, S BUREME R T SRR I G B O XEORAL Hi i m ¢ 197

d 2} 60 mm, Y7 W B JJ op S 65 MPa, {3 i K N Fb
F 00 E = AP N 2.9 MPa, W5 12 58 5 SR (1 7 1
T/ INEEE b o4 13.82 mm, I ZULEESECN 14 mm,
1.2 #HEFER

SR BOGCHE I R Gt S0 PR 55 1 B 12 hy %
298 K, JAE 1 11 5 s A4 B N TR PR B 4 B
SR S5 RN 58 X9 5 RIS, e o 0 e S P
GER Z (M AFAE G T o P2 1R AR S I
BT o AR 1R P B A e 1, O R S A0 O R

0 (LY, 0 (9T, (9T o (1)
ax\"ox) ox\Vay) ox\"Toz)

oT
‘”(a—n)%

K A AR TR TR
S LA 7
ou

=h(T-T;) (3)

& = 22 4 B(T~T,) (4)
or

T (s)
oz

&=§+ﬂ0—%) (6)
r
ou, Ou,

ol (7)

e B RNENZ K R HG o 1URNE 15 u ARSRAL RS
i, TAR L2y 0,z AR ] | Bl | BRI L
I

2 HRpH5ITE
2.1 HREEHRX T TR RS R

I Rl S B 1 DG ] Ay D S A, R K
BN, AU TR ) A K S Y AR SR 2 40
SRR AR T, AR VR B R )
A 4 b 2 1 SL AT S AL . angk 2 FR, 4301
SR T 3 B0 TR A B R 25 AR e AR
e . AU AT 1) HAEE 10 m/s, 1
ARBE 473 K AT H A2 0.9 MPa; 2) 1 A
BE 15 m/s, FEAREE 523 K flE 1 NAMNE2ZE 1.9 MPa;

R2 AFEOBERFRUE

Table 2 Gradient refractive index fitting of optical window

T e

T4 n=4x10"13 -2x 10702 +8x 10 %n+ 1.447 4
T2 n=-8x10"13-8x103n2+1x105n+1.447 8
T3 n=-1x108x3+7x103n2 +1x105n+1.448 2

3) A 20 m/s, AR E 573 K A F N4
JE2% 2.9 MPa,

K FH Y A8 A 0 7 =206 5B 284 AR 7 28 e
IR Ao O AT B, R Eomr E T e
WIS AWE 2 iR, T 1R, BRE 0
A Fe KA A 108.2 pum, FEAESEH{E A 17.0 pm; T 40
2, et B AR e KAE R 243.1 pm, JEAZ -1
fH°4 38.1 pm; T80 3 7, a4 DB AS e KA N
378.0 um, FEASSEE N 59.2 pm. FEE A LR
N BE RN AP T 1 22 38K, S DB AR &
B, hoo i B AR EH R K, A &% R
10" mm.,

378
336
., 1294
g 252
"8 210
28 168
%L 84
42

0
[um] (a) T 1

2 AEHEIERTHAZEORESH

Fig.2 Deformation distribution of optical window under

(b) T2

(c) T3

thermal pressing loads

Fh R 2B A P S D2 0 0 A 52 0 R, e
AT BERE 5T B D' S B IR AR E AR /N, OGS0 R
1 20 28 0 5 R AR T HOGRONE, PR A S H 2% AR
JERNAT K B o OO Sy
dne (A,T)
dr

{nml [4,T (x,9,2)] = e (2, T) + AT (x,y,z)
AT (x,y,2) =T (x,y,2) - T

(8)
A ngld, TCx, y, 2] 075 56000 T 93 4 %
Nl To) NS5 T ARS8 dng(2, T A
POCERBG AT(x, y, 2) HIEZES; Ty ASHIRE .

AR UG O 7 £ 8 i 1 RE 1 1L i 3R ek
3 H AR RE & 0 A, BOC R QIR A O R AR
Pr i A A L AL JE I e, KR 5 2 T
HEHRALRE G2 G XK CEAR S 5 mm Y X
B o A3 BRI IR R o A AT I A R
S GURANIE 3 R o JetA R H e B S A AL iR
J 439914 0.000 13, 0.000 11, 0.000 8, ifif Y% 7 I
Hh s XA 1] 7 5 30 AR A B2 AR T 4% 1070 PRI
RS AR ) 3 B A AR A, AU 2B R Al 1 T
S AR CAR i B
22 EEERRINFERTUINREREF N

W ESCR R TTAL TS M A8 I 25 - 3 A 6224 B



< 198 - o

5544 5 5 1L

1.448 5 —a— T3

1.4475

1.4470

-10 8 6 4 2 0 0 4 6 8 10
{7 /mm

(@) R

—a— 1
—e— T2
14485 —— T3

M

ES

R 1.448 0

® F**+0+0*$—.,.

it

——e

14475 ¢ e i o S

1.447 0 ! ! ! ! ! ! ! !
86 88 90 92 94 96 98 100
{37 & /mm
(b) TSR A
B3 ARILATHZEOREINH RSB E TS E
Lokl

Fig. 3 Radial refractive index distribution and axial re-
fractive index distribution of optical window under

different working conditions
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