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Research and design of long optical range cell based on
TDLAS methane detection system
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Abstract :In this paper,the structural principle of Herriott-type long optical range cell is adopted,and the optimal so-
lution for the number of reflections of the Herriott cell under certain conditions is obtained through theoretical research
and simulation analysis,and the design of a long optical range,low-cost and small-volume optical range cell is carried
out by utilizing coated concave mirrors as mirrors,and by integrating the optical elements in the cell body. After exper-
imental verification, the designed light-range cell with a physical length of 23 c¢m and volume of 243 mL of optical
range cell can achieve 11 m effective optical range length,and built in the TDLAS methane detection system. The re-
sults show that the lower limit of detection is the lowest concentration of 47. 6 ppb, which provides an effective way

promote the application of the low-concentration, high-precision,and miniaturized TDLAS methane detection system.
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Fig. 4 Spot distribution with different number of reflections

2.1.2 d/f

B O BE 52 B IR O3 A i, AR 1R SR
PG ng = 2 p Hohon 5K 2, w RIS
BEOMAT IR 22K Lo 557E fon, 24 d AR,
0 A, P AR, LTI A& p ok KFR A
14 -

n=2pu+k (3)
A7
n = bm (4)

m—pcos (1 - Cd/2p)
AR IRE n 5 f Fd R4 fAE BR
TR SRS d RARWES Fis .

200
180+
160}
] 140
120+

ons

=)
1S3

Number of reflect
=) o
=l =
;

(SN
S o

=3

" 0.40

o

Mirror spacing/m

K5 f—Em, RETREY d KR

Fig. 5 The number of reflections for a certain f as a function of d

ARG p ZEXHERRE N, BEIEE d 2508008 5 B
& kR, R ECSR . WY kp f —ERT,
B A B3R X6 SRR B M K
2.1.3 RZ&E3L42

OGN T AR SR BARRT B TC
BTG, SBOCE K AT, EOLRE;
2, SR BOCLARTT O, (115 562 SRR BRI
SRR S\ S AR BT K O A N A
DGR, AR —A A, 4 B AT HIE AR AR B S S B
SRR A, 0P 6 B, DI TS fLE 2 1R
FEERAEZ A R A AR URT R A o

25+

st . [ )

25201510 5 0 5 10 15 20 25
Fo6  FHELEER/ N

Fig. 6 Theoretical spot size distribution

K7 e T¥Wig
Fig. 7 Light interference phenomenon
2.2 BTHAZ

(111 T 5 T B 7R 52 Y SR OCBEAS RO A BR 1Y,
SIRBGE 20, SR AT WIS, K 7 FoR, Ot
ST W ARBUR R TDLAS 3 40 R U5 5 i) £ 2
Rz LECTF WM AR, S 25
HEER RO T WIR KA.

3 Herriott A E 51t
3.1 Herriott #1{7 &

WFFE AT HIOGTE W8 W5 i g A A 2R O B 32
Zd 5 B, B TR R RS
d/f RFRMWN LRI, 78— ¥ il P9 Xt g i) 52 5 Ik
BOASWTIE 0, 0 A8 52 B rh S5 OCBOAS BT RE T PR 1
i, PR X6 AR AR 25 1T Y 52 B S S I B AT



e 54 4 No.d 2024

RUI% BT TOLAS BN AR S 10 KoL REL BRI i 525

i FEIE

T TDLAS HUBEARIN RGeS /N RIAL AEHEVERY
72K, Herriott Yt F) AN B3k O, 2% B80S 20 Jm v
JE KA, e 5E d Ry 200 mm A2 Ay, MTH B8 B AR N
50.8 mm, B d = 194 ~203 mm,&E[E]fFH 1 mm JE47
—IKP .

1 TracePro Ht sy AR | [w) Gl Xof B A UM ¢
SRR A MBS, RO 50. 8 mm, Hogg J 1 i i
TEAL RN IR AL, B 2 W L h-P- A%, P4 1M ] e
Oy d 5 BCE PG R T & 1l Perfect mir-
ror, TEBEIE 1 38 407 B BIE ASHL, (R IEEZ

AR o AR AL O A B AR RO, 26
Ty v G, AR S PR B G AR RO A
A5 1 e, R B AP 8 . il e ZkiE
ERO5 ELRIE, 45 RN 1 R o

e

&8 TracePro X Z=Fi

Fig. 8 TracePro air chamber mode

%1 d=194~203 mm [X [ # 4 &
Tab.1 d =194 ~203 mm simulation results

d/mm n L/m Whether light interferes d/mm n L/m Whether light interferes
194 48 9.31 No 199 4 0. 796 No
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Number of reflection 10 20 30 40 50 60 70
Gold film 1/10/ % 75.98 62. 08 50.73 41.45 33.86 27.67 22.61
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