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Abstract: Methane is a dangerous gas for humans and ambience, and methane gas leak detection is

especially significant in colliery, petrochemical, gas tank zone, gas station as well as any other safe
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fields. The fundamental of Tunable Diode Laser Absorption Spectroscopy (TDLAS) was introduced, the
center wavelength at 1 653.72 nm was selected for the absorption of methane detection. Also, a 14 cm
optical path reflection cell with micro—lenses was designed. The on-line detection system was tested
with the 0-100% methane. And also, it can be used to monitor different positions with a beam splitter.
In order to improve the signal —noise ratio (SNR), wavelet transform was used to reduce noise of
absorption signals. The detection limit was 335 ppm (1 ppm=107°). A comparison results between the
homemade multi —point full -range laser methane sensor and the commercial infrared gas detector were
proved that the system has many advantages to meet the requirements of the majority of industry

monitoring, such as: the good stability, full range, fast response, calibration free, safe latent, anti —
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electric magnetic interference, low cost etc.
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E’fﬁtTimﬂ%@%mrﬁﬁzrﬂﬁfﬂ@ﬁé%ijt £

1 T BE I (R T 50%) H B 22 3K, W 4 45 2 o
Hi/mﬁ%;@ 0.010 03% , fit KK 5.546% , 5 ¥k Ji& #
X2 E 8 fiw, TEJG 200 58 ol ik — 2 %

.
Standardconcentration/

99% -

66%

33%

Monitoring concentration

Monitoring concentration

\

()
0 20% 40% 60% 80% 100"0
Standard concentration

by
o
B

Relative error

2.8%
| # \*/-/ (b)

0 20% 40% 60% 80% 100%

Standard concentration

Pe 8 A RO Y e A% % 2 D00 45k vk BE 5 s o vk BE AR X % 0

Fig.8 Relative deviation of the standard concentration

(=]

and measured concentration with full-range

laser methane sensor

0917009-5



bk TR

% 9 i

www.irla.cn

% 46 %

By B A& IE J5 i a1 A, B0 500 S8 IR 4 AR A
i I 2

J T X R G MERE R R T 20 A0 H e R £
5iZ A2 G AT xR K, w0l 0~
5% , FLPEfE Y W vk BN FEF 2.5% K
H£0.1% ;4 Wa Il ik R F 2.5% K B R +0.25% .
iR 2191 B Joe R0 2 15 4 o R 90O WP ot A Bk i B
FE %5 B0 N R AT B R T R R R R R
o F1A) PR AT, 7 00 4 PN [ — v B, Rk A R A e IR
ASTEL T T AR 22 o ) I A N i A 2% A HE VR FE 1Y
HOBE AR, R /N B A5 R 30 A B0 R By
Yot 76 NG P A BT R, S A 1] N R £ A R
o T 00 45 1 4 i R O PR o £ D R o A5 AR Y g
N FECHE SRt AR R B R A s R e
B AT 2% W BE A e AR A I O A Y AL
WAL SEE R RIS A h Y 8, el
ST T FH 2T 0 P o % 00 2 R 4 R 9O TR e £ DR AR A
I [E] Y (29 9 h) vk B2, W &9 B s, B R
FLATIE, B o MR 2 e A ik S B e 2 B 1% TR,
3 0 R B A R A AR A — B

—Homemade full-range laser methane sensorf|
2.09% | Commercial infrared methane detector

1.5%F % \\HL\ e
.
ikt

s g0
8
7
06:28 06:57 07:26
Time

0.5% | S

03:00 06:00 0.9:00 12:00
Time

1.0%

Monitoring concentration

9 9 h Py 4 it B PO e A% RS A0 R T 2040 Y 5 146
X 2% o TR R (1 0 Ak
Fig.9 Measurement of 2% standard concentration used
full-range laser methane sensor and commercial

infrared methane detector within 9 hours

TE b A W0 ) PN 3 B — /)N B sk ) A X
R 00 8 A AT s R I 5% 2 RN AR E R B A A AT
X HL R HE A 2 Mk B AE 2 000 ppm LLR B A8 AR )
WE 10 Fros w7 b DU R ORG BE O A R, vk AR
BB A6 7, I AT DL H R 20 A0 HE B R D 2%
)t e 8 349 A0 s o A R, T 1 O /0N o X T R
254k /T 500 ppm JG 5 LG, X4 500 ppm PR H kg

AR TR AR AED AT A A 4 AR RO
o g TR AR T AR e B I R AR AR A AR O AR E M, B3
T B/, LA o 4 e J3E B 30 39 2l , T DA B i) A 7 HE
R

0.189% | Homemade full-range (a)
5 laser methane sensor
-
-
3 0.1216% - Standard concentration
E
2 0.063%F
= Pt
< Commercial infrared
or methane detector
i 1 i i ' '
0 20 40 60 80 100
Time/min
]
E 1.0% rHomemade full-range Commercial infrared (b)
Q laser methane sensor  methane detector
e -
= r T oy ¥yl
S O =22 .\I\ iy
@ i
O _(). l %’ ] 1 . =
< 0 20 40 60 80 100
Time/min

P 10 it B 30 WY e £ Rl 1 B 4004 Y J £ 4
X2 000 ppm LI F G S04 K I B
Fig.10 Comparison of full-range laser methane sensor
and commercial infrared methane detectos for

detection of methane gas below 2 000 ppm
3 % 8

FI ] TDLAS £ # AR , 3E+£: DFB 3#0% #% fii
9 1653.72 nm AE gy H e A4 T 42 W SCRS: 0 e 38
K, BT 1dem SRR 05 B3 W 050, H fal 8 IR i
2Rk T2 B 2R B K 3 R 2% DL B TE AN TR A i
AT S W, RSk R T &
HBE AR RS, 38 & 2 Fhdg & M o 2 /) AR
o XA R BE WA 5 AT R R A B, (5 2R 56 11 S A1
I W FR 35 3 335 ppm, S5E &L BT 0~100% 412 72
FH e A0 A W 3 1) S B AR S W, O 5 1 2 A0 e
SRR AR AT TSR . S5 REW X R GK
T FR 58 YR B /N F 50% i, A X R 22 /N TF 2% 5 W BE R
T4 T 50%If , AHXF 52 22 /N T 5% o KRR BE (VN T
2%) K s B R 22 AN 20 ppm. KGN R 48R
FH BB R T 0k R GRS R TR R RORRRAR T
BAS, HA R0 B P A S 2 A AR R
SRR TR HLAAE 22 4 50 80, 58 2 v] LA R &5 AT
b Bl 5 oK o

5% 3k

[1]  Zi Xuehong. Basic research for methane catalytic combustion

0917009-6



% 9 i

bk TR

www.irla.cn

% 46 %

(21

(31

(4]

(5]

(o]

(71

technology [D]. Beijing: Beijing Industry University, 2012.
(in Chinese)

B 2T g A AL R B R L B F S8 (D] b s b s Tl
K, 2012,
Wan Tingting, Peng Tao, Jing Lixin. Study on the
determination of methane and non methane hydrocarbons by
gas chromatography[J]. Environmental Monitoring in China,
2016, 32(3): 120-125. (in Chinese)

T3, VR, SR O T AR O Y e AR
ot S5k Je 4 i) RELE S (D). v A 2016, 32(3): 120~

125.

S s

Wang Xinghua, Tian Ying, Ren Minhong, et al. Determination
of total hydrocarbons and non methane hydrocarbons by
improved gas chromatography [J]. Environmental Protection
of Chemical Industry, 2015, 35(6): 662—6066. (in Chinese)
ExAE, W, LA, AR RO @k D 2 B R S R
bt BRI AL T34, 2015, 35(6): 662-666.
Li Hao, Li En, Liang Zize, et al. Configuration improvement
and zero —drift error compensation of light interference
methane detector [J]. Journal of China Coal Society, 2015,
40(1): 218-225. (in Chinese)
Mok, R AT, S OGN Bk A 5Ot i ik S
FEAME]. B 2E 4z, 2015, 40(1): 218-225.
Li Bin, Liu Huifang, He Qixin, et al. A methane detection
system using distributed feedback laser at 1 654 nm [J].
Spectroscopy and Spectral Analysis, 2016, 36(1): 20-26.
(in Chinese)
BM L X ETF, R K, . FE T 1654 nm S A SR O
e BB I R ST [T]. O63E 2 5 OB 5 4, 2016, 36(1):
20-26.
Li Yaping, Zhang Guangjun, Li Qingbo. Infrared CO, gas
sensor based on space double beams and its measurement
model[J]. Opt Precision Eng, 2009, 17(1): 14-19. (in Chinese)
AR, sk, AP A )R AL Ah CO, AR A I
i SO B T]. St RS TR, 2009, 17(1): 14-19.
Ye Hanhan, Errors

Bu Tingting, Wang Xianhua, et al.

analysis and correction in atmospheric methane retrieval

based on greenhouse gases observing satellite data [J].
Spectroscopy and Spectral Analysis, 2016, 36(1): 186—190.
(in Chinese)

MEs, ESEAE, iR eh, % 3L T GOSAT 1A KU i) K

(8]

[10]

(11]

[12]

[13]

[14]

[15]

0917009-7

AR BE SR IR 22 0 M ARGIE [T e
2016, 36(1): 186-190.

2 5064% o By

Dong Fengzhong, Liu Wenging, Liu Jianguo, et al. Online
roadside vehicle emissions monitoring (Part 1)[J]. Journal of
Test and Measurement Technology, 2005, 19(2): 119-127.
R, X0 SCHs, e, SE. PS4 R R T L 7E £ Sk
IR PSR 224z, 2005, 19(2): 119-127.

Xu Rongrong, Liu Deming, Cao Feng, et al. Design of
multipoint optical fiber methane sensing system [J]. Infrared
and Laser Engineering, 2010, 39(4): 686—689. (in Chinese)
VPORIR, XIEH], W, & Oust W2 ni G IR R it
[J]. £L8h 50 T2, 2010, 39(4): 686-689.

Li F, Yu X L, Cai W W, et al.

Uncertainty in velocity

measurement based on diode -laser absorption in
nonuniformflows[J]. Applied Optics, 2012, 51(20): 4788-4797.
Li Guohua, Hu Zhiyun, Wang Sheng, et al. 2D scanning
CARS for temperature distribution measurement [J]. Optics
and Precision Engineering, 2016, 24(1): 14-19. (in Chinese)
FEAE, WE R, ER, & 3T AT RO e b 2 i
M Ak BE S R R (D). Dete RS TR, 2016, 24(1):
14-19.

Guo Tiantai, Hong Bo, Pan Zengrong, et al. Application of

improved SVM in quantitative analysis of mine gas
concentration [J]. Infrared and Laser Engineering, 2016, 45
(6): 0617011. (in Chinese)

KK, UEI, WO, . WedEny SVM R IF IR E B
ST R ). £040 5 306 TR, 2016, 45(6): 0617011,
Gao Minghui, Zheng Yuquan, Wang Zhihong. Validation
method of single —channel optical system design of CO_2
detector[J]. Chinese Optics, 2014, 6(6): 949-955. (in Chinese)
T WARE, KB T AN, AR 2. CO_2 H M B3 3 2% R G ik
I AE L], W E DA, 2014, 6(6): 949-955.

Rothman L S, Gordon I E, Barbe A, et al. The HITRAN
2008 molecular spectroscopic database [J]. Journal of
Quantitative Spectroscopy & Radiative Transfer, 2009, 110:
533-572.

Wang Hongtao, Huang Yunbiao, Huang Hong. Design of
digital filter in laser gas analyzer [J]. Chinese Optics, 2013,
6(5): 729-735. (in Chinese)

FULE, WA, B0 WO R S BT AT BT R D g Y

B[] D24, 2013, 6(5): 729-735.



