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Design of a natural gas leak detection system with
tunable diode laser absorption spectroscopy

ZHU Yu-quan, QIAO Li-feng, ZHANG Qi-xing, CAI Ting-li, WANG Jin-jun, ZHANG Yong-ming
(State Key Laboratory of Fire Science . University of Science and Technology of China , Hefei 230027, China)

Abstract; Tunable diode laser absorption spectroscopy ( TDLLAS) was used for natural gas leakage
detection, and its principle was analyzed. The selection of the diode laser and the photodiode for natural
gas leakage detection system and the characteristics of the laser diode and photodiode were introduced. The
measurement results show that the lowest gas detection level is 2. 7X107° and gas change times per minute
is 9. 3~11. 3 times/min. The gas concentration along the natural gas line with number modulation was
obtained, and a natural gas line leakage detection method was proposed.
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Fig. 1 Schematic diagram of Lambert-Beer law
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Fig. 2 Natural gas leak detection system with TDLAS
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Tab. 1 Diode Laser electrical/optical characteristics
Tcasc‘ = Tlascr =25

specifications

No. parameter symbol condition test results units
min typ max
1 forward voltage Vi CW, Ir=30 mA 1.2 1.6 1. 00 A%
2 threshold current I, CW 10 20 10. 0 mA
3 fiber output power Py CW,Ir=100 mA 10 20. 3 mW
4 peak wavelength Ay CW,d, =10 mW 1652.74 1653.74 1654.74 1 654. 09 nm
5 side mode suppression ratio SMSR CW.d, =10 mW 35 47 dB
6 monitoring current (PD) I CW,®, =10 mW 0.1 0. 399 mA
7 tracking error Er In = constant —0.5 0.5 0.09 dB
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2.3 ZIRRERE

ARG R T WEE (White) 2 R IR IK
W, TR hOEEE, R G R EUE. B 6 AW
R 22 YRS IR At ' = it P L PR o 2 R U A
WISt ) P 33K T 2 S35 58 LA D B, 22 YR B SPSRF: fit
FE B PR — B F RN P R B 4 A NI Y it
BRAARA R, F2 T AN I 5T 2 T 1 v B Al R
AR IR GG o — e BE S XA BRI B2
(BRI B T e i AR A R 2 () 0] e 5. 3
VR ER RN B G EE 2, AT DA ek A 5 OB
(1] P49 [ o T80 7388 22 YR SPF MR ATt P49 5 S YR 8 s AT 2
7R R S WM () SR A 2R 48 i F M R < B
K 20 em. e R REFRECH 100 K, SOGRR AT 20
m, AFH 1. 5X107° m®,

T
— o[ R
& e
— _"’F‘I _.'.|
,___::;____::hh ek — \ /|
S =
e =il d .HI
— = = = o iy
o T {
o S e (‘/
_’—” g "\-\.__\__ J
J
=
— —d

6 RN R RS IR it R IE E
Fig. 6 The White cell sketch map

3 EZHIAXKIRE
3.1 ZHREHASDSHIEE

T VIO AR B AR TR AR S T
VRO A S OGO R AL T

CH, 70 IR b i i i] IE RO R EE R G LR
B T YGENAR S i S8, 15 B AR 2 FToR i
JE RN O TR i Rk T CHL g3
T L. SR 2 T UA Y3 B oL e TR
32 °C L3RBT 118. 26 mA I, 75 AR WO
s R R T A T B O6 s e AE T
CH, ik L.

R2 HATRERERRSHILE

Tab. 2 Diode laser characteristics setup

CH, 4+ ¥ HLR I A

s

Wk 2 /C /mA X A3
1 —2.0 120. 33 2.5
2 —2.0 107. 65 4.6
3 —3.0 111.17 10.5
4 —3.0 95. 14 3.4
5 30.0 126. 20 6.0
6 32.0 118. 26 13.0
7 33.0 105. 14 3.2
8 34.0 127. 54 10.7
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Fig. 7 Characteristic of micro-pump
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