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Hydrogen gas is a green energy sources because it features no emission of pollutants during combustion. But hydrogen gas
is very dangerous, being flammable and very explosive. Hydrogen gas detection is very important for the safety of a nuclear
power plant. Hydrogen gas is generated by oxidation of nuclear fuel cladding during a critical accident, and leads to serious
secondary damage in the containment building. This paper discusses the development of a Raman lidar system for remote
detection and measurement of hydrogen gas. A small, portable Raman lidar system was designed, and a measurement algorithm
was developed to quantitatively measure hydrogen gas concentration. To verify the capability of measuring hydrogen gas with
the developed Raman lidar system, experiments were carried out under daytime outdoor conditions by using a gas chamber that
can adjust the hydrogen gas density. As results, our Raman lidar system is able to measure a minimum density of 0.67 vol. %

hydrogen gas at a distance of 20 m.
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Table 1. Raman scattering wavelength and Raman backscattering
cross section when the third harmonic of Nd:YAG laser (wavelength
354.7 nm) irradiated to some gases')

Cross section
[10%%cm?sr™]

Raman scattering
wavelength [nm]

0O, 3754 2.68

N, 386.7 2.28

CH,4 395.6 26.2

H, 416.1 7.07
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241
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Table 2. Comparing the specification of previously invented Raman

lidar system
Privalov Ball Ninomiya
Low hydrogen gas limit 0.6 076 0.6
(vol. %)
Laser Max( r:;;put energy 100 250 6
Wavelength (nm) 532 355 355
Repetition rate (Hz) 50 10 100
Telescope diameter (mm) 400 100 170
Detection distance (m) 2 50 13
Privalov 648 nm FWHM =5 nm,
15 averaging data used
Ball Hi-pass filter 375, 385, 395 nm,
Remark 50 averaging data used
band-pass filter 416.3 nm
Ninomiya FWHM = 1.8 nm,
64 averaging data used
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Table 3. Specifications of developed Raman lidar system

Developed Raman lidar system

Laser Max output energy (mlJ) 12
Wave length (nm) 355
Repetition rate (Hz) 20

Telescope diameter (mm) 50
Detection distance (m) 20

Pulse laser: Nd:YAG laser (Quantel Brilliant Ultra 50)
PMT (Photo multiplier tube): Hamamatsu (R9880U-210)
Band pass filter 1 (BPF1): 416.06 + 0.15 nm
(for hydrogen gas)
Band pass filter 2 (BPF2): 386.7 + 0.15 nm
(for nitrogen gas)
Line filter (LF): CWL = 355 + 2 nm, FWHM =

Remark
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Fig. 1. Schematic diagram of the developed Raman lidar system and hydrogen gas chamber.
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Fig. 2. 3D design lay-out of developed Raman lidar system.
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Fig. 4. Photograph of the Raman lidar system and hydrogen gas
chamber for remote detection of gas: (a) Raman lidar system; (b)
Gas chamber.
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Table 4. Experimental condition of measuring the hydrogen gas 4.2. A JIA =X AME Ant
density by using the developed Raman lidar system Jfere gt glo|c) A|AElL 7|2 ghat glojul A|AE T
Partial pressure (torr) Hydrogen gas density (vol.%) Hlaske] e St MHEES 2k 2% oA E ARSSt
5 0.67 Fon, 2k 4kt A E HEshe Fot AR e 27 0]
12 158 A2 Y Fo PARAE oG wEbA i Tho]
25 3.29 olst ahut Algk Als o] AN7|7} 7]1& bt gho|th A]AH
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640 84.21 ¥ ehvt glolo A|ARIS o] 85te] PAoR i A B
750 98.68 S AT 23 ph vk B WS i e Ak Al
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Fig. 5. Results of hydrogen Raman scattering signal.

Table 5. Results of the hydrogen Raman lidar signal and standard deviation

Experiment number: 1 Experiment number: 2 Experiment number: 3

Hydrogen gas | Raman signal Standard Hydrogen gas | Raman signal Standard Hydrogen gas | Raman signal Standard
density [vol.%]| voltage [mV] deviation  |density [vol.%]| voltage [mV] deviation  |density [vol.%]| voltage [mV] deviation
0.67 -0.40 0.4878 0.67 -0.99 0.8595 0.67 -0.85 0.6370

1.58 -1.05 0.6700 1.58 -1.74 0.8916 1.58 -1.47 0.3460

3.29 3.1 0.7807 3.29 -3.28 0.3291 3.29 -2.91 1.1045

6.58 -6.55 1.4259 6.58 -5.95 1.1989 6.58 -5.14 1.8433
13.16 -11.78 1.0032 13.16 -11.33 1.4488 13.16 -10.58 0.5002
26.32 -23.13 2.3582 26.32 -20.59 2.1746 26.32 -23.11 0.7350
39.47 -33.51 2.1012 39.47 -33.22 2.7076 39.47 -32.85 2.1208
52.63 -43.72 2.1789 52.63 -44.06 2.1876 52.63 -45.89 3.0724
72.37 -65.16 3.0073 72.37 -63.42 2.6313 7237 -62.71 4.0854
84.21 -72.01 2.3028 84.21 -71.47 4.1096 84.21 -73.64 3.9806
98.68 -82.76 3.5477 98.68 -83.19 3.8873 98.68 -84.10 2.8896
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