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Detection of small hydrogen gas leak using CARS
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Coherent Anti-Stokes Raman Scattering (CARS) was applied to detection of hydrogen leaks in the order of ml/min. A
Nd:YAG laser of wavelength 355 nm was used to pump an optical parametric oscillator to generate a beam of
wavelength 416 nm, which corresponds to the Stokes line of H,. The residual pump beam and Stokes beam were
aligned in a collinear configuration. H, gas was released into air through a nozzle of aperture 1 mm placed immediately
below their path. A beam of wavelength 309 nm, which corresponds to the anti-Stokes line of H,, was generated by
CARS. The anti-Stokes beam was generated in the same direction as the pump and Stokes beams. A diffusing plate was
inserted in the path of the three beams, and the spot corresponding to the anti-Stokes beam was imaged using an image
intensifier and two interference filters, which provided sufficient rejection at other wavelengths to provide a clear image.
The anti-Stokes signal intensity was calculated as the number of pixels exceeding the threshold value, or the integrated
brightness of the pixels exceeding the threshold value. The threshold value was determined from the noise level
corresponding to no H, gas release. The experimental results showed that small H, leaks in the order of ml/min could be

detected using CARS.
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Fig. 1. (a) Energy level diagram of CARS of H, when using a laser wavelength of 355 nm, (b) phase matching condition for CARS
when the laser light and Stokes light are aligned in a collinear fashion (k, ks, kas are the wave vectors of the pump, Stokes, and
anti-Stokes beams)
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Fig. 2. Experimental configuration Fig. 3. Detail of the gas release location
3.
2
(1) Negr lo I n ij
Ny Zzn(lij > 1) (1)

i
(2) IT |0



gas release rate [ml/min]

distance from nozzle [mm]

IT: |ij , Iij>|0 (2)
i
4,
0.5mm
16/255
1) o) 10=32/255 Nes
It 4
1600 ——— 80000 1600 . . 80000
V Y v gas release rate: 10ml/min
P 1400 170000 - 14000 70000
© ;|

21200} {60000 = 2 1200F 60000 -
s f—> g 5 2
© 1000} 150000 £ ° 1000t 50000 2
2 v ) 2 ﬁ
E 800( i m— 440000 £ E 800 40000 <
[
o 600f 130000 8 o 600f »{ 30000 3
2 o 2 o
E 400 120000 E 400} 20000 &

2
S 900l {10000 = ® o00k 10000 =

0 , 0 s h o
6 8 10 % 2 4 6 g”

Fig. 4. Dependence of effective number of pixels and integrated
brightness of anti-Stokes light image on H, gas release rate

Fig. 5. Dependence of effective number of pixels and integrated
brightness of anti-Stokes light image on the distance from the
nozzle in the direction of gas flow
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Fig. 6. Dependence of effective number of pixels and integrated Fig. 7. Comparison of effective number of pixels and integrated
brightness of anti-Stokes light image on the distance from the brightness (broken line shows the linear relationship for low

nozzle in the direction perpendicular to the gas flow signal)
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