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Abstract >> Hydrogen gas is light and diffuses very quickly. Therefore, when a
leakage accident occurs, the damage is great, so a technology that can quickly
measure the leakage in the air at a long distance is needed. In order to develop
hydrogen gas leaked in the atmosphere in a non-contact manner, an experiment
was performed to measure hydrogen gas using a lidar technology using the
Raman effect. Hydrogen Raman signals were detected using a UV LED light
source, which is a Raman light source, and a spectrometer in the ultraviolet re-
gion including an optical filter in the 400-430 nm band. To develop this, a Raman
lidar optical structure was designed to measure the hydrogen Raman signal ata
certain distance, and the hydrogen Raman spectrum was confirmed using a
standard gas to evaluate the performance of this optical structure. The linearity
was found to be 0.99 using hydrogen standard gas (10, 50, 100, 500, 1,000
ppm). Accordingly, a Raman lidar capable of measuring hydrogen gas rapidly dif-
fusing in the air in an open state was developed to improve the limitations of ex-
isting hydrogen sensors.

Key words : Hydrogen safety($ A 9tM), Hydrogen gas($£4A 7tA), LIDAR(2tO| T},
Raman detector(2t8t ZtX| 7|), Hydrogen leak($ 4 ££)
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Fig. 1. Schematic diagram of optic configuration for raman lidar
with spectrometer
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1800

1700

1600
&
é 1500 =—10ppm
£ —50ppm
g 1400 o
2 100ppm
< 1300
o =500ppm

1200 — 1000ppm

1100 —1

1000 + T T T T T 1

300 330 400 450 500 550 600
Wavelength (nm)

__IJ.

A BATE B0 400-441 nmof|A] HEH ANEY
ool = Ao (Fig. 7), F WA 1 Z(Fig.
Q)oll A= o] 3} t ol A 420 nm2} 430 nm A}O]
oA FHEote] MPALS Bt} 420 nme} 430 nm
F-S ol whebA 2Rt Al7|7F skl o
S Gl v HAo] A= =] ekek
], 425 nmoj A= HEHAl HAo] Hgl7]of Fkd
ue} eohs 438w 7= Aos ZRlEich
A0S oA F=ol webs ohE ARAEE S
UR7] ol B Aol oA ohis &
A 71He A A 248k

2 O

ﬂllO ofl,

lo rlr

il
)

v

d

—50ppm ||
——100ppm | |

500ppm
8 === 1000ppm ||

1st derivative
-

wavelength(nm)

Fig. 7. Raman 1st derivative spectra of hydrogen at 10, 50,
100, 500, and 1,000 ppm standard sample

! / \I —s0ppm | |
; \ |
| | R

500ppm
VA

dw
i
il—
Ny
I

\ J}g\-/flm 4;0 \435 440

-3

-5

wavelength{nm)

Fig. 6. Raman raw spectra of hydrogen at 10, 50, 100, 500,
and 1,000 ppm standard sample

5> B4 A UM LR[EE] =27

Fig. 8. Raman 1st derivative spectra of hydrogen within from
400 to 440 nm

H 343 H2& 2023 48



3.3 CHHE
¥ 8
370l APA 2 et AnE vigko
E=YH(independent variable)?} <4 4(dependent
variable) 710] AAZ ALY, vAZTA 5HE B
Aol lgolth. F4u4 YE Adshzr kel
SHARA X, X, .. X EUE I oS R
Ho chea o] ol

Yi= B otf 1+ XiitfB 2« Xai -+ Bk * Xkite i,
= 1,234, -~ n (1)

4714 Bo. Bi. ... P AT E= wiHSE
ofufstal, = AR FHolal YT EE N (0, 62)
= 2 exkgoltk f (=L, ... ke jHA 59
T X9 SAACIE7DE Avishketl, XE A9
o ok RE S| glo] 1A Eﬂow el
7Lo] i q-_l,] 57}& IIHQ,] Y%,}.J
Rt 281 Xie SHHS I
ojuigith. o A SARE 4 (2)54 e 7k

SF P = YERE 4 Stk
Y=X+f¢ @)
EE Fa TS FES 4 gk A¥ERILY
s Ay 3 AEEES FalA A £k o
3] 242 400 nmFE 441 nm PG o2 AT &
a4 2 AHERY 28 oS 534S 3t
ANILEQO

[

| f(Unscarambler; Camo Software, Oslo, Norway)
BAsI9ich 4 24 23} Fig 99} 2]
999] %70l ALtE Uk

dl&g mele] oS Blalr] 918 4 ()
o] AFTe] Birel Ao HA(calibration

Aolgat lEgrel Aols Lol

O:

g
2
off

curve) 9]

Vol. 34, No. 2, April 2023

N
- 2
B i;(“ v) 3)
SECEI N TATD
0}7]4] y= 7 (calibration curve) ME U] y Z

o Al Ao o3l IS8 gholnl, Ak EA3ta

A SHe Ao Sroleh

M=

~ 2
Spp = i 1(chﬁi Yj) @)
B N

A7) A Yerits WZ0] A2 calibration A]o] A y;
= o &3 grolth & A% o x| standard errors of
calibration (SEC)7} 20.05 ppm, standard errors of
prediction (SEP)&= 44.52 ppm©]il Bias+= 0.00162
2 AAEith & AFA4-E 0.990]11, 20.05 ppm2)
ol &3k Aol 2A 1000 ppm7Hd] Ao BAsho.
4.4 =

A 4 Flas ugEAen 24l glat
of eolct 7]ste] 2uk AlES Bga) HotHo
AARE Fol 4 ko] e A 2 A B4
B4 v dEA] =4 ?E,)H:]]E AL 72 93l 7]
=

A2 ANBon, 72 7S Hstel 2ot

y=09972x+1.1136 ¢

RV

Predictedvalue (ppm)
@
=]
=]

N /‘/

200

0

0 200 400 600 800 1000 1200
Actualvalue (ppm)

Fig. 9. Multiple linear regression plot between actual value and
predicted value

Journal of Hydrogen and New Energy <<



AAEA i AHERS 5 425 nmoj|A]
i ot A9 EY EXQ F 7HA] Q branch®} S
branch7} S1E|Qle}. T18]al 7} we® A= 4=

A543, 1 AT Q branch®} S branch H& A}
4 9 5 o IHgAer A
™, 1 A3} AL 0999 ok 3]

Kl

tlo ofr AN

of calibration (RMSEC)-2 20 ppmo.& £&
kol tiet = SR A &
2 Jie Aoz sRIEgow, ofaia 4

o rir

(

o & o
=2

e Fo

ol
-

2
Y
S
2
fo
>
ﬁ
ox
o
=)
By
i
ne
i—l“
o
o
e b
E G
o o
)

References

1. A.M. Helmenstine, “Flame temperatures table for different
fuels”, ThoughtCo., 2019. Retrieved from https://www.tho
ughtco.com/flame-temperatures-table-607307.

2. D.A.Crowland Y. D.Jo, “The hazards and risks of hydrogen”,
Journal of Loss Prevention in the Process Industries, Vol.
20,No.2,2007, pp. 158-164, doi: https://doi.org/10.1016/j.
jlp.2007.02.002.

3. B.Park, Y. Kim, S. Paik, and C. Kang, “Numerical and exper-
imental analysis of jet release and jet flame length for qualit-
ative risk analysis at hydrogen refueling station”, Process Sa-
fety and Environmental Protection, Vol. 155,2021, pp. 145-
154, dot: https://doi.org/10.1016/j.psep.2021.09.016.

Vv
v
rot

F2AYNOILRIHE =2 T

10.

12.

13.

14.

. B.Park, Y. Kim, and I. Hwang, “An experimental study on-
the explosion hazards in the fuel cell room of residential ho-
use”, Journal of the Korean Society of Safety, Vol. 36, No. 4,
2021, pp. 71-79, doi: https://doi.org/10.14346/JKOSOS.20
21.36.4.71.

. Y. Kim and B. Park, “Experimental and analytical study on
hydrogen-air deflagrations in open atmosphere”, Journal of
the Korean Society of Safety, Vol. 36, No. 1, 2021, pp. 64-71,
doi: https://doi.org/10.14346/JKOSOS.2021.36.1.64.

. B. Park, J. Kim, O. K. Lim, and Y. Kim, “A numerical study
on jet release from off-site and mobile hydrogen refueling st-
ation for separation distance”, Fire Science and Engineering,
Vol. 35, No. 6,2021, pp. 75-84, doi: https://doi.org/10.7731
/KIFSE.65ac91d8.

. H.K.Kim, Y. M. Choi, S. H. Kim, J. H. Shim, and I. C. Hwang,
“The evaluation of hydrogen leakage safety for the high pre-
ssure hydrogen system of fuel cell vehicle”, Journal of Hydr-
ogen and New Energy, Vol. 23, No. 4, 2012, pp. 316-322, doi:
https://doi.org/10.7316/KHNES.2012.23.4.316.

. J. Choi, N. Hur, M. Lee, H. Chang, K. Lee, and G. Yong, “A
numerical analysis of hydrogen diffusion for hydrogen lea-
kage from a fuel cell vehicle in a long road tunnel”, Journal
of Hydrogen and New Energy, Vol. 23, No. 6,2012, pp. 588-
597, doi: https://doi.org/10.7316/KHNES.2012.23.6.588.

. T.H.Nam, D. H. Kim, J. W. Lee, S. K. Lee, and Y. J. Lee, “A

study on characteristics of hydrogen leakage in hydrogen

town governor room”, Journal of Hydrogen and New

Energy, Vol. 27, No. 6, 2016, pp. 685-692, doi: https://do-

i.org/10.7316/KHNES.2016.27.6.685.

Y. Kim, D. Shin, T. Chung, J. Nam, Y. Kim, and J. Lee, “An ex-

perimental study on the sensor response at hydrogen leakage

in a residential fuel cell system”, Journal of Hydrogen and

New Energy, Vol. 20, No. 5, 2009, pp. 378-383. Retrieved from

https://koreascience.kr/article/JAKO200908856859391.pdf.

. C.H.Leeand C. O. Park, “The H, and H.S sensing characte-

ristics of Pd and Pd-Rh gate MOS sensor”, Journal of the Ko-

rean Hydrogen Energy Society, Vol. 8, No. 4, 1997, pp. 145-

154. Retrieved from https://koreascience.kr/article/JAKO1

99721040976867.pdf.

T. Hiibert, L. Boon-Brett, G. Black, and U. Banach, “Hydro-

gen sensors — A review”, Sensors and Actuators B: Chemical,

Vol. 157, No. 2,2011, pp. 329-352, doi: https://doi.org/10.

1016/j.snb.2011.04.070.

E.I. Voronina, V. E. Privalov, and V. G. Shemanin, “Probing

hydrogen molecules with a laboratory Raman lidar”, Tech-

nical Physics Letters, Vol. 30, No. 5, 2004, pp. 178-179, doi:
https://doi.org/10.1134/1.1707159.

A.]. Ball, V. Hohreiter, and D. W. Hahn, “Hydrogen leak de-

tection using laser-induced breakdown spectroscopy”, Ap-

plied Spectroscopy, Vol. 59, No. 3, 2005, pp. 348-353, doi:

H 343 H2& 2023 48


https://www.thoughtco.com/flame-temperatures-table-607307
https://doi.org/10.1016/j.jlp.2007.02.002
https://doi.org/10.14346/JKOSOS.2021.36.4.71
https://doi.org/10.7731/KIFSE.65ac91d8
https://doi.org/10.7316/KHNES.2016.27.6.685
https://koreascience.kr/article/JAKO199721040976867.pdf
https://doi.org/10.1016/j.snb.2011.04.070

https://doi.org/10.1366/0003702053585282.

15. 1. Asahi, S. Sugimoto, H. Ninomiya, T. Fukuchi, and T. Shiina,
“Remote sensing of hydrogen gas concentration distribution
by Raman lidar”, Lidar Remote Sensing for Environmental
Monitoring X111, Vol. 8526, 2012, pp. 85260X, doi: https://
doi.org/10.1117/12.977348.

Vol. 34, No. 2, April 2023

4
rdo
fr
oo
Ho
=
oy
02
Y]
iz
0
ikl
N
—

16. S.Y. Choi, K. Y. Han, and B. H. Kim, “Comparison of different
multiple linear regression models for real-time flood stage-
forecasting”, Vol. 32, No. 1B, 2012, pp. 9-20, doi: https://doi.
org/10.12652/Ksce.2012.32.1B.009.

Journal of Hydrogen and New Energy <<


https://doi.org/10.1117/12.977348
https://doi.org/10.12652/Ksce.2012.32.1B.009
https://doi.org/10.1366/0003702053585282

