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Research has been conducted on a hydrogen
visualization technology in order to provide support to
the process of research and development on fuel cell
vehicles by “making invisible hydrogen visible.” The
project eschewed conventional approaches such as
indirect measurement of hydrogen using chemical
sensors or substitute gases. Instead, it attempted to
directly detect hydrogen, and to enable visualization of
the state of diffusion of hydrogen in space.

The use of alaser was selected from among a variety
of hydrogen detection methods, as its use is considered
to be effective in detection at low concentrations. The
project focused on a principle by means of which,
contrary to conventional fluorescence analysis,
fluorescence would occur even if the laser light for
excitation did not match the absorption wavelength, and
proposed a theory for hydrogen detection.

Results confirmed that the use of the principle of
multi-photon ionization enabled direct fluorescence and
detection of hydrogen. In addition, results suggested that
the technology has the potential to be employed to
visualize the changes in the state of diffusion of
hydrogen in space as the flow rate changes, enabling
analysis and measurement of the state of hydrogen
diffusion.
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Table 1 Summary of evaluation of technologies

. Distinguishing -
Techniquel characteristicl] Applicabilityd
. Demonstrated 0]
Passive sonar(] Tulrbulent z(ijlrgowD[ Low spatial resolution
(ultrasound) Sensitivity depends on pressure and aperturel]
Raman-0O0 Allowable energy [] H,: Sensitivity of 2% demonstrated10]
spontaneous(] | levels[] He: None - monatomic, therefore no vibration[]
Raman-[] Allowable energy [] H,: Sensitivity of 10 ppm demonstrated(]
CARSU levelsO He: None - monatomic, therefore no vibration[]
RayleighCO Molecular/atomic [ . .
dopplerC] velocitiesO Theoretically applicable for both H, and HelJ
Indirectd] .
5
thermalll Temperaturel Limited by clutter?]
Shearography[l Index of refraction]] Sensitivity limited by clutterC

Table 2 Comparison of physical properties of
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gasoline and hydrogen

Gasoline Hydrogen

State at normal temperature Liquid Gas
Color Orange Colorless
Odor Irritating odor|  No odor

Diffusion coeg:igtze/r;teicr; atmosphere [ 0.05 0.778

gooooooDodoOemi/mn OOODOODOOO
ooobooooobooomomooDo

_ ¢ r
C(r’t)_4;rDrerfC[J4Dr] ooo
go0o0oooooooooo@momoonn
_ &
C(r)_4nDr ooo

gbobobooobooodgnb

=7.78x10°m?/s0 0 0 25

Ha-Air

O01013kPa0 00000000 OOOODOOOO@ ml/

mnOJO0000000000000000 rmO0O0O0OO

0000 Fg.2 0000
gbobobobobobooobooboooooooboan

0D00000000000000000000000000 g 1008
000000000000000000000000000 IS 1oE"’""’“'i-’-’-:.::.::.:;,; ”””””””” i
00D00D00O0D00D000D00D00nooO £ \ N~eieo T 777
9 1K\ — e _ 1 ml/min
000000000000 g ...
o BN e e
00000000000000000000Dm/s00 e 01t == __ 91 miimin
> - — )
OrmO00 tsec 0000000 C%00000000 oo T A
oomooereeym T L | | | |
0.001
0 0002 0004 0006 0008 001
aC(r, t)J llj(')% aC(r t)ﬁ Distance [m]
A= D=2 )
ot r2igr ar0 Hoo

0680

Fig. 1 Concentration of hydrogen at steady state
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Fig. 3 Model of multi-photon ionization
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Fig. 5 Test of pulse compression

goobobooobooboooooooooooooo
gboobooooooan

42. 0000000

gooooobbobboboooooooooooooobooo
O0OO0OFg.6000000000C0ODOODOOOOODOOOO
gooboboooooooobobooooooboboooooog
gooooooobbobbooooooooooobooboooobo

goobooboboboobooboooooooooboo
O0000OFRg.7(@O0D0O0O0O0O0O0OOODOOOODDOO
0000000000 000FRg.7()00DODOOODODODO
gboboboboobooobooobooboboboono
gbooboooooooboboboboooobogoo

43. 000000000
gboboobobobobooboooooooooboon
gooooo

'?ndpass filter

D\

Detecto

Fig. 6 Bandpass filter

o
=
]
sl
5,
21
‘@
c
o |
£
Wavelength [nm]
(a) Before application of bandpassfilter: All wavelength
— 656.3
[Zs
'c
3
_E' L
S,
>
‘0
c
QL Joe. e A
5

Wavelength [nm]

(b) After application of bandpass filter: Only characteristic
wavelength of hydrogen
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Fig. 8 Outline of hydrogen visualization system
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