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Development of Multi-hydrocarbon Component Measurement Method Using TDLAS

Takahiro Kamimoto Yoshihiro Deguchi Qiming Wang Yuzo Hayashi Yoshiki Nishida

Satomi Kusanagi Masahiro Kawasugi Keiji Isamoto

In this study, we developed a technology that can detect multi-hydrocarbon component in a wide range of 100nm with 3um high-speed
scanning laser system based on difference frequency generation method lasers and tunable diode laser absorption spectroscopy (TDLAS). The
applicability of simultaneous multi-hydrocarbon components measurement technology in the engine process was evaluated. TDLAS with 3um

high-speed scanning laser system is capable of mixture measuring and has the potential for practical application.
KEY WORDS: Heat engine, Spark ignition engine, Measurement/diagnosis/evaluation, Hydrocarbon, TDLAS (A1)
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Fig.2 Experimental setup for measurement of hydrocarbon

absorption spectra

Tablel Experimental conditions for single-species

Species Concentration | Temperature
Methane (CHq) 0.1% 298K
Ethene (C2Hq) 0.4% 298K
Ethane (C2Hs) 0.07% 298K
Propene (C3He) 0.6% 298K
Propane (C3Hs) 0.8% 298K
Butane (CsHio) 0.1% 298K
Pentane (CsHiz) 0.6% 423K
Benzene (CeHo) 1.6% 423K
Hexane (C¢Hi4) 0.4% 423K
Toluene (C7Hs) 2.0% 423K
Methylcyclohexane(C7H14) 1.3% 423K
n-heptane (C7H16) 0.8% 423K
Xylene (CsHio) 1.6% 423K
Diisobutylene (CsHie) 0.6% 423K
Isooctane (CsHis) 0.3% 423K

Table2 Experimental conditions for multi-species

Species Concentration | Temperature

CH4 and C3Hg CH4:0.2%; 298K
C3Hs: 0.1%

C2Hs and C3Hs C2H4:0.5%; 298K
C3He:0.5%

C2Hs, C3He and CoHe:0.1%; 298K
CsHio CsHs: 0.5%;
C4Hio: 0.1%
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Fig.3 Engine exhausts test for evaluation of multi-hydrocarbon

COl’IlpOIlel’lt measurement
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Fig.4 Absorption spectrum of CHs at wavelength 3210-3390nm with
temperature 298K and 0.1MPa
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Fig.5 Absorption spectrum of C2H4 at wavelength 3280-3400nm
with temperature 298K and 0.1MPa
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Fig.6 Absorption spectrum of C2He at wavelength 3280-3400nm
with temperature 298K and 0.1MPa
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Fig.7 Absorption spectrum of C3He at wavelength 3280-3400nm
with temperature 298K and 0.1MPa

HBERTSHRNE

208K
05 0.1MPa
0.3%

01

Absorbance
= = =

0
3280 3300 3320 3340 3360 3380 3400
‘Wavelength (nm)

Fig.8 Absorption spectrum of C3Hs at wavelength 3280-3400nm
with temperature 298K and 0.1MPa
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Fig.9 Absorption spectrum of CsHio at wavelength 3280-3400nm
with temperature 298K and 0.1MPa
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Fig.10 Absorption spectrum of CsHi2 at wavelength 3210-3390nm
with temperature 423K and 0.1MPa
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Fig.11 Absorption spectrum of CsHs at wavelength 3210-3390nm
with temperature 423K and 0.1MPa
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Fig.14 Absorption spectrum of C7H14 at wavelength 3210-3390nm Fig.18 Absorption spectrum of CsHis at wavelength 3210-3390nm
with temperature 423K and 0.1MPa with temperature 423K and 0.1MPa
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Fig.15 Absorption spectrum of C7Hie at wavelength 3210-3390nm Fig.19 Absorption spectra of CHs and C3Hs at wavelength
with temperature 423K and 0.1MPa 3210-3390nm with temperature 298K and 0.1MPa
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Fig.20 Absorption spectra of C2Hs and C3He at wavelength
3210-3390nm with temperature 298K and 0.1MPa
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Fig.21 Absorption spectra of C2Hs, C3He and C4H.o at wavelength
3280-3400nm with temperature 298K and 0.1MPa
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Fig.22 Results of thermocouple temperature and engine speed in

engine exhausts test
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Fig.23 Absorption spectra in engine exhausts measured by TDLAS
with 3210-3390nm scanning laser
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