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Abstract : In order to enhance combustion efficiency and reduce atmosphere pollutants, it is essential to measure carbon monoxide
(CO) concentration precisely in combustion exhaust. CO is the important gas species regarding pollutant emission and incomplete
combustion because it can trade off with NOx and increase rapidly when incomplete combustion occurs. In the case of a steel
annealing system, CO is generated intentionally to maintain the deoxidation atmosphere. However, it is difficult to measure the CO
concentration in a combustion environment in real-time, because of unsteady combustion reactions and harsh environment.
Tunable Diode Laser Absorption Spectroscopy (TDLAS), which is an optical measurement method, is highly attractive for
measuring the concentration of certain gas species, temperature, velocity, and pressure in a combustion environment. TDLAS has

several advantages such as sensitive, non-invasive, and fast response, and in-sifu measurement capability. In this study, a
combustion system is designed to control the equivalence ratio. Also, the combustion exhaust gases are produced in a Liquefied
Petroleum Gas (LPG)/air flame. Measurement of CO concentration according to the change of equivalence ratio is confirmed
through TDLAS method and compared with the simulation based on Voigt function. In order to measure the CO concentration
without interference from other combustion products, a near-infrared laser at 4300.6 cm™' was selected.

Keywords : TDLAS, Carbon monoxide, Pollutant, Near-Infrared, Incomplete combustion
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Figure 1. Linestrength at (a) 0 - 3.0x10™' scale and (b) 0 - 1.0x10%
scale of CO and combustion products in the 4300.0 to

4301.5 cm™ spectral range at 296 K (from HITRAN
database).

RAAE7] R 2L Fw PYAEE 7tA BAEL e
27 Q1e] A= lasfof st Figure 1(b)3= Figure 1)
o] ajZ Y& M7EE shfste] B azo|th Figure 1(a)
oAl CO 7}A Bx} A7ber) vhola 245t Ao gholy]
%l o™, Figure 1(b) &= H,0 AZE7F CO A= o

Fo uHA G WS Belstart
Figure 2(a)& @14 Wj7]7k 2o 4] CO 7k B A%
%o} B Qlh AHEEY M4EE wad Zelth Figue
1(b) L) =2} Figure 2(b) I ZE H|T P o] Y A=
= i3] B L5l Alssto] whal o we 10 A7 w7t
. ST CO F F4 94 ool 7h4lo] Aol
Aol A ez 7|7k

N
52
rr
pay
o

fot
rO
i'rl.',
8
o
e

e
41
rr

LPG/57] 3F¢ dax7k2so] A AL

f
Q
o
off
it
AN
o
>
et
r
e
-
«
0

) Temperature 523K
3.0x10 =
(a) -CD
2.5x10°% | e
‘E -Hzo
= 21 -Dz
w-!! 2.0x10° | o
E " I 1O,
=1.5x107 |
E
g1.0x10'21 F
g
S5.0x10%
() S S RS
1.0x107% (b)
~8.0x107
E
__E
o |
E 6.0x10
e <
=
240107
2
E 2.0x107 |
-
‘ | | | |

0.0 : : :
4300.0 4300.5 4301.0 4301.5

Wavenumberic m'1}

Figure 2. Linestrength at (a) 0 - 3.0x107' scale and (b) 0 - 1.0x10"%
scale of CO and combustion products in the 4300.0 to
4301.5 cm™ spectral range at 523 K (from HITRAN
database).
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Table 1. Experimental conditions for equivalence ratio

Equivalence Fuel Air Total
ratio (2) (L min™) (L min™) (L min™")

1.0 1.9 44.1 46.0

1.2 22 438 46.0

1.4 2.5 435 46.0
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Figure 6. CO optical absorption signals at 296 K.
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NOF: Non-Oxidation Furnace

TDLAS: Tunable Diode Laser Absorption Spectroscopy
QCL: Quantum Cascade Laser

DAS: Direct Absorption Spectroscopy

FWHM: Full Width Half Maximum

DAQ: Data Acquisition
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