Trans. Korean Soc. Mech. Eng. B, Vol. 43, No. 11, pp. 787~795, 2019 787

<gEE2> DOI https://doi.org/10.3795/KSME-B.2019.43.11.787 ISSN 1226-4881(Print)
2288-5234(Online)

CT-TDLASE 0|28} 3x}2 oAy =X

Mal3" - =53] - Yoshihiro Deguchi
* et 7] Al E s, e A b ghal ket ely] s okl

Measurement of Three-Dimensional Combustion Distribution using CT-TDLAS

Min-Gyu Jeon', Deog-Hee Doh"" and Yoshihiro Deguchi”

* Division of Mechanical Engineering, Korea Maritime & Ocean Univ.,
** Graduate School of Advanced Technology and Science, Tokushima Univ.

(Received July 1, 2019 ; Revised July 18,2019 ; Accepted August 27, 2019)

Key Words: Computed Tomography(% 43} T3 2<J), Tunable Diode Laser Absorption Spectroscopy(7+%¥ T}©]
Q= oA F4 33H), Temperature(+-%), Data Reconstruction(H]©]E] A} 5-4]), Exhaust Gas

(1 717F22)

=8 dqUA APS afH oz A8e7] A E A4 7z gk AEsk S4o] FQ3stth. TDLAS
ZlE2 O 7t 59 FEE FA SAT ¢ Ak dA 7o A Aloj7F 283k e
22 TE 3xe ARE =AH3 AFA B nHEth B Ao s AT dAS Aols
3 BUE 3R CT-TDLAS A]2ElS o] &3tt). wek-3 7] o =338l 9 37‘4% er BIXE= CT-
TDLAS Al2=®lol| o] SA4=lom, 32 &% F¥X+= 2 X}‘”J Aol 57 Fo= SA4sAn 53] &5
A EG] 329 A FAdo] SMART &ilgl&5S A&t EAge} CT-TDLASE EE F9 =% &
gk Az} 259 Fot Jl a7t 19.7K=E A gstA SA At

Abstract: In order to use energy resources efficiently, accurate measurement of combustion gases is necessary.
Measurement of the temperature and concentration of a target gas is possible with tunable laser absorption spectroscopy
(TDLAS) technique. The TDLAS technique can be used to control and monitor combustion in industrial processes. The
3-dimensional temperature distribution of methane-air premixed flame was measured using the constructed computed
tomography tunable diode laser absorption spectroscopy (CT-TDLAS) system. The 3-dimensional temperature
distributions are measured by five layers of the 2-dimensional cell. The simultaneous multiplicative algebraic
reconstruction technique (SMART) algorithm was adopted for reconstructing the absorption coefficients on the meshes.
As a result of comparing the temperatures for all the layers using thermocouples and the CT-TDLAS technique, it was
possible to accurately measure the average relative error of temperature as 19.7 K.

- 3 pe Wwe] THAAREALS Fo] ArHwm

2 7h kol fslo] ATk Wb Agajel A

#AAE sy A% Aoz, 192d W Tl viEHL Thne) e Rl
EURO 1238 Al&3ke] 2015356 BURO 6 = @ S8 5740l dasi.

ol 485ch EURO 6 71 &8 wSspy] sy Fine §0f €176] €O, NO R NHy} 22

AEae] NAADES FAEAY SCR(Selective S & /FE AEII] A wE AbshE WA

=2
Catalytic Reduction), EGR(Exhaust Gas Recirculation) AN = ??O}Oﬂq’ HEQF, Wang *()O w717k 2~ 9]

2 == A3 o A X
Sl wwe Ao ARd awave nod eAne Conn ool s ARy velaw Al

o 3(2019.5.22.24,, %4+ BEXCO) W=, = ARSI St el v E e A S
+ Corresponding Author, doh@kmou.ac.kr 7] ol AXH 18 (point wise)oll W3t BEF=
© 2019 The Korean Society of Mechanical Engineers o o]AFA geoR JlAe] AA wEHS ALA




788 At =43

g gk ol @AlE NSkl flE A
W 7)1 7k 22k 2= 3
CT-TDLAS(Computed Tomography Tunable Diode
Laser Absorption Spectroscopy)s AF-&38fal Jth.C™
3, A wjrIzkze] i@ 2xkd 2= 54
CT-TDLAS ®H& 283ttt n)7|7}29] 24}
g AWML 1Y ARG LI ARE f=

3kl B3k Choi 58 CT-TDLASE ©]-&3 2314
S4 Ao AseEdds A% A% g5 HA A
F A710 W or3p dugE RRINS &gt
gy AAe] g9 9 wjETtas dYsHA As
SHA| ggo® T 7HA SAY BT EYSA 9
9 xdste d oywol ot EA4Y 59
A =A-S 93] 249 CT-TDLAS 7]H<& 2¢Ad
AA 3k A o Aol k. ol¢k fAbgh
A2 Yoon TP 3x9 2% B¥ =4 A+

139 Baa e A
layer) A}o]<] ’6}%1741"?— -@"ﬂ% H]O]H
Aoz 33 &

-
o &
_?L
_?L
R
m{m
JH
12 4o
QL
N
i
r
re
<
rr
}11
o

~ 5™ layer) Alo]E
o] ﬂ Fa Ao EA B
%

i
(2
2
i,
(98]
Wi
24
(o
rlo
ki

2.CT-TDLAS 0| &

TDLAS 7I®-2 d@lolA Fo] i ko] XA}
2w 71A 27 54 sl Ws Faske 9
2] & ©]&3th TDLAS 7S AREEhel 9o +

e tholo = HolAE Abge i) 7129
TH e A 3G H1eE 24Tl Aok o
A Ttme] £ 9 Fyrd gE ArE SAo] A}
& dolAe YAEI FHFe] zpo]|REEH
g 3l

o2 g J&ﬁ]L 21 (1)¢] Lambert Beer’s W2 0.2
BACRA=0

AQD)
1,(4)

=expid,} = exp{—Z(P-n, -LZS (TG, )}

- Yoshihiro Deguchi
0.1MPa —300K
21-2 T # ----500K
2 : — -900K
2 ky
gos f}
£ ’! \
2 i
Toa 1 |\
K] I\ #2
&« n/ \ A #3
0.0 / - = L4 A A

1388 13881 13882 13883 13884 13885
Wavelength[nm]

Fig. 1 Relative intensity of theoretical H,O absorption
spectra (1,388 nm~1,388.5 nm)
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Fig. 2 Temperature dependence of three absorption lines
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Fig. 6 The calculation process of temperature and
concentration at all grids in CT-TDLAS
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Fig. 7 Experimental apparatus for 3D temperature
measurement in flame burner using CT-TDLAS
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Table 1 Experimental parameters

CH, | Dry air Surroqndmg Inside of
Case (L/min) | (L/min) air 3D cell : N,
(L/min) (L/min)
N, test - - - 55.0
Alr test - - 25.0 55.0
Cf?“'a“ 024 | 19 25.0 55.0
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Fig. 10 The entire optical path diagram
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Fig. 11 Temperature distribution measured by thermo-
couple (1* layer)
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Fig. 17 Comparisons of temperature distribution at Y =0
mm calculated by the SMART algorithm of CT-
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Fig. 18 Comparisons of temperature distribution at Y =0
mm calculated by the SMART algorithm of CT-
TDLAS and measured by the thermocouple (3™
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Fig. 16 Comparisons of temperature distribution at Y =
0 mm calculated by the SMART algorithm of
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Fig. 19 Comparisons of temperature distribution at Y =0
mm calculated by the SMART algorithm of CT-
TDLAS and measured by the thermocouple (4™
layer, Z = -14 mm)

w3 AAYS} CT-TDLASE 4% RE ZH
AT 330K, AULE 976K)°] SEE wmd 2

<

7 G Ao et 197K S A



CT-TDLASE o] &3t

Y=0mm @ Thermocouple
= 1200 4 A CT-TDLAS
4
[
(]
1
3 800 2
5 ¢,
a 4 LY
E 40 2 ¢ -a .
2 4o L
0 T T T
-20 10 0 10 20

X[mm]

Fig. 20 Comparisons of temperature distribution at Y= 0
mm calculated by the SMART algorithm of CT-
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layer, Z = -28 mm)
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