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E’l
Q(T)

NS o RS

A 71%

Incident light intensity
Transmitted light intensity
Absorbance

Number of density of species ‘1’
Pressure

Length of light path

Temperature dependent absorption line strength

of the absorption line
Light line broadening —function of line shape
function

Lower state energy level
Partition function

Plank’s constant(h=6.6256-10"%"[erg - s])

Boltzmann’s constant(6.6256-10 *"[erg/K))
Light speed(3.0-1010[cm/s])
Wavenumber

The amount of absorption

Relaxation parameter

Temperature [K]
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Measurement of 3—Dimensional Temperature and
Concentration Distributions for Combustion field by

Using CT—TDLAS

by Dong Ik Yoon

Department of Refrigeration and Air-Conditioning Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This paper is aimed at 3-dimensional measurements of temperature
and concentration with multi-layers for CT-TDLAS(Computed Tomography
Tunable Diode Laser Spectroscopy). The calculation results with the
measurement system for the distributions of temperature and
concentration of the exhaust gas field showed clear differences of
temperature and concentration fields at each layer. In this paper, the

H,O vapor was considered as target gas for measurements, and the

- VIl -
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wavelength range of the diode laser was set at 1388.0 ~ 1388.6nm
where the absorption occurs. Double layers were installed with height
difference of 15mm, and 16 lines (8 X8 path) were constructed at each
layer. Additionally, new curve fitting method(exponential and weighted
curve fitting) and reconstruction algorithm(SMART method) was adopted
to enhance the performances of CT-TDLAS. To estimate the
performances of the constructed CT-TDLAS, the temperatures calculated
by the CT-TDLAS were compared with those measured by the
thermocouples. It has been verified that the relative error range is

0~33%.
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A7 EH QN nEYHA Y FAaHo] WatHA, 20139 19 195
WAoo wel Agoz2iE ouiAa
&= (EE, International Energy Efficiency)S &g uto} Ax|sfopat s
7F 7hed Agelth =3 FAAL | FIMO7E L E- ] wiEs E0]
| &l mid A7 AetEa Qo e s o A3 2 Mot
ol gt WA ZRY w77t~ E B SAHs= W ol
o] THHIL fdow, HT HFHIZAeRE fgadts o &3 Hitey
(Spontaneous Raman Spectroscopy, CARS: Coherent Anti-Stokes Raman
Spectroscopy)(Ax et al.,; 2010, Braeuer and Leipertz; 2009, Jehlickan et
al.; 2009), # oA=& 3 HLIF: Laser-Induced Fluorescence) (Engel et
al;  2009), deolAfF=&et=nE3  LIBS(Laser-Induced Breakdown
Spectroscopy)d (Hou et al; 2014) 52 #HolAe& AZr|&o Eo]
THHJAT. AT o] 3 JEEL 25U Yol wet YWY A=rt ¥
sHAl "W SAHol E7FekA 4. &3 &
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A|27% CT-TDLAS| 9|3 =% F=F A4t o]&

2.1 Lambert-Beer’ s Law

TDLASE Fig 215 o] 7hzujdol Wo] S7a o QAR FA3
A W wAe] T, WA 55, wAe] FrASel Hddts

Lambert-Beeri & o]  7]dtst =AHo|th(The Beer-Lambert Law)

= exp{—Z(ni- LE@J(T)GWJ)} (2.1)
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I (\) : Incident light intensity

o

L()\) : Transmitted light intensity

a, : Absorbance

€7

n, : Number of density of species ‘i

P : Pressure
L : Length of light path

S;; + Temperature dependent absorption line strength of the

€3

absorption line ¢j

G, ; - Light line broadening function or line shape function
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Fig.2.1 Schematic diagram of Lambert-Beer’ s law
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2.2 A7} =(Line-Strength)

A AEE 2EFFE B9e A" FTEHEE Slem am ')
Harvard-Smithsonian Center for Astrophysics, Cambridge MA, USA®]A]
A Fstes zZH BAE 94bo) @ HITRAN(High resolution Transmission)ell
o AEHE AFLE BHA . Slem Ymol- em ]2 YERITL A
2.20& A= Aoz n& ML E=Number Density)[molecules/cc], P&
2t= [atm] o] t}.(The HITRAN 2008 molecular spectroscopic database)(L.S.
Rothman et al; 2009)

Slem 2atm™ '] = Platm] 2.2)

2 22 dYdstd 4 CHF} 22 S =F dd 5 Aok

n=-— 2.3)

PV=NET 2.4

*

S lem™ Y /mol- em™ 2] x1013250[dynes/ (em® - atm))
kT

Slatm %atm™ '] =

(2.5)
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o714, k& B =4+ A<(Boltzmann Constant)E el TIK]E =4

A7 o] exolt}h 2] 250 ExW AeE UYste AstH 2
2.6)3 Zo] vetd & A3, TE FEF2=(0296K)z 7HA-stE 2 2.0
2ol HFo A A=AE & F U
21
g= SOMIBARNT) s 402, o1) 2.6)
T
S=5"x%(2.488 x10")[cm 2atm '] 2.7

HaEATE B AUAE B JeelMe] AgEE 22w 2EE
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—hcV,,
T QL) [_hCE,:”(l 1)} e

k\T T, —heV,, )
kT,

(2.8)

1—exp(

o714, heE Z23 APlank’ s Constant, 6.6256 - 10%erg - sD), ke
B =ut A<Boltzmann’ s Constant, £=1.38054 - 10[erg/K]), c= o] &
% (Light Speed, 3.0-10"cm/sD, wv,lcm™l= I}F<=(Wavenumber), E”
[em™ ']E A& YA (Lower-state energy leveDZ Yel 1, QDE &
v gh<=(Partition function)o]t}. E&po|l A e akel] AA = 52 ¢

E AQIR FolHw 34eR FAH

Q(T) = a+bT+eT?*+dT? (2.9

Z Al ab,cdes Table 21278 &l @ & flow 2&+3td we}
ey

=
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Proportion of molecules

Energy (J mole™)

Fig.2.2 Boltzmann distribution for different temperature condition

Table 2.1 Coefficients of the polynomial expression for the partition of H,O

coefficients 70<T<500K 500<T<1500K 1500<T<3005K
a -0.44405 % 10" -0.94327 < 10 -0.11727<10*
b 0.2767810° 0.81903 > 10° 0.29261 10"
C 0.12536> 107 0.74005> 10 -0.13299x 1072
d -0.48938x10° 0.42437x10° 0.7435610°
~ 10 -
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3 AZ387 3<4(Line Broadening Function)

dojAgol ols] Ztx=®Ae FE dojd W AFFHL AT
(Line shape function)® = YelUH, FAS9 #L43 AFFH
(Homogeneous broadening)¥ #4594 4943 4% (Inhomogeneous
broadening)e.2 EFHATY. E=3 Hole EFH A TSMultiple
lineshape fuction)©. & Z1¥-¥ t}.(Tables of the Line Broadening Function
H (a, v ))(G.D. Finn et al; 1965)

AEgre o9, 250 o3t IdEA $HI 250 wet F545 9

A7 8 AERAo] dojuhd, oldd WHEL Stao FEAZ o

=]
AN
ot
>
Y
g
1>
S
—

=2 1007 Zo] yetd <+ Q.
2 =RdAe =58 A2 54 Doppler Broadening)¥® #£2k1t &
gk dZ 34 (Collisional Broadening)e] d&FS =F 1Hste dFH =g

<l Voigt A¥grE ol &3t

fm Gdv = 1 (2.10)

_11_
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2.3.1 Doppler Broadening

(Thermal motion)ell oj&) WAHM, 19 7tAY4-E 93 =28 g3
(Thermal Doppler Broadening)2 ©l% =HA yUehdo. &, &49 &5
of o3 WAHE A Hxd nE =&Y AT

a
=9k Fae 4 AEge] g =&7 AF(Doppler Width)2|
212 @21D3 Zo] yed & o =FY RkEe 4 Q212EFY
g & A Vylem 'S FAF IS (Linecenter frequency) ©lW T[K]+=
25, 283 Mlamu]S FFsts 712 A2 Ex&FMolecular Weight)
S yepdth.(Doppler Broadening in Beam Experiments)(P.J. Chantry et al
1971

2

2 [In2 V=W
GD(V)— AV, - eTp— 41n2 AV, (2.11)
AV, = Vy [ P2 7 16931077V, o/ (2.12)
mc M

_12_
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4.0E-04
3.5E-04
3.0E-04
2.5E-04
2.0E-04
1.5E-04
1.0E-04
5.0E-05
0.0E+00

Absorption (a.u.)

e Doppler and collision broadenings (Voigt)

+ Doppler broadening

Collision broadening

-0.1 -0.05
I

005 01 Av{cm)

1,565.30

1,565.35 1,565.40
Wavelength (nm)

Fig.2.3 FWHW(Full Width at Half Maximum) of gaussian

lineshape function.
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2.3.2 Collisional Broadening

Collisional Broadening 7}2=&A71e] A& F&o o] TAHA,
Heigenberg B84 delol os&) dHET. 7t~

7t BeTE A F AFuA F99 W
A& gz HdEFe F7HE RAY olgd AFWste 242.13)9

Lorentzian A &34z T3 H o2}

(2.13)

FAHPhoton) AN A7} SEH o= AgE AZtez s &3
& = gt} SHAYF &= Aol(Absorption Transition)] oA ez} =}

QA ol ofs) paATE, AAH AE 2 Lorentzian ¥ &

AVH
1 2
G,(V) = — AV (2.14)
(V=Vy) + (=)
— 14 —
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o714, AV, [em ']& collisional AZ(FWHM) 22812l Vi[em '] T4
F39t4=(Linecenter Frequency)olt}. o2 g & A= 3o tjiEo
%

S HlwF 7 oA E9e FHoR A FA & g Sl

= 4 Q15 Zor olE 2E3E YeEiidH 4 (21603 2o
(Collisional broadening of rotation-vibration lines for asymmetric top
molecules. 1. Theoretical model for both distant and close collisions)(B.

Labani, et al; 1986)

AV, = PY(X27,) (2.15)
J
T
FT =y (T (2.16)

X & j% 729 B E&Mole fraction)& WERNM, 4 lem 'atm e F
5 XMZ g3 A4(Coefficient of Collisional Broadening), 7,+ 7% <%
ne 2% °]& A<(Coefficient of Temperature Dependence)o]th. Z4

Fago| A 9] Lorentzian A& k212173 2o}

2

GC(VO) - TAV,

2.17)

_15_
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2.3.3 Voigt 3=

a1, Collisional Broadeninge =& ¢ WA & IdFS 54 It o}

A BAS Faol sl wAHE FRAse] HE sge Adm A

5

Gaussian A &332} Collisional A& 3r-E AZFSE T2 d Voigt Profile
Voigt Profile 2] (2.18)¥% o] Yetd &+ glow, F
AFakg g ol A el BAAL 4 (2199 2ol YelRd 4= th(Use of the

Voigt function in a single-line method for the analysis of X-ray

rlo
mlm
=
Ify
ot
g

diffraction line broadening)(Th .H. de Keijser et al; 1982)

GV(V):/j Gp(uw)Go(V—u)du (2.18)
(V) =t [ H Gp(V)Viax) (219

Voigt ¥4~ o+ Doppler Broadening¥} Collisional Broadeningell <¢]3f 2
AEE AE Aol Ad JREE e, FEo) @ HE Aol

37k F71% W, o E=F F5A S 4 Q2003 2ol vehd £ 9
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oM o FFEMY FHORRE BAASe] Ageln, 4 (22D

VIn2 AV
a:—%?l (2.20)

D

2+/1n2 —
v = ngf%) (2.21)

D
Voigt HEIFE F4 BASLIA UIRE AT 98 2o Ag
st oy AA| A= Al Al ALEEE= VoigtdrE A &5h7]o &
s 9ok 24 AR AS A A8HE Voigtdrs e £AH 24

Me Agstel =23 Voigtd4E Ag@Th Voigtdd 4o HE

Whiting®'H{-& ©]-&3F AZFEWHME 24]Q222)2 JEd 4+ Ut

AV, A VE
AV, = ;#W T tAVD) (2.22)
VogitAdd a9 Ha Ho](Peak Height)s FAIF9-2RE & 4+ 9l

ow 22232 YERd & Ao BAALS 2.24), 2.25)9 2o

G%W=<VaGHQ:Z%> (2.23)
ED

_17_
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. Vb
[t .
V= D (2.25)
ED/In2 '

AV,SF AV 247 Gaussiand)t Lorentzian 32 HWHM(Half-Width
at Half Maximum)AlF-olth. 2 dAFoA s 259 o3 HAF &4, o4y
o 9% AF IS 5T g Voigt AEY FFE o] &S
t}.(Application of asymmetrical Gaussian/Lorentzian mixed function for

X-ray photoelectron curve synthesis)(Isao Kojima et al; 1987)

_18_
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2.4 FAdd oY AE

A AlZE = Voltagegkol o] ETh o] §4A4 gz Curve fittings

el §4 2HEYe THT F471 dold FgIMe) exol e}

Fitting Curve

s

Relative [ntensity

Absorption curve \\)\

Fig. 2.4 Absorption data

Time

_19_
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AREE AQR8)A BHienkel o] & F<ol, Table 229
HITRAN2008 Databaseg &3t H,O0 ~HEFS FFAEE gol &
AT AR AE YA L2Fo) A CT-TDLASS] =443} Thermo-
coupleZ2 =A% EFo] 2&7} AZ HX|5FA] o} Air-Broadening}
Temperature-dependence coefficientgt& FA2HojA= WHASFHOH 1
# Table 2304 &3l & =« v &, sSiHIFA] AHFANA=
HITRAN Datas o]&3t Alqtetil, a2FoMe= 488 #e ol &sts
Hybrid Wals Agsta . Fig 2.5 900K, 1000K, 1300K el A1 <] H,

A EHRS YT &5 Wstol] mat zp 9ol A Fagro]l Wekes A
= A & g A 474 = HolMe S dEsFor Ay I
T Yo o9A ¥z 92 1388.085nm, 1388.135nm, 1388.136nm,
1388.183nm, 1388.326nm, 1388.454nmelil B AFolA = ol 7+t #1,
#2, #3, #4, #5, #6022 TP Fig 2.6 7 S #1, #2, #3, #4,
#5, #6014 =0 WE A A5 dEit o]8 Z& HolHES ol &
st 255 A ta doAs AA Y FFAHER S ST

7] 9% fitting &g Eol A3 HE&E& 7<=
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Absorption Spectra
0.4

e e S =
o i w w

Absorption [a.u.]

e
=

0.1

A ™,
J\ Y1
0.0

7201.0 7201.5 7202.0 7202.5 7203.0 72035 7204.0 7204.5 72050
Wavenumber[cm-1]

Fig. 2.5 H,O absorption spectrum of three temperature
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Fig. 2.6 Temperature dependence of six lines
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Table. 2.2 HITRAN2008 absorption database

Frequency Wavelength ey 7 o)
[cm™ - atm™]
7202.037 1388.496 9.18x107" 3224.546
7202.060 1388.492 2.74x107%° 2495.166
7202.087 1388.486 3.56x10™ 136.1639
7202.256 1388.454 2.74x107 446.5107
7202.327 1388.440 3.76x107 488.1077
7202.448 1388.417 4,08x1071° 3135.764
7202.494 1388.408 9.78x107% 2670.79
7202.583 1388.391 3.04x10° 1201.921
7202.700 1388.368 1.64x1077 1411.642
7202.722 1388.364 5.75x10°® 1817.451
7202.805 1388.348 1.07x10°° 3870.224
7202.909 1388.328 1.15x10™ 70.0908
7202.911 1388.328 5.27x107 3216.193
7202.999 1388.311 1.68x10°® 1819.335
7203.037 1388.303 2.25x10°° 2586.529
7203.239 1388.264 8.58x10°8 2630.192
7203.265 1388.259 3.78x10°8 2053.969
7203.376 1388.238 1.74x10°° 3736.171
7203.450 1388.224 5.40x10°® 2552.857
7203.479 1388.218 5.30x107 2490.354
7203.635 1388.188 3.26x10°8 446.6966
7203.658 1388.184 1.58x10™ 1742.306
7203.763 1388.163 1.18x10°” 1131.776
7203.784 1388.159 8.38x10° 2000.863
7203.822 1388.152 3.48x107 446.5107
7203.824 1388.152 3.91x107 4016.115
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7203.890
7203.894
7203.935
7203.950
7203.968
7204.030
7204.053
7204.069
7204.135
7204.166
7204.232
7204.353
7204.426
7204.546

1388.139
1388.138
1388.130
1388.127
1388.124
1388.112
1388.107
1388.104
1388.092
1388.086
1388.073
1388.050
1388.036
1388.013

5.65x107?
1.88x107?
4.53x10™
1.77x10°®
9.65x1077
1.20x10™
1.65x107°
4.83x10™
1.70x107°
7.89x107°
2.86x10°°
4.63x107
1.21x10°
3.36x10°®

742.0762
742.073
285.4186
1050.158
2042.31
1640.506
3299.991
1474.98
1772.414
931.237
3058.398
2439.954
2248.063
1525.135

Table. 2.3 Variables to calculate temperature at #1 ~ #6

Collection @ kmou

) . Temperature-dependence
Wavelength A Line- Strength |, iz el i coefficlont
[nm] [cm-1-atm-1] Low High Low High
Temperature | Temperature| Temperature Temperature

1388.453 2.73x10E-2 446.51 0.086 0.7
1388.326 1.15x10E-1 70.09 0.1022 0.69
1388.183 1.59x10E-4 1742.30 0.0899 0.69

0.16 0.37
1388.136 1.88x10E-2 742.08 0.0534 0.67
1388.135 5.65%x10-E2 742.07 0.0451 0.67
1388.085 7.88x10E-3 931.24 0.077 0.61
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2.4.2 Exponential curve fitting

Fig 2.49} & F42135 5 Fig 259 £ FF2HEH HolHzE W3l

rl

A 7171 98l A3y AF@2D Temperature Measurement of CT-TDLAS by
Using Two-Ratios-of -Three-Peaks Algorithm)(D.W Choi et al; 2016)9 4=
2](2.26)3} %2 Polynomial equation (6th-order)E& A}&3le] curve fitting
= AHEside, 389 F7A5 9 gdE] FLd F4E 7EE 5 9l

<A TS xS st At 2 AFolME SHUEE Ho

g

Ll

sl Forod

A
fitting= ©] &3} th.

(z) = ay +ax+ ax® + a2 +axt +aa’ +aga (2.26)
0 T ay 2 3 A 5 6

f(CC) _ 6an+alz+a212+a,313+a4x4+a51’5+a61’6 (227)

HEH Hla B4 Al 3o|7t A gl ASRE Ho|R v Z} curve fitting

& A, #13 #29 s HwT o xpo]E F<l & 4 Yrt. Table 2.3
& Z+7Zho curve fitting 2§ Al #1049 2}, Table 2.4+= #2049 A&
UebdTh #1oAE  Exponential curve fitting & A1 o] o & A
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S e & £ 9a, xFH o7 #2014 Polynomial curve fitting #-&

=3 At olE FH BWEE| Hu BHE fd F
F A= R#E1/H#2)S] FE
curve fittingA] dolAXEel &+ ZA=Hl HAE2 1.186, Exponential
curve fittingAl 1.201©. & Polynomial®t} 0.015 &< S 71RTh o=
curve fitting?] a7} EojFol wet W=7 gL FgEo B =2

eEgge) A9 ZHo] Hse v,
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Fig. 2.7 Absorption spectrum using polynomial equation
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Fig. 2.8 Absorption spectrum using exponential equation
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Table. 2.3 Difference between exponential and polynomial curve fitting

Collection @ kmou

at #1 & #2
Laser | Exponential | 6th order Laser |Exponential |6th order
number, Max #1 Max #1 Difference humber| Max #2 Max #2 Difference
1 0.011611 | 0.011470 | 0.00014 1 0.009683 | 0.009802 | -0.00012
2 0.010528 | 0.010391 | 0.00014 2 0.008129 | 0.008244 | -0.00011
3 0.020195 | 0.019898 | 0.00030 3 0.014363 | 0.014614 | -0.00025
4 0.015262 | 0.015032 | 0.00023 4 0.011567 | 0.011761| -0.00019
5 0.017353 | 0.017103 | 0.00025 5 0.012164 | 0.012374| -0.00021
6 0.014664 | 0.014513 | 0.00015 6 0.011511 | 0.011639| -0.00013
7 0.018214 | 0.017995 | 0.00022 7 0.013705 | 0.013892 | -0.00019
8 0.019509 | 0.019278 | 0.00023 8 0.014133 | 0.014328 | -0.0002
9 0.015346 | 0.015125| 0.00022 9 0.011476 | 0.011662 | -0.00019
10 0.016415 | 0.016205 | 0.00021 10 0.012435 | 0.012612 | -0.00018
11 0.014027 | 0.013830 | 0.00020 11 0.011426 | 0.011592 | -0.00017
12 0.016605 | 0.016375 | 0.00023 12 0.012410 | 0.012606 | -0.0002
13 0.020065 | 0.019770 | 0.00030 13 0.014766 | 0.015015| -0.00025
14 0.017977 | 0.017725 | 0.00025 14 0.013132 | 0.013344 | -0.00021
15 0.011449 | 0.011260 | 0.00019 15 0.008409 | 0.008570 | -0.00016
16 0.015976 | 0.015781 | 0.00020 16 0.012096 | 0.012262 | -0.00017
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Table. 2.5 Intensity ratio for each curve fitting

Exponential 6th order
Laser number
H1/#H2 H1/#2
1 1.199112 1.170169
2 1.295116 1.260432
3 1.406043 1.361571
4 1.319443 1.278123
5 1.426587 1.382172
6 1.273912 1.246928
7 1.329004 1.29535
8 1.380386 1.345477
9 1.337226 1.296947
10 1.320064 1.284887
11 1.227639 1.193064
12 1.338034 1.298985
13 1.358865 1.316683
14 1.368946 1.328312
15 1.361517 1.313886
16 1.320767 1.286984
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2.4.3 Weighted curve fitting

ga4e) curve fitting A4 A Fig 29014 & 4 9150 FoauEd
AA STk e RES 9 ¥ 5 ok AVE Ul UGS
£ ge e /b 4 QAT curve fittings] BHgel A BAEE 03

2 <letel £4F T Bk AAA AP AT ME L5

v

to
rlr
A
s
o
Ay
o
off

(Axis-shifting) &< A A 24 HIFS =
o3 WHEL FF A9 HE o]&dte] £5 4= CT-TDLASOI
g ol AV 9
Hes 999 7teA A
(Coefficient of WeighhE al#3tnar 712 Algee 2(2.28)9F o] e
d = Atk

He 2o o2x2 zasinz A3 o5

il

Hd

o olg3 EAES A Y& S

o

Coefficient of weight = zn}lwi (F(%)—f(xl))Q (2.28)
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Fig. 2.9 Absorption spectrum before applying
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2.5 Computed-Tomography Reconstruction
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Algorithm)> MART(Multiple Algebraic Reconstruction Technique)¥ &=
A 33 AT (Improvements of  Tomographic Quantification Technique for
Temperature and Concentration Fields using a Multiple Algebraic
Reconstruction Techniques)(M.G Jeon et al; 2014)ol 4 ART(Algebraic
Reconstruction Technique) ol Hls| © F2 AF4H AHesE e
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Green line : Laser path  Unknown variables
Red line: Analyticalgrid * n(i,j)
« T(i,))

Fig. 2.11 Analysis grid and laser beam path
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2.5.1 MART Method

A~
T
Zth.(An efficient simultaneous reconstruction technique for tomographic

particle image velocimetry)(Callum Atkinson et al; 2009)

(A ) BLy
(L = ay (1) = | L omeme

(2.29)

A= 3%, ie A AE, j= do]A path HE, Le& §549] 4o, o

rr

>

I, A AT 5%, F(Relaxation Parameter, 0K <D= A
h

08 Awg ANHY Az FF Asel @

o™ Flg 2123 7o SAEE o)R3 H4L ozt FHIEHA
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Fig. 2.12 Flow chart of pattern matching algorithm
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2.5.2 SMART Method
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TEFH ALE Sy JxF HA7 o) 74A] JhESte] A4k
Ho =z 212303 #o] yEe ¥ 4 Arh(Performances of New
Reconstruction Algorithms for CT—TDLAS)(M.G Jeon et al; 2016)
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2.5.3 MART & SMART ®|a1%7}

MART®H 3 SMART®] A& HlwB7HE fal 7He S8 A inua
E TR pathe 442 HAASAT. 27|32 A3 A (Evaluations
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Uetdlemz MLOSH < A48tk MARTHA A8 © g9 @62 0.1
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Fig. 2.13 Distribution of coefficient of absorption using
MART method
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Fig. 2.14 Distribution of coefficient of absorption using
SMART method
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3.1 TDLAS 43732 31 AdATH
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Fig. 3.1 Schematic of CT-TDLAS

Fig. 3.2 Experimental cell
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Beam Splitter
Fig. 3.4 Equipment of TDLAS II
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Fig. 3.5 Absorption spectra for laser 01-08 at room temperature(294K)
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Fig. 3.7 Temperature distributions at room temperature(294K)
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Fig. 3.8 Concentration distributions at room temperature(294K)
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Fig. 3.9 Absorption spectra for laser 01-08 at high temperature(800K)
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Fig. 3.11 Temperature distributions I at high temperature(800K)
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Fig. 3.12 Temperature distributions II at high temperature(800K)
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Fig. 3.13 Concentration distributions at high temperature(800K)
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Fig. 4.2 Temperature fields measured by thermocouple for 64 points
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Fig. 4.3 Temperature fields measured by CT-TDLAS for 64 points
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