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Basics on Absorption Spectroscopy
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Abstract: Absorption spectroscopy uses the absorption phenomena to measure concentration and temperature. The strength

of the permeated light is related to the absorber concentration according to Lambert-Beer’s law. Atomic or molecular

concentration and temperature are determined by the line shape functions and the Boltzmann equation. There are several

methods which uses the principle of absorption phenomena. These include Tunable Diode Laser Absorption Spectroscopy
(TDLAS), Fourier transform infrared spectroscopy (FTIR), non-dispersive infrared spectroscopy (NDIR), photoacoustic
spectroscopy (PAS), and cavity ring-down spectroscopy (CRDS). This paper explains the basics of absorption spectroscopy
for the combustion application. The basics and application of TDLAS using Computer Tomography (CT) is also introduced

as a 2D measurement method which can attain the time-series imaging in measured fields.

Key Words: Absorption, Concentration and temperature measurement, Combustion, Imaging

1. ¥5

TP URRA TDE)ITRBERIR e = 2L X — LT
B LTEAT 38 IcB 0T, BREREPIZLE—DF
SHFIHOBEEMESEH I N TWE, 20X BEEH» B,
Z OREPHPEN IR 2 FE L (T 2 2 L3R L
BoTw5, ZOZ—RICNIET 270I1C1F, WMEPLAR
BATIREZEH L, KROFEMIEEZHO»E$25 2 &8
DETH 5, T, WL - BINEOFHIIFRELT, L—
Y—70 EDNZIGH L 725 2SFEpAE S TR D,
BIRE « LR EHHEH I TV B[14], 2D L) e
MipAFEIC X b, v UL RO A% E 7 L AR
A& > T\ 5[4-8]. ZoHT, WIEikid % o el
DHHTH Y, ErErzERLP TR EDHREZAL,
ORI B W TIEA S TW S, IR, SEo3k
IR 2 B 5 & & DI ZGHII L, NREK T DI
J, REZRkOZFHETHY, FHlloEEElL, Sz
HiVE LaFEBHESNTw2, Zoficld, 7—-9x
25 1 % A% 23 Y6 i (Fourier transform infrared spectroscopy,
FTIR), JF 73 #  2R AF # 0% UL % (non-dispersive infrared
spectroscopy, NDIR), I 1% I Z8 844 L —F — WUk (Tunale

* Corresponding author. E-mail: ydeguchi@tokushima-u.ac.jp

(34

Diode Laser Absorption Spectroscopy, TDLAS), ¥ *E7 4 U
VT 53 (cavity ring-down spectroscopy (CRDS) 72
EDPHFE SN T B[1-3]. AMBTIE, WINTERICB L
<, AV, HT - oTo®E T, IRE), HiST oL —
el & 2 DE, Lambert-Beer HI| 2 I & & % S,
BEFBEORBIC OV THMELZRD DR, £,
TDLAS Z Bz, BRBES DRI, BIEEHIHI RS L va v
v 2 — & WikE sk (Computed Tomography, CT) & #HlA4
bA 7 2 Kot (2D) ML, IEEEHRE R 7% £ OIS Z /v
9 3.

2. RRDHEDIE R

21. BF - PFOIRILX—#(

WA T, T - T FONEBZ 3L X —BR I
INBIHRZFHL T2, JHF - ricid, BEICX
DEE SN BAET 2L X —ofth, JFT - o RS
T5EF, KRE), B2V —DEET S, R T - 01
HEBAHT 2L, ET - 3TOZ X =BG L
RO ZRINT 5, BT, IRE), MEETRLF —I3H
T OTICREREEZET 370, WINARY b Lz
THIEIICKD, WE REZFAETE 5, WY, EHT -
JRE0ET, Rl Il —ROZDERIZET



HIETRER,  WRINT Y6k o L0

KD BEI NS, AEFTE, 2 BTaTrEelic, =
FOLF —HENT & Z DIEFLICO W TGS 5[1,3].

2 RFDTOLFINF—HERIL, BT FLX — (E),
RE)Z 2L ¥— (E), M2V ¥— (E) DRELTRT
CEMTES, INHDZFNF—IF, v al—FT 4 v —
HEAOEEREEOEEEE LCEETE S, Bl
¥—i3, BFHEICESI VX —TH B, 2 FFo+
T, IRE)ZF VX — E, B FLX— E M ToRX
ThHEZoNs,

E, th[a’e(wé)—wexe(w%)z +a)‘,y(,(v+%)3 J (1)

E, =he(BJ(J +1)=DJ*(J +1) +--) @)
ZIZT, hET7T 7R, o 3, v IR TR, J
RIHEER T, 0, ox, o, SIREEE, B, D, ik
ERTHD, TFRIVX N ( ICHEET 20 FE N 1%, R
WY 2 VAT E D BUESI N, NRET 0T H n LT
DR EHT 5.

—E;/kT
nge
n=—=——-

' Z
T, g RO E 3T 32)LX —HENT | OFfRIE & = 7L
¥—Tbh 2.

EallcmR Lk 9L, FHY - oFici3g oz ¥—
HWAIDEAEL, MO 2N F =21 LEEDNL
WA END LJFT - 3 EZ20XERINT 2. ORI
DM, FIRINC X D PE SN, Z DONRIEE L ER
EFRIC X W BRESIND, Znsofilk, BT ¥R
FHRESFMA SICL Dk onTE D, s Dz HHE
BL7T = R=ZAPIEHING Z L%\, T—F X—
AL LTIE, HITRAN 7—% RXR—R[9]% EVEFEET 5. &
B, IN6T7—FX—21%, FEHE L OREENAEL T3
ZEDLL, FRCERR T, EHEE -2 L L%
Jv, KEELR 2 X % 335 5 [10].

3)

2.2, RIRGBHKE

WA GBI T - 3 FDRE DR D2 WIS 5 1
B RO ZE OWINE DML « IR A EZ AT L 7251 T
H5H, AFHOEIOLRE L OWIURAZBET 2 & &, AS
W Lo E3EEIG D DRED I (/Do) D3HE X RER Gy DI
PR T 2. ZoRIE, PUFICR T Lambert-Beer
A2 HE 5 [1-3].

I, /1,,=exp{-4,}

=exp {—Z(nlLZ Si,j (T)GV,.,J. j}

4)

(35)

127

Z 2T Ay \FOCHE, n \XYERT i ISTRET B RUEIE, L
B, S, (1) ZHERLi 525 j ~DEBBIZE T 2 IR
B, TIXIRE, G 3RO 7 — = 7B#TH b,
JE Voigt BIBITR I N B[1]. TRIUHLIR L I3RS & RIS
WAL, A7 PUVIBR> SHEZ, A7 FIVRED S
WEZEM T2 Z LT E RS, A7 MVIRO GG
Tk, IR - EAOZAIHE ) TR D 7 e — R = v 7 %)
R WYNH D 5 B3 d 5 [1-2].

2.3. RRAFEEE BV =B L EHEIFE

WGy ek e, FHllo@RE L, SEbZ2EmME L
FEBHEFE I N T B, 2 O fizid, FTIR, NDIR,
TDLAS, CRDS 7 &% %[1-3]. FTIR & NDIR (%, Y&
&L ORIMEo#EROEZ M L T3, FTIR T, o
THEHSEAHL, RS2 THEE2 7 —) 2287 3
TEILED, MNARZ P LE/{LZLDTH D, —/,
NDIR T, #Hfts 20 EHEHL, WINEZHET S,
TDLAS, CRDS Tl&, MHE L CL—¥ =Xz T 3.
TDLAS T, L —¥%—DEEL2ZIE, KRR
Lol Ezmt T2 2 &2k b, WINARY FLE
I 2, EEELE HIIC, oL ERIEHT 5
HEDHW ST B[4]. CRDS T, 2 MOEKH I 7 —
O X Y ET 4 — KL, 7 —HTL—¥—
N LEKBEIELILICLD, ROEKEZERL T,
FHIEEE 2 1 B L CTw b, £FHETIE, &4 iz
BLTEY, WANRICEDIEHAT2FEEZEET LI L
DEE L, BEESICE I 2 2 085HITlE, L—¥—k
DRE# 4L, TDLAS, CRDS 7 & DL —3 —)GHFHI
BeftiSIA QA I N T» 5,

24. CT

W TIE, % IS U 72 el L eINASIE 2 % 72 o,
BEMEIIEH LOMEEE 22, Z0kd, L—F—N
BOBMEL DEHICE RV E VLI REDHL TV, T
Iz FVC 2 Kounfiz Ko 27 01i%, K 1 IR
T LI, HEOL —F— SR E IR R L, CT
ZEMAT 32 EBBITEE B[, 11-15]. 1 oz EE L7
Bitr, SRINT A4 2B 2 E5HEEIEDTY ofR &
bINB(L,11].

4,,= ;

Z 2T An, 3R A pIcB T BWILEE, n 137V v Fqlilk
2 TR, L,, 7)) v F g &5 p HIADSAE,
o, V37V Y R q ITB T 2BRIURETH 5. CT iz,
OIS, BWESAEREL, 2 @)-5) 2V THEER
R MV EHERARY PVOBEPRINE 2D K9, T,
TREES A 2 IR S & 2 BB H O 5T 5[16-17).

Error = Z{(A;”q )I‘he()yy - (A/i,q )experimet }2

nL

q9 P9

, )

(6)



128

Fig. 1

CT grid and laser path.
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Fig.2 Experimental apparatus for oscillating flame measurement.
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Fig. 3 CT measurement cell for CH4 measurement.
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(a) Position of laser path 3, 4, and 14.
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(b) Absorbance time-history of laser path 3, 4, and 14.

Fig. 4 Absorbance time-histories of laser path 3, 4, and 14 in 50 Hz
oscillating flame.

(a) 0 ms (b)2.1m (c) 4.2 ms (d) 6.3 ms
(e) 8.3 ms () 10.4 m (g) 12.5ms (h) 14.6 ms
(1) 16.7 ms (j) 18.8 m (k) 20.9 m

Fig. 5 Photographs of 50 Hz oscillating flame.
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Fig. 6 Time-history of 2D CHs concentrations distribution in S0Hz
oscillating flame.
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Fig. 7 2D concentration measurement apparatus of NHs.
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Fig. 10 2-D temperature and NH3 distribution measured by CT-TDLAS.
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