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Combustion Diagnostics Method Using Diode Laser

Absorption Spectroscopy

Hak-Joo Chat , Min-Soo Kim, Myung-Chul Shin, Se-Won Kim’,
Hyuck-Joo Kim™, Jae-Won Han™

ABSTRACT

Diode laser absorption system is advantageous of their non-invasive nature, fast response time,
high sensitivity and real-time measurement capability. Furthermore, recent advances in
room-temperature, near-IR and visible diode laser sources for telecommunication, optical data
storage applications are enabling combustion diagnostics system based on diode laser absorption
spectroscopy. So, combined with fiber-optics and high sensitive detection strategies, compact and
portable sensor system are now appearing for a variety of applications. The objective of this
research is to take advantage of distributed feed-back diode laser and develope new gas sensing
system. It experimentally found out that the wavelength, power characteristics as a function of
injection current and temperature. In addition to direct absorption and wavelength modulation

spectroscopy have been demonstrated in these experiments and have a bright prospect to this
diode laser system.

Key Words : Diode laser, Combustion diagnostics, DFB(Distributed feed-back), Direct absorption,
WMS(Wavelength modulation spectroscopy), Fiber optics, COz

Zilsdd

I, : Monochromatic laser intensity at Py 1 The measured peak 2f signal at

frequency v the line-center v,
S(T) : The line-strength function

Iy : The incident laser intensity
g(v—yy) : The line-shape function

S : The line-strength of the probed

N : Absorbing species number density transition

! * Measurement path length Ayt The collisional line-width

Q : The total molecular internal (HWHM) of the probed
partition function transition

E : The energy of the lower m . Modulation index

transition state k : Boltzmann’s constant

h : Planck’s constant ¢ : The speed of light
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2.1 Direct Absorption Method
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2.2 Wavelength Modulation Spectroscopy

WMS(wavelength modulation spectroscopy)i=
thole = go]A Fho] 50 kHzA =9 ¥z &+
B3 2o Fo -’ﬁ%-‘?—ql"i %9 first(1f) =
= second(2f) 23} AT E Fa WY B4 F
2 3 2% HFEgES EEHUs FAS 7Y

=
24, HY FF7idel vis F2 HEE VA
i, %2 SNR(signal to noise)?tS ¢ & F o
o, ¥ e g ZE(sensitivity) & %‘E—‘l F 3
A% Ad=Z ZFoAz & o ®ak ohvial
P S22 27 o9& FH3 MFeM AL
de 4% 5 F23 2f 415235 %3l noised a3
Aoz AAL F Adx, Fdo Fad 9% a7
B}E BT £71 Ak WMS 713 ##E gl ol
£ 2 4% el g 2o

IAY) = I (v+ msin2D (3)

o] & Taylor 42 784,

IAv+ msinf) = I{v)+( msin.Qt)% +

(msm .Qt) dIT+( msm Qt) dIT

s
(4)
ola, thg 3t ol Heald 4 sl
2 I
I (v+ msinQt) = [ I{v)+ & dVQT-F L+
7 2 1
stt[miz—F? d T+ LI+
av’
d’I;
_m =
cos 2.4 R + .. 1+ .. (5)
o] Aol B 4 d5o] Ipr DC AR, I, 2f
5 23 dsgel Few yyd £ A

o]
Lock-in amplifierg ©]-83}9 cos2Q¢ A&
%392 4% mol Fdn 7}74 3ld o] A3
1 ZE9 m FEH

e o

derivative) & 9]”]3}04, o] M3E B T %
2n AFEHES FEHNE 5+ do

2.12 COz 55 A4

WMSE %8¢ COo:o 5% AZolN 2xe)
A Fssoh Fel e Weldrka @

Lorentzian absorption line-shapeoll 2]3%F ¥z} 9

column density(XL)¥ o233 #o] ekl &
At

Pytv,. 2 24+ m?:  o\q-
I()S [m2( (1+m2)1/2 2)]

Xl

6)

o] Aol &A% column densitys: &% ¥4
¢l fine-strength®t line-widtho)] we} WatA =
o} metA, AR A¥E =& YdsiMEe
250 WfE gss ol dd a7 Yl
A 7NE 2Eg 9o 259 uel vE o] &3t
2%l Adgg Higs £ ded, CO29
9} joll o3 &A=

2o et ol

column density’} ¥ H$
char g, o)A el Ae
el 4= gl

[ COZ] meas — a[ COZ] i+ b[ COZ]i



78 %263 KOSCO SYMPOSIUM +%3%

=[CONaSL{T/SLT,p)+b6S{DS;(T,p]
(7
oJ71 A, ast bE at+b=18 WHEFIE Ao

i, SKT)E 713 259 e
& vepdoh whebA,

line-strength
line-shape function® 4

of nEd CO2¢ s%ol W BANL g3
ol Uetd =+ Ath
[COQ]mwsz[COZ][[a[sz(ﬂ/sl( Tmf)]x

INZ U R TNNVE DI+ a5 T)/S;‘( T,.01%
s Tl 2v(DI] (8)

o] #eoA B 4 9l5ie], CO29 line-strength}
line-widthg 71& 259k o 25dA9 Hz

Deho s, oleld $RNM AFE ex
e AAHY & Ao BT FBY FEAS

Axbald 4 olok

2.1.3 WMS ## ol &

Fig. 2 The Modulation Frequency
Before Absorbing Resonance Frequency

. .
X .
\/fVVL

=
< v
P

Fig. 3 The Modulation Frequency Same
As Absorbing Resonance Frequency

Fig. 4 The Modulation Frequency After
Absorbing Resonance Frequency

Fig. 5 The Absorption Intensity( ;)

Change of Modulation Frequency as a
function of frequency v

& uhel Z}C’] Ay EF5vide 9
°§ & %4‘5} ¥4 25E 71E Az

1'?2 Az epe] Zojol 453 gol A7t it B
A& EFT FTF shiftdvh, WMS 7189 7
%, Fig. 2, 3, 4914 & F Qo] golex ¥
oA F¢ Aol ’H‘TE]\— FyerRg 3
F4 kHze Bz Fa45 dojad, 3 33
o 4 A, 2 gake] WEEA Hed, 9
% g@o] Fig. 5904 R ulg gol AZ e
MzZAIA g 3R HEE HEE
lock-in amplifierel A 53 A3E ZZ3d9 &
g If, 2f =8 AZTE F59 RAMlresidual

—

amplitude modulation), #elx 19 #-S(laser
excess noise) ¥ shot #&3 #& #olAg F

B 14 FEE aHHoz Arste FHE
Azl Fgol FRE AP Fevivd 29
WMS 71 e diides 2 A58 & &
At

31 BE5 JpA 4
tlol o =



A263) KOSCO SYMPOSIUM =¥ 3 79

B4 A AEL 98, Fig. 6914 23y ulg} #
o] reference gas cell Al=&& FA3 ) Cell
o oA e EHRAZI7] Haf Sy EREFe
FAR AE 50mme 1 FH&E 7hA
Quartzg 45 ‘Ztmg R aAAFHen FF Holrt
700 mm<e dAH & A 2549
5ot

w

2 RS Ry

ml.u ol

3, Wl s AFE wEA] s Y Ele] cell WA
B 3kl ot ]}\\_]' gk % A o] =
Micro-manometer? A¢& o] &3lo] ¥ 3y,

pelel o) HZo] "*01?‘1\_ AE WA} 9
g Eqog dividtEt e JEHE {87
s cell Egtel IEF HZE HAEUATG A
Holl AbE-F 7hA1 99999 %o veEdE 7)1F
standard CO,$ purge® N, & Ap&3tsch 1
g A 7o &% AEE Yl celldl T4
HoAcko] R-type A E Al&s8te) 48 & 4
EEIria=

32 tjol2= ol HHEZ Al2H

tolo = gold HAZ AA®e Fig 7004
Wi upgh ol ol dold wAR, FHF A
AR @Yo 3R¥ow wAHT WA

4o S9e AsAA 271 96 A maze

2 A5+ DFB %2 (Distributed Feed-Back)
g AsiHen, ol Fdel Fusiy AU
2?3 Wil 258 §A, AgANASY s E

= 10 kQ thelmlsotrﬂ Faso] tho] 1 o
4 source®] <+5& ZA 3t R ofvle] =z
gato] Rzxlo] WQI 2R FAEHEozcH
MG HAviE g WEe #Had 50 kHz A
Lo Futy H8g AoFv] g A EE i

Fig. 6 Picture of Reference Gas
Cell System

WMS 719 49, o] AEZels ¥ME W
AE WA ERE FR5E dojFo AP
dsieich. ARowi: o Nseknel f FF
Gl 157 ol M Al FAd 20
mW, 1570 nmel ¥ sge A

SM(single mode) type2l 14-pin butterfly the]
2% #HolA sourced AbEstHon, B3 A3
9] A¥(alignment)S 3 7HAE G4dd 5
mW, 635 nm¢ &%3¥ 334 E& 7HA] = pigtailed
typed] element® & £3}%
BAF dARE 3 BE dEe A H 4
% Zi%oﬂ 4013 LA f(optical fiber) 4 &
a0, ol isolator, collimator, coupler,
connector.'i’—_ T+A =21, FC/APC typel 2 o] F
2tk Couplert: isolatorelA 112 wl& 71& 4l
Z(reference signal)9t %3 4 F(transmitted
signal® #7124 F7] 38 A E5ded, o
*3 HUE SR JFA7E dedR o &%
o}, Isolatoriz #* el = #o] 4 source® -
H oAZdxo] FYel o ukal(hack-reflection)ol
#ekst element® WEd7] Yl Ab&sEich
Collimatort= ¥l #HAAH& FAAA 7] 943
collimating lens9} ZHMWEHZ FAEo omn
cell oFctol W18 WwHstn HEslz] Y3l AHgH
9t o171 M, collimating lenst= ©lo] = = Ul ¥ 7}
2% ranslation staged ©] &3] X, Y, Z9
3% W3ko g YAE x=4sta,
i st 25 ke

=

goniometers %
7E WHsEkE Fo] JEA

v

auto-balanced photo-receiver, dual
phase lock-in amplifier, oscilloscope, DAQ *] 2~
dog FARCE Auto-balanced photo-receiver
iz /11— Mo cell A T3 AFE FAlof
yrobiro] WE-2 PD (photo-diode) & %8f &

Fig. 7 Picture of Diode Laser Absorption
Spectroscopy System



80 #1263 KOSCO SYMPOSIUM =3

Fig. 8

Schematic Diagram of
Experimental Set Up
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