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Air Density Measurement in a Narrow Test Section

Using a Laser Absorption Spectroscopy
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Department of Aerospace Engineering, Korea Advanced Institute of Science and Technology

ABSTRACT

In this study, air density in a narrow test section is measured using a laser absorption
spectroscopy system that detects oxygen absorption lines. An absorption line pair at 13156.28
and 13156.62 cm™ are detected. A gas chamber with a height of 40 mm is used as a narrow
test section. A triangular spiral-shaped laser path is applied in the gas chamber to amplify
absorption strength by extending laser beam path length. A well-known logarithm amplifier
and a secondary amplifier are used to electrically amplify absorption signal. An AC-coupling is
applied after the logarithm amplifier for signal saturation prevention and noise suppression.
Procedure of calculating spectral absorbance from output signal is introduced considering the
logarithm amplifier circuit configuration. Air density is determined by fitting the theoretically
calculated spectral absorbance to the measured spectral absorbance. Test conditions with room
temperature and a pressure range of 10~100 kPa are made in a gas chamber using a Bourdon
pressure gauge. It is confirmed that air density in a narrow test section can be measured
within a 16 % error through absorption signal amplification using a triangular spiral-shaped
beam path and a logarithm amplifier.

= =

B AdFAME dxe F59E AEske dolA FF 2% Az="e Agd
el 37 d=rt SAH AT 13156.287 13156.62 cm'oll EAdtE Ao F44d
£ 7= 714 AWt F2 Y 7R ASERIT. dolA Y ARE
ko] F AZIE SFA717] S8 Az A FEe] dolA AR Z1A AW el 7
A LR 2O SF79 23 SE71E MRSt A Alss Ar1Hes FET. 2

(o i
& 1
o >
e
ol

H o3 fe

ox
N
o
ol
>,
&5
1)
o
B
g
b
o
N
12
2
it
Ho
o
>
@)
N
il
o
o
i)
oo
i}
32
£
fu
[
o\
[o I
N
tote
il

tlo

X
oy
2 ik R
ol
o
bt
it
2
o
4
o
fu

Y
ox
it
o
oy

o &
ot
ot
H
-3
2
pi
e
ol
&
ok
N
o
i)
b
L
A
oxl
)
e
v

e o
Feol BAZ @ 21 FE/E AT FF AL
53, 16 %9 @3 olllA F& AP T B WEsk FHW & ol FARY

to rr o ot <1 oy &

Key Words : Laser Absorption Spectroscopy(#|°1# &< £31), Laser Beam Path(#©]* 373 2),
Logarithm Amplifier(£1 %Z7]), Oxygen Gas(4t4: 71A), Density("2 =)

t Received : July 1, 2021 Revised : August 26, 2021 Accepted : September 27, 2021
13 Doctoral Student, 2 Master Student, * Associate Professor

* Corresponding author, E-mail : gisu82@kaist.ac.kr

© 2021 The Korean Society for Aeronautical and Space Sciences



894 s - AN - ABF - WTF SRS LT K|
.M = NA FeAe Y 2 AZE SAHIG ol A7t
At 71AE THE W HolA FF The
TI—]—%" 7}_% B]]O]?ﬂ _—;c_g’\_ Tr‘:_]‘ (Tunable Diode Eq 13"} %8_ Beer’s law% %_H M}%E}HO]
Laser Absorption Spectroscop TDLAS Bl
ol A= A p7]z-]]o]]p%._1,]./\]?:] y7] ]],]} Aﬂj Uol]: 1) =L, (w)expl—k(v)L] (1)
3 s =4 StAdo g HA
o ew, e, 4 B8 ASTE 71@01;&]. o E”[Cgl]f A o r(Wavenumben, &
TDLAS 7] 2o MhEAoE en WE Ez = O NNAE FHe7] A delAe BF, 1= AT
Chorat o E@% 2xe 2 gomm wi wg FE, kW[em e F5E FF AT L[cm](_)
Aol w9 A 4% e v Agadus, QS Aol BAE dolelck A §
SIS A A TOLAS S8 Age W T ATH FAZ AUE F@ de FAUS A
l\_:: ﬂ'_/:\_oﬂ EH_@' _—g__/':)‘\‘% %@%PE}. '5]—X]‘i'l' 151(.% /1‘1' Haﬂ :g‘ﬂ ‘:(Absorbance)olfq Eq 29]' ZELO] E%%E}
49 %#@ A= 3 Al W AL she At (V) = k(W) L= S(T)®() PXL %)
el o3 SAHE FFd AV o+ Ao
[‘4] u:—s]' H]ﬁg;q]oﬂ tﬂfa}_lﬂ‘]‘% ‘I'I’i LHEZ] i‘ﬂO]X-] ;ﬂ. ]Em ( )[CmiQatmil]“‘E 7];‘(1] ,9_1: T[K]Oﬂ/ﬂ _1;_|£_
d Azl Aok gob Fgaddel AE FE T 8l g sano M ol em]E Hed o, P
o HE F2 A T2 WAME S g [atm]&= 71A9] &8 T8la x& A 71 W &
Z4st7] f8 FA= Aol #F Jlwold FHA qa AAle] BE ot Hes s Ex w
NB FE 7)o Basih g o s1Ale] gE gl A =4
BAE dol FEFLE A¥kA](Retroreflector) S At ol EASS F4alel C_)La == sel % A%
s3le] WD PH PARE FASE WAl ga o) TAHE AE 2AAG Jloig. 4% age 7]
poltasl oA BAZE #& 24 A% g5 ) TN DEEA @ SE SR 1A L7
o tel Jlgel AN A deldst guspe go 01 FEA SAs) AU QA9 o=
NE e 528 538 wet o] fid gy & o=t G¥H 25 AR 36 sjefsiag £ A%
Fol BaE wE GHo] AV} oRAE wge) ¥ EIE LT EPSe Voigt Z2adel I3
ZA3T. FT2M NE ZE sz Ae zg =z 29U Voigt Z2HAL 59 49| depolth
718 ¥-83 Direct absorption spectroscopy(DAS)Y Am el FRES JIAY 2= 54 dd
2f-Wavelength modulation spectroscopy(WMS) 52 shetgel el diek fpelth s 7 Hol A&
71%o] ZARNHeI]. o F =1 ZETJ|E gy AT FT EF IS T deE FREE SF
DAS[6-8]% 2f-WMsell Hlsl HlmA zigrgk glojx 3L °lF olEA dAsH FH=eh A sEs
2E @ 3z AL ANITE As =Zo] s}y oF =EEC] uAE A A 2x9 4E
A s}, o] A4E & Utk o)A FHEAAe T 42
B AZgAME Fo g2 Yo 2y ur =xo AE VA 259 kYo wREH WUt ALtEh
AR AolA F5 BF A2dE 7HL A 00 4 MA
e Arelel F7 W Akl FFAE AEE ¥
7] MEs =A59ch FA2 do] ZES 93 A B AT 8719 ExE SAs] 98 s
7} UM mare] golA #AZs pAEQc = JFSFE W J1A EAR AYEd 12987~13175
ZE7)9%} 23 22718 A8 F4UE FEapg  om el AF dAdE kel FA W= A
b AC AZYE AlLsle] s Z3E Bxsn »  BandZb SAFGIL12] & AFolA= A Band W
o|2E o EYth =1 ZEy)o] EMS Agstd oA Ted 22 V|EoR FeAe AAsA
249 NEERE B48 FFEI Asdgeizion, A, 2 ATelA A8 HoAE FeelA TF
Jexow Add FPEe) A RFL B3 rle] T W A shd M9 13140-13158 em’ ol
dwrh 2AEUG =Y AC AEY 24 FFr)e]  EASE A Band FFAF] 1AH o2 AEAIG.
exo) W2 2y UE =3 o3y} AXHYCT =4, el FrAde FAHs] Wil e
A %—’F”«l AN A} Feas 23R oz AE
s Haol Ak FAe A7 7]%% oA A=
1 E'”OIx'l = 1T oA S(TO)QI Zrol 1%10%* cm2atm™ o) Atolth HA 7=

2.1 |28 uj &

TDLAS 7|&2 Azt whe} oA 345 W3t

% EA zow B
AR, AR %
A au@ e FF

10718 F4o] AE= T
dolAel g 7w wsl el
He BFSA 3 Aol F



H 49 # A 11 =, 2021. 11.

HolA & E3ME AHR

A 73 Y 895

ol

7] ig 2

o
rlo
[\
o

e FrAEel deHoc. ¥ ATolA AEE DFB
Z]

dol A AFol| 3t v 7} W= 0.1 em? ©]
o] BE 13156.287 13156.62 cm™ o]l &A= FF
A g o] &4 FHAE HF AAFAUL

H
= II'c>|-

o ¢ 7=
2.3.1 #o|N EF & Zd| A|AH
Figure 12 &2 74 AHEH #o]A
Al2"lE BoEn o)A FF 233 A= A
o)A 2 F5 A2HI golHE w= %L/g_]/q =i
23 FZ7) =, F3A 283 ANFE A S
e VA AW E FAET

34 7t golAel= ol& FE3tr] Hg #HolA
Sgtoly g} 5 Aojrrt A= ot ¢ A
718 AH83ke #olA 3 7hH mhgo] A E AT
g o] X = Toptica Eagleyard AF¢] DFB(Distributed
feedback) #olA 7} AHEE T #lo]A =elo]w g}
2% Ao}7]= Cosmotec AbollA AA = A2 =
ot g4 BA7IE GW Instek AFe] MFG-2230M &
do] ALE-E ST
HxZgE e F3E 59
= dolAe HF HEo wl HhAbEo]
%ﬂ'@ 2= ﬂOUi O]X-]‘S‘]- j:]i’J— /\'LE_J—
Y3l Ay Hgo] HolA o] HX =
dol A3 WaEFgHel 93] yr o Reference %
A A9} Sample FAMM=Z 74zt &slA Hrh Sample
FAAR gl FHolAs 1A AWHE AAY =4
g 71AE Stk AHEE #ol ATy ThAIE 9
o &3}7] Wil 7FAIZ HAo] e AEE
Aol FAATE ALEE AT 5 Fol ok
HAigslr] el dHolAE 23S BE FHA
S & A WRd AXEHSW, band-pass
filter7} # o)A FHE Aol HAXEATE Band-pass
filter= 780 nm<| T4 343 50 nme FWHME 7}
EdR=

Reference FAlA 9} Sample FAlA A E=H 3
A F(Photocurrent)= 221 FTE7] 322 A7FHS

s34 s

[o2

F

.‘
»
of
ook

|
fr
& go P

0 21 %7 Szt T BAAGA A9 B4
Fo wlo] 21 #4E FHsto 2T

Function
generator

v

Laser driver
Temperature | DF|H|B Eassr

controller

Gas chamber

=f==|inear polarizer
== Band-pass filter
== Band-pass filter

¥ Beam splitter

Sample
detector

Log-ratio
amplifier circuit

Reference
detector

Fig. 1. Laser absorption spectroscopy system

using a logarithm amplifier

2.3.2 otz Jte g ol A

DFB #o|A = &0 o5 = 97 71l 7153
o, QA7lEE ARl o e w shol sHsd
oH13]. & ATl AHgdE HolAe &=d o I
b sk ARl <% By bR 433
g7l g FF4es A A% 3 UL
YA AFel g WAl AgHUT. HolA £
E odeld s b dst 24 F5A @ 4
EPd F UES dAHNeH, & Ao =
ALg35te] A vz X5t

?:‘F A 71 A Rampd 89| 5 kHzel F34

M AB7h AAEen, dolA Seelw 3
275U 4 3 Fohrw AolAE TN
g 7hAe] @ F7]9] Zol= 200 psold, AF Al
717} A% B E

233 21 ZE7|

Figure 2= 21 $%7] 32 FAEE HAETh
21 FZ7) 2= 21 FZ7], 23 £Z7], 19
i 2O FE7)9 23 FE7] Aole] AC AEH S
s AMAEZE FAHAEY. 2O FF7] J2oA=
22 ZE7|E AR A Az} 23 FEJ]E AN
T A5rt 2495, ol UAY LARAIZTE F
d A4FHST. gAY AR AFxo ANE
+ 20 MSample/s°oltt. #lo]A 27 7}w 9
W Heolg EZJAE JNFE 4,00070 o) th.

21 FZ7]F Analog Devices At AD8305 23
o] ArEHAY. I FF7]o= Sample FAlA L}
Reference FA A7} HHbek vlojo]jx~ AHEE X 5

-

4"
bt o

o ol |
N

o] glom, TG FAFI/ B FF7d dHA
o 277 ZEJE opdzg WAooz Ey T oA
7o ngOﬂ 27 Hstd AA 71] o wia ==

st EEHIT. =2 FF7]|0NA
33 o] FAATH14].

0}
v Glogy—" €)

log,dc =G 10 i
ref

ol ViolVIE 1 SF710A4 44 ,
< 2 FE719 A9, lﬂ-l— Tgamp 2t el MA]E A

o
£
o
=
o
o
<
Sample signal = Log-ratio "
o ] 27 Amplifier
Reference signal =p»| _ amplifier .
DC coupling  JAC coupling
signal signal

Digital Oscilloscope

Fig. 2. Logarithm amplifier circuit block diagram



[e0)
O
(o)}
el
e

& BAL -

Z} Sample 5'4"&/‘19]- Reference FAlA] ZXE
2 FEI7A4 93

>
for >

e
ey
2 oM rr i

AR EE %311 C 7AEPe] H & 9=
279 23 2Z712 99 24 FE/E A
Ze® A5 Eq 49 2o EAAT

l()gdc G2 Glloglo ’L + V:)ff's(,t (4)

ref

oMl Vo [VIE 27 %%71011 A 289 A, G,
wlVIE ‘

T 22k %719 A, 181 & AC A=
Foll ofs] dAGd Mt Wl 46 %k Itk Eq. 4=
45 Aeste Eq. 53 #o] xdE & Atk
Viegae =G (5)
Ge 2O SE719 273 SF7] ALY gtk =
g Aol EAEHYE W, VS 58 AL F
b AFE MR £ V] wwed 23 FF719 Al
A Fa R ¢ 0,2 HERE = ok
FAAE AL vtojoj2rt Y EETO| L Eo]
o, FARFE FFol wHIh ©debA, Eq. 55 Eq.
637 2ol Uetold 4 Utk
Viegae =G (6)

[Samp 9’} Lef 7_' "

Sample 3414 ¢} Reference 3

AA S AR 1 ol eIt L% L% A
o7t AM Ve AEZF 0 VellA ZA Blojud 23}
FZ7% %9 Tﬂ FE A As 2 AEst 8
AY 5 . ol & WA A9 21 FF7) 29
N} 27 FE7) Aol AC AEFol HgHUTh
[6,7].
n. 371 2= £3

3.1 Al &

3.1.1 7|A ®u

Figure 32 7|4 AW AR NBF=E BAE
ok 71A AW e ASHAY FeEolH, 40 mme =
ol 7zt Z1A AW W ZAe ¢HE 2H3)
3 IF Hxof WER] AAHAY. WF dHE&
53 ¢ggo=r HdAsr] s FE2E AHAN A
HAdg UFE 2= K B¢ A& ALsld =
AEAJTh 714 AW stdol= #HolA7E 714 AW
E #AFTY F IEF Agolo] AHe] FEFHo] A
A= QT #HolAE &g ZE FFA= 714 AW
QO] g2 F Ao A =EHATH

AN

l=

Bourdon Vacuum pump
Pressure gauge Vent line

/ u O Gas chamber
7 l Bourdon Mirror

%Vacuum pump
s> Vet line
/a \

Mirror
Sample

Mirror,
detector

Laser and optics

Fig. 3. Picture and schematic of the gas chamber

312 Bold 2d=

HolAE Fig 3olA BeAE 242t Yo Fez
71 AW E ARG A Ul FEje] EolA 3
BE 7L A Z1A AW o] A 3
Aeol AAHAoH, 71A AW 9ol 0== 73"\?
A HH As 287 AAHAH oA = 5 AA
AL UL WA % P T3 /1A
A ol ARTE F A% WAALA WAL W

ol

I‘_EL

o Bekge Ea AME WYLt o F wow
AN Aol whALE o] shke] A B B

25 TARH. AMAE BAEE 013131 w551
AU FElE 83 & HFHoRE 7)A A
9] 79] Sample FAAM ] =2dth AP 7NAE 53
st dlolA B =] F dol= 277 mmeolt.

A Ul FEe dolAd 3AREE ded 2e

AAHe 7R

AA, F2 T A=
2 o8 | A 7AE
o7} TiE T

=4, 714 A WEolA o)At 44 A4=E
FAT A2 Adstr] ool 71A Ao SH A
Te =2

AE BN A ¥
2Fa) qRol 3

I‘E

Fol X HEol ZAT W F EE
B STk olE B Fe KL U A% 34
1:11 Zéi]:

& 40 282 Ao
A, Fepol AARA el A7

edexzzE o Y 21 37 9 A
S AR wWE At Aotk FAHE ASE o
B2 ¥ wwshy] Hal 2SS AZelA o
T2, AZ5E Aol FREE MUY



H 49 # A 11 =, 2021. 11.

897

N
rlo
>
)
—
[N
=
ofd
N
=S
[l
[N
o2

3.2.1 Alzholl wE 2OlA

bl ohE v Wss 29

1‘
mln
Mo
= >
g—!—’
SRS
°°—|—'
£
gg
Qo
i o A
N 3o
(@}
3 £
o
o, ol
N
N
:’é
o% X ol i ofy
o mx

> o0

Figure 4= A& 7|A¢ "o
d u, 21 FZ7]NA AC Az
HE 25E HoFET Fig 3 WE 1 ojx
oA = Al AW W] AlF AR ofy
fﬂ *F% Fetel V1= FHsty] Wi &
Ag 1A QR 7] A o
Epdth mEta] AlE 7)Ao
} 1 9 25 7)Aol 2g FA
A& B3 AA3 A
lﬁé. 1A 97 AAe F4E
q. 7% 8% yERd & ATH5].

=
r?LE

m=
¢
lr _L L

= 7-]0(”)7_ eiutest(")eio‘om(’/) (7)

optic

o~

L) = (=17, () ®)

O]UH re
oA Fo] AXe B B FEESY THEAE, o
= A 7149 F3E 3283 o, 94# 714 ¢
R = ! Tapm% ol E Eq. 99 22
T 7 AeE F AUtk

2 Sample H|

WageEe Fag, 7
)

opm
-3

r—1

03 N TToptlc (9)

Ast9 Eq 107 2tk

I/Iog,ac(l/) =G

Eq. 7, 8, 98§ Eq. 6°
(10)

Al Z1A7F AR FE AV, logdC‘— Eq. 112}
kool ¢, ve ke b sl

V(r),logﬁac(y) =G (11)

AP A AR e Fh 2E EPE F

g BV, )04 % FlAe Fo4u =AY we)

AE(V)gae) B 718 AR Z1A1 8] JFaoll 9%
=9 2358 =359 Eq. 129 #Zoh

I/log.ac - I/ll,log,ac = G (12)

0.6

0.4

0.2

0.0

-0.2

Raw signal, 7, , [V]

04

-0.6

-08 |

-1.0
13156.1 13156.2 13156.3 13156.4 13156.5 13156.6 13156.7 13156.8

Wavenumber, v [cm™]

Fig. 4. Measured total absorption signal(Red) and
external gas absorption signal(Black)

A ZIA Foll o3 &9 AsE A 7AY
FH=o sl AstA Eq 139 2t
( Kng. ac Vn.lug.uc 7A('Yarbi
alest(V): —1nl10 “ (13)

Figure 4014 HAA &= Al 71A7F EA8HA &5
el 21 X7 &8 235E FAHs AE 1A
7F EAE wjo] Az wH Eq. 1394 HH A

A e FFEs)t AMEG AC ASH Y 23 FE)
= Ax =99 A5 A AY 7A ¢t u}
2 E54 moo] wglatel ¢ 7ol WEE F glo
22 AC, ]— 00] o}d 2= 9t} s)Ae] Wi FF
7} A3 %’2% s o o o) A] Vmgmﬂ Vosogac ® A
AN o Ac,7F AdE 5 ok =70 o -
GolAE A BB F47h A Qo e
W Eo) o] 5 o] gate] AC,, & Atagnt

33 27| U5 =5

3.3.1 ool 2 s4M &H

1A A W F7] %E%—' *&%gi FARAZ A
F719 ¢4¥e WA HAoE 7A AW LHT
o =& WHIAZAHY. 10 kPal"%Ei 100 kPaZ7FA 1
kPa T Z UFo] F 1079 Ay =4& A@*éﬁ}%i
oz Ad 4ol o4E *W—% HEE oteA)
£ AHgste] FE AT 714 % 714 <+
HS 0 kPal 2 THE F 1, 7} A= oy, 7
A gHFE W3t riy Vlogac
FE= =4 Al

mlm 2

TRE vas ‘2;114.



N
ol
J
=
N
Y
Ot
Hi
oot
oK
Ho
-
Jot
ot
Ral

898 ARE - AAL -
332 37 2x &

4" v FREC olgH o Atd vl
FREE A FFFoEHA TV AEE ASSHAT
A gEL 3 7] W 2E ElolE ZRIE dis) =
e sl FRES AdbE g FFE Abo] 9
Bt Al BA7E Harb @ d7bA Eq. 29 4

degte WA FPHAG. A DEL 5o
AAR egtst AN AR Feo] LERe
Argstel Wl ZAgtol AHAT AY A
ME 2. e REE FEAS Agste] 47
A 1A A U LER(p,.)T B TH AT

V. 2T B
41 4ol g Fd £ 21

Figure 5= AIE 7]A19] 48 Wslo] wt& =271 F
Z719} 224 SE719 29 A2 4 2HE N F

719l AIZE HeoTE HoFEh JtEEE AteZ,
F719] NAHE 002 AAFFAT. AF 71Ae &
5+ 298 RKe®E FAEHAUT oF 659 140 pus A
A 247 13156.629F 13156.28 cmte] T4E JIAE=

FrAEY] AV FAEAT ol F4E o &
T M7t AF 5 FTlske A= #EEHATH
0.04
(a)
0.03
E, 0.02
e 0.01
=
2 000
2
©
& g0t
-0.02 H
PP ] e T T SN S S T
0 20 40 60 80 100 120 140 160 180 200
Time, 1 [us]
1.0

(b)

Raw signal, V., .. [V]

"0 20 40 60 80 100 120
Time, 7 [us]

140 160 180 200

Fig. 5. Measured signal at different test gas
pressures, (a) Logarithm amplifier,
(b) Secondary amplifier

B

0
5 = Measuremant Measutement
z Pair,set 10 kPa Voigt calculation 60 kPa s
% 0002 Vogt fitting 3 Vg MM“"“"F ihon
3
£
Eow / / ‘
2 I \ [\ N
: / \ /\ \ /\
T e a o g B
£
&
o001
BT BT T3 TeRs TIeaE T ET s

WA .""'““\'r‘-‘.'.v‘-..

5 01
e A\ 2

] Fv Ay /Y%
VT DIE 100 NIM4 DM6S D166 M7 D16

Wavenumbar, vfem'] Wavenumber, vfem']

o0 0008
Moasurement Measuremant
= |20kPa st | s TOKP2 e
3 9000 Voigt fitting A Voigt fitting
¥ ] \
£ oooz f
E \ A
s I
2 000 | / J \ \
2 X / \
= -~ -l - b 4 / \,
3 0000 f—— - — % — Mot biee® =1
g . -
2
&
a0 aom
131887 11882 11565 114 131085 116 191467 13168 DU 131862 1163 1164 131508 13190 1167 1188
3 o 3 ot
|
§ ome f st e s bV | § om0 |"r'i‘wu"ﬂvwﬂ“'\'r'-'..‘.".“‘”.,-\‘,\J.W bt
% .00 0001
31 11562 131503 191664 13185 I8 AT 13188 I 3152 19603 13154 1063 D16 VT DIAS
Wavenumber, vfom'] Wavenumber, v fom”)
30 kP el P LT
easureme: Measurement
Z g0 a Voigt caiculation ol 1) @ Vot caloutation
& =
g Vogl fitting % oo Voigt ftting
5 000
] 3
£ § oom
g (1] \ g
£ {\ 2 0o
= goo
= B omn
2 e it e u 3
g ome £ som
@ @
a0 Qom
1S3 131582 131503 1DIG6A 131688 NS0 T 11568 VT DVE 1IR3 VA A5 118 VAT D188
= 0001 5 0001
3
3 0000 ‘é 0000
& 001 5001

S
5
]
g
B3
H [\
£
= o001 / \
Toacepet e 7 o
-4
@
0001 a0m
131561 11562 19003 131564 131085 131000 1T 131508 THHT 1562 12150 1NN IS 1IN0 NT e
5 0001 3 0%
3 " I | A AL ” AP 4
g““" WA Ay A A e AN AN Whalal
2001 & .90m
VI 1162 143 D10e 13188 8 T 131564 W E M3 R4 315 110 ET 148
Wavenumbaer, viom'| Wavenumber, vfom”)
0008 0000
Moasurement Measurement
Z oo 50 kPa Voigt caleulation | = 100 kPa Voigt calculaton
= Voigt fitling Y Voigt ltting
% oo e \
g I\ {\
5 0000 I\ . \ A
£ | / \ \
g oo /X \ /'y
8 / \ / \
- 5% /\
B A S _ - it i
S oo
&
2001 o0
TS VAT 13 1We 1EE 6 DT 1DIes VI VeI 10 1NMe V63 110 T D188
§ oo k 5 0001
¥ A 8 P .
gwx}ﬂ Ao PN N g™ b J jue Tk ad RV R e 4
= 900 a0

A1 THMI 11MD 1144 D15 11K 11T 1168
Wiavenumber, v [em”)

TMMT 131563 13003 131564 131865 ISE0 11567 131568
Wavenumber, v[om"]

Fig. 6. Measured and theoretical calculated
spectral absorbance according to pressure
FFA FH FY oF 20~40 ps E 170~190 us
ol A= steo] F7tghel wet F47t At AS

o wol7h 4 WolAol @tk 21 FE7] &9 4
BV, 08 S8l 2713 wet 44 79 99
o A& ol7h HA wobdo] HHHAOU AC A
3ol A8 23 $F7 28 AB(V, )b 9
of F7hgel wek A5 Eol7h Eolyth ol 2%
227 29 W59 A9 Y geb T4 =Y
of Walstel C,, dkol WETAY] Wolth el
Wb C, gkl Wk Zlo] SlHons Ac,
b mE ke 2ol vsl 27 AEHn.

A 2o Uid olzo AMZE BHAIIS
W 277 FZ7] &8 4350 Hs] AC AZHo] A



49 & HM 112, 2021 1. #HolA FF B AL F& A9 #0 U 37] U= 24 899
%% 2} %%7] %a /‘\—E ]H/] 1—017\7]‘ iﬂ_ﬂ‘é‘] 10 —=— Logarithm amp. signal
17%'8‘ 7;\10] é:—-]'?_]ﬂ 211:]- 2-]’ —y7]7]’ 1:’_]"1{"_\“ %%7]?_] —0—2ndamp.withACcoupIingsignal
He 1HsYe W AC AZY ATWAEHE HE7F or
oz A A EpHR o] FEEAT = sl
Figure 62 22 $%7] 29 S22 =9 9 %
THE F3E S, olBEHo = AL v F% §4o-
= O8a o2 o R ALHE FHEE SAHE ol [
A orEg Ads B Zth =3 o2xoz Astd 8 2t
g FFEe S Aol ZAK(Residual)7t Al
AbEo] Z} Oz tde] Zo] HAZTh BE AY T
Z1A1 el 48 A5-Eo A3 3849 - FEEV) 55 i ; s ; ; i
ALE g5 3= RSt Aol FRIFATH 00 02 SOS dOAG't 08 K 1/‘03] 24
etting density, py.q o [ka/m
42 27| 9z =X Zyl
e == 7 Fig. 8. Density measurement error results from
Figure 72 ©|2-43% 1t A #EF& B3 =44 the output signal of the logarithm
AlE Z1AY I 2AHZES Y 7)A A gd™Hoe amplifier and the secondary amplifier
2HY AEE Ux AT Had AE RoAEH ozt wWrAIAZ S 9o WE Ao WA= FH
== z;gﬂ-o] ax Az ;(é‘ﬁ*] ?___]-]:j_], w U= A= 3201“0Mv— ; 2= , o)\]-om_l o
P 5 xare| o o 012 kg/m’ ©]3te]t} 0.3 kg/m’ °]%e] F7] 4
—‘:I‘O%)\ET:Flg~7LHoﬂ}\.1 Y =X Aol =<l T A = = NE = o o o
AC 7']E0-/] H]H’]— == =70 o= EEZ_] A _Q_EJ/\ (@)
374_7-(]_:‘ o) = /H o= = 3L =8 AB LHOﬂk] EQ_ % }”_‘ E—]]Oﬂ A]’ 1\}\ ] 33:1]'11
0}7] ‘l’]H il 7<'ET’_‘ =27 0—17] =Y ‘__:§_9,]— o1 . Py
22 FH7] 29 Ao 22 FEAT. A4F A [ - B o Mo = o
ony =2 =Es] =g A3 1 =] o g 2} J%th}%l “H To U= =4 3
‘T‘i, 0—17] =T ‘_EQ]- 2% 0‘-v7] = 2o F3 o HIlc=
/\]_EHE /\].%-Q 217k o ‘Q‘: =710 _ pe S ‘E‘o 7]’ ] :TLO]'—L T 0 I~= 7]’
2R 428 474 U A3 LS Y =X A A, Cﬂﬁao] Aew 23 2Zy] 29 s
o ZA HoluA &e Aol FAHJULE olE Fal — A _
= = 23 71 ] 31 21 FE7] 29 As 9¥ 24 xolz A77r &
gkt e mE UE A 2 A% A3 o} wo mc AT A 16 %o o
_ = = AT 2= (g
AEEel GO wAwE weAw SO i i iy
Figure 82 21 F%7] &9 4lset 23 F3F7]
=9 Js2RY 4EE 4 SAHHUES 2= A v z# =
g Aol exE HojFEth AC AEPol #HgHA = =
R 2O FEZ7] 29 AsdA 4Ed 2= S
o o wg AF FANAH = 032 Kotk ot B dAFoAAe dolA FF &3 A="S 753
e A% FAqAE AE A Fe Ayt e A F& AP 7 U 7] 2EE SASAT oF
S AtA FEAS HESH] H8 A LM_ 2 &
il [ — AR AEES T3 oA 8 dolE AR,
—a— Logarithm amp. signal #7 271 %%7]9)‘. 2‘]_ 4 ]‘:—‘ /\]-%—o]-oq _’g_‘{’:‘j A&
& 12 [l—e—2nd amp. with AC coupling signal . = = aod Al oo
%, E SEYET. A EA9 760 nm I d19 9
= 1or T4 AE7F SAHJY. 2O FF7] ASE2HEH
:“ a8k B FREE ALSE Wl AEAY. Z1A
i AW E ALESY A3 10~100 kPa2l &8 HAE
§ 06 A= A 71A 84 E AT A Z1A oA
S ol o B4 FRE=7F 2HHU M, Voigt T2
§ g A" Il FREE A 2EFS UER
02 S SA3y A" d=EA v E A
00 < ; , : \ . 4 Ay, U A4S 9= AAHA Hdl 16 %
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 H-ﬂ«?—] E_ %li]'sl'(ﬁ‘:]' i:l %£7] 1:1:}_—_ AC

Setting density, i o [ka/m?]

Fig. 7. Air density measurement results from the
output signal of the logarithm amplifier
and the secondary amplifier

s
=

(9 for i M jo
folo ol 2k >
f
oz
2

AC AZHE &39S HH %#*d ﬁ
o2 A 9 HE A HEx o] F
Aok A A Y FAHE L 20 S2FE



17
2
)
P
o

SYToFK

dTe TAANEAR Atet SR EATAY
=% qA71e(E8AT) Al o7 dH] A
ol i E A9 (No. UC190056CD).

o rx

References

1) Mihalcea, R. M., Baer, D. S. and Hanson R.
K., “Diode Laser Sensor for Measurements of CO,
CO, and CH,; in Combustion Flows,” Applied
Optics, Vol. 36, No. 33, 1997, pp. 8745~8752.

2) Liu, J. T. C., Rieker, G. B., Jeffries, J. B,
Gruber, M. R., Carter, C. D., Mathur, T.
Hanson, R. K., “Near-Infrared Diode
Absorption Diagnostics for Temperature and Water

and
Laser

Vapor in a Scramjet Combustor,” Applied Optics,
Vol. 44, No. 31, 2005, pp. 6701~6711.

3) Sun, K., Sur, R, Chao, X. Jeffries, ]J. B,
Hanson, R. K, Pummill, R. J. and Whitty, K. ],
“TDL Absorption Sensors for Gas Temperature and
Concentrations in a High-Pressure Entrained-Flow
Coal Gasifier,” Proceeding of The Combustion
Institute June 2012, pp. 3593~3601.

4) O’Byrne, S., S. W, Krishna, Y,
Rodriguez, C., Aizengendler, M. and Davies, ].,

Kurtz,

“Diode Laser Sensor for Scramjet Inlets: Final Year
Report,” University of New South Wales, Australian
Defence Force Academy Rept, AOARD-10-4075,
Kensington, NSW, Australia, July 2011.

5) Kurtz, ], Aizengendler, M., Krishna, Y,
Walsh, P. and O’Byrne, S., “Rugged, Scramjet Inlet
Temperature and Velocity Sensor: Design and
Ground Test,” AIAA journal, Vol. 54, No. 2, 2016,
pp. 399~407.

6) So, S, Yoo, M. Maeng, S. and Lee, C,
“Study on O, Concentration Measurement in High
Temperature Furnace Using Tunable Diode Laser
Absorption Spectroscopy,” The Korean Society of
Energy & C(limate Change Vol. 12, No. 2, 2017, pp.
115~125.

7) Kurtz, ], Aizengendler, M., Krishna, Y.,
Walsh, P., Brown, M. and O’Byrne, S., “Subsonic
In-Flight Temperature and Pressure Measurements
Using a Scramjet Inlet Flow Sensor,” AIAA Journal,
Vol. 54, No. 3, 2016, pp. 1007~1013.

8) Krishna, Y., O'Byrne, S. and Kurtz, J. ],
“Baseline Correction for Stray Light in Log-ratio
Diode Laser Absorption Measurements,” Applied
Optics, Vol. 53, No. 19, 2014, pp. 4128~4135.

9) Philippe, L. C. and Hanson, R. K., “Laser
Diode
Simultaneous Measurement of Temperature, Pressure,

Wavelength-modulation Spectroscopy  for
and Velocity in Shock-heated Oxygen Flows,”
Applied Optics, Vol. 32, No. 30, 1993, pp. 6090~6103.

10) Hanson, R. K., Spearrin, R. M. and Golden-
stein, C. S., Spectroscopy and Optical Diagnostics for
Gases, 1 Ed., Springer, NewYork, 2015, pp. 131~
141.

11) Ritter, K. J. and Wilkerson T. D., “High-
Resolution Spectroscopy of the Oxygen A Band,”
Journal of Molecular Spectroscopy, Vol. 121, No. 1,
1987, pp. 1~19.

12) Brown, L. R. and Plymate, C., “Experimental
Line Parameters of the Oxygen A Band at 760
nm,” Journal of Molecular Spectroscopy, Vol. 199, No.
2, 2000, pp. 166~179.

13) Weldon, V., O’Gorman, J., Pérez-Camacho, J.
J., McDonald, D., Hegarty, ]J.,, Connolly, J. C,
Morris, N. A., Martinelli, R. U. and Abeles, ]J. H,,
“Laser Diode Based Oxygen Sensing: A Comparison
of VCSEL and DFB Laser Diodes Emitting in the
762 nm region,” Infrared Physics & Technology, Vol.
38, No. 6, 1997, pp. 325~329.

14) “100 dB Range Logarithmic Converter
ADS8305 Data Sheet,” Analog Devices, Inc., 2017.



