Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

ETRKBHBRRNSESERARENET Z

Rz FRF AR ¥ AR AR ERE B4h 0 Wt

Temperature measurement method of high temperature and high pressure flow field based on wavelength
modulation spectroscopy technology

Zhang Bu-Qiang  Xu Zhen-Yu LiuJian-Guo Yaolu RuanJun HulJia-Yi Xia Hui-Hui  Nie Wei
Yuan Feng  Kan Rui-Feng

5| H{5 B, Citation: Acta Physica Sinica, 68, 233301 (2019) DOI: 10.7498/aps.68.20190515

TELR T2 View online: https://doi.org/10.7498/aps.68.20190515

MHH PN ZS View table of contents: http://wulixb.iphy.ac.cn

BT BN B HA S FE

Articles you may be interested in

FT e 5 R AR [R50 A IO G I 8 75 7k
Laser intensity and absorbance measurements by tunable diode laser absorption spectroscopy based on non-line fitting algorithm

YIBR2E4. 2018, 67(5): 057801 hitps://doi.org/10.7498/aps.67.20171905

ARABCHOE IR (O BO TSR A = WA B0 T 1L H]
Phase sensitive chirped laser dispersion spectroscopy under high absorbance conditions

YIBR2EA. 2017, 66(12): 120601 https://doi.org/10.7498/aps.66.120601

—hHE T X R AEA IERBAR
Photoacoustic temperature measurement based on dual-wavelength method

PB4, 2017, 66(11): 117802 hitps://doi.org/10.7498/aps.66.117802


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190515
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20171905
https://doi.org/10.7498/aps.66.120601
https://doi.org/10.7498/aps.66.117802

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019)

233301

ETHRKAFSEARNSESERZEENETE

KEEYD FRFY xEEY KREY KRV At
HFEBED  FHVD ZIEVD Y

1) (PEREEBEA IR BR R TR, EROCEF AN ST, REOLF SEARE M E, AL 230031)
2) ((PEPBEEHARRS:, G 230026)
3) (MEBRPER KA R B PRSP 5T, K4 130033)
(2019 4F 4 1 9 HYH; 2019 4E 9 A 7 HULEIE M)

TR A R BEACR I B B Rz — IR E A I X Tl R ik AR A T B v HE 5 A & Sh LR 2512
SRR BT HERE S AT R SRRSO T AR S — AR R AR R LA R Y IR AE P, RIS
PO | ALK, A SCRE T HyO 7E 7185.6, 6807.8 LA K 7444.35/37 em ! = MR R SR R S8, = HOG

it oy S T3 2, BRI B, B0 BR A 5

B 1R —Ak 2f (55 BRI A I, i B AR S

o 0 2 ) S 5 5 S Y SR R AR A AT 5 5, SE BT LR D Sl LR R T 3R R A v 0,
FRGWEE 5> BE/N T 1 ms, S5 e 0 o Y EE R KR 5 A) 3] 1512 K AT 10.58 atm (1 atm = 1.013 x 10° Pa), i it
WRZE/NT 5.68%, Bk 1% 1 75 v A 92 HIME RN R G i AR e 1k

KR WHOLIE, PR, mild e R, MBS

PACS: 33.20.Ea, 42.62.F1i, 42.55.Px

1 g

A BRI F AT AL A WA RH A AR Y SR A2 1 v T
R REIR R G0 (MU BRI | Y B R
RENPLEE) WL RE, T e i Py Bt 72
T 2 H I B2 WA IR EE L 7 i 5
B it 40 ZAEMR R, T AT IIE R AR
Ji% (tunable diode laser absorption spectroscopy,
TDLAS) UL AR T i HTEZ M REIR &
G bR i, A Tl s ) 200 RAERAL -0
PURBIL B0-120 o e e Sl AL 115101 B Rt (47— 19
& RO GHE 5 B0t W B AP 12 i 2 T i B
Z PRI, AW S E LIRS | DG % | AR
WHBAFEAR K | A5 T LA B e T o e i R i 4 e

il

* EFE SR AES: 2016YFC0201104) ¥E B AL

t BIEYE#E. E-mail: kanruifeng@aiofm.ac.cn
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190515

i A E 5 1201,

TDLAS HARTPAEHEIRIL (direct absorption,
DA) F1 % & 8 il )6 3% (wavelength modulation
spectroscopy, WMS) BiFhEE A, M T w401 I A
X EE AR NS AR SRR, PR AR AR
AT X L s R R Bk R . AR SRR
B E B Y 2 — H,0 15 R Hsar+, s
O B M AE 7185.6, 6807.8 DL K 7444.35/37 cm !
FRHIT B = Z5 W2k, FIFH TDLAS AR 5 F/Nilfk
MRS —E RS W RS, IR adE e
WA M 1392, 1469 A1 1343 nm = HiEOEHR,
it FIET 43 2 R, SOGAS T A B8 145 951 4 0 o
R 1.1 kHz, @ 4E LGRSy 322 kHz, F
U 1 15 —Ak 2f 55 FLHz 5 WSO RIS 21 1) 1
55 R ROE AR, WMS-2f/1f 5w 12

http://wulixb.iphy.ac.cn

233301-1


http://doi.org/10.7498/aps.68.20190515
mailto:kanruifeng@aiofm.ac.cn
mailto:kanruifeng@aiofm.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 233301

B AE I = TR s Wb, SE T R Rl
10.58 atm (1 atm = 1.013 x 10° Pa) B iR E
T, B KRR 22 5.68%, BlE T IR REEHY
e AN S .

2 ML FEHE
2.1 HEigEy

— WRR R o LR L SR
Af, 375 S OB aR 1 A ST 65E T3 /£ Beer-Lambert
EHE

Tuozzﬁ;:emx—a», (1)

“+o00 +o0
A= / apdv = PXLS(T) - / ¢pdu

—0o0

= PXLS(T), (2)

K r(0)FRRIEL R, o, RRWOCE, X TR
T, WOCREAEMU AR AT AR ROGIE A, LR
WOEFRE (B2 R em), PR R ESE (B R atm),
X AWMCSARAETREE, S(T) AW AEIREE T
(h K) T RZR (B0 cm 2atm ™), ¢, %
T W R TR pR B, AR R R R 1. AR R S
BL, S BRI ICh 22385 4 e v F Al 128 i 9 255 5 1k
HH, g, BEHE Voigt 2 U H kv BrZ AR S
RIS TR, Horh 2 R R e SERLTR 02
F& (full width at half maximum, FWHM) 1] 35|

%E/:]\ ‘;i]:
b ’ UOV M’

Av, = 2P, (4)
Horpvg (B2 emt) ORI PO, M (B
374 gmol ') Fyn HARsrF B BE /R B, ~ (B4
H em tatm ™) FRoRE TR FREL,

10 =) (2, )

Horp n FOR R 58 R B TR EEAO R 8. 7RI R
FoAR WO AR R [ i Ry T A
IWHOGCEFHOEIEOL, IR o (1) FISREE 1o (¢) BERT
[E] AR AR OG22 AT 7R H:

v(t) = 0(t) + Y (a; + bit + cit?) cos(iwt +6;), (6)
i=1

In(t) = To(t)[1 + ig cos(wt + 1) + ia cos(2wt + (pg()],)
7

X o) MEOEIR PO, o, b, c HZTAX R
B, IEHY i = 1, FoREHIRE (AR em);
w AR (w=2nf); O FRPIMNL. HREFRIAR
o To (t) OGas HoD G 4, 4 209 I3 —1k—
UM UL s o1, 0p J3 R — ORI U il
FIRIFRAL . X S8 S H A T IO A8 A B 8 45
M. WIS R R (5 S 2 ad i A5 SHNBR T S
LfIF—1Rl 2f (55 Feik =k 22

S 2f /1 f-background-subtracted

:V(&Aw_X%Aﬂf+<%Aw_Y%m»2
Ry ROy Ry ROy )7

(8)
Hr Xop, Yo, R ZPIAHBORERF AT BB 2f 1)
XOraA Y oS X9, Yo 2R 2f i X i
Y 3R AR S Ry, ROy 70 37R SUH
AR 1551 5.

2.2 NEFRE

WA VR ) S 0 S 2 B0 JEE BRI 1 1
ST ARSI LA, BRI S8 S SR
R B —E, EIRHOE R R S8 L S5,
R 18 20 4K 4l e D 1220, 5 LAY = ARl e (B
Line;, vy = 7185.6 cm™'; Line,, vy = 6807.83 cm™!;
Lines, vy = 7444.35/37 cm™") i SHN# 1 .

HRHE 2 TS LS EL, 43 BN [R) Fai 1) I
JRE, S5 FANPE 1 . 1T RIS IR
T = 1500 K, K{RHE X = 5%, 2 L = 10 cm,
AU B 1T s i R ik A B R AR R, i
M W IS 2 o S i N AR ARME 53 F, BRI
T BEARIU R ) SE AR AE , I HL TR 2R M2k
WA, 2T R R Tt i JE AR M ES B S
B AR A R 04 2, AR e 2 i ) 23]
fifi Line, & Line, & Line, & Lines 2H 1% P32 W i 2k
X, B HR P = 5 atm, KISKHIE R 1%—20%,
JELBE A 1000—2000 K, WL IR IR XT 271 f I (E Y
HAEAR AN 2 FiR (C, R Line, 5 Line, /9 2f/1f
(W L, Cy F R Liney 5 Lineg B 2f/1f i)
fEEL).

M 2 HaT LU ) B [ 5 B, 19 X R e 2k
() 2/ 1 WA L0 Bt 3050 88 AN A8 Ak, O HLIR]— R &2

233301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019)

233301
F 1 ZHRRRLIELSE
Table 1. Spectroscopic parameters of three absorption lines.
vg /em! S(To) @296 K/cm 2atm ! E"/em! Yairo/Cm H-atm ! Veelt/cm -atm !
7185.60 1.91 x 102 1045.06 0.041 0.198
6807.83 6.03 x 106 3319.45 0.098 0.183
7444.35/37 1.10 x 1073 1774/1806 0.019/0.0153 0.2/0.23
0.14 0.10 0.25
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""" P=15 atm ----- P=15 atm fy----- P=15 atm
0.2t o "
0.08 | n 0.20 } Y
2 2 " ) [
0107 E A E )
3 3 R 3 B
S £ 0.06} b S 015} P
:g 0.08 1 E 1 ‘l E : ]
Py o vy Py [
E 0 06 L E l. 1 E l' '
8 * & 0041 vy & 0101 -
5 5 Y 5 D)o
2 004t 2 / . 8 ! ’
< < K < ! \\
0.02 | ' 0.05 | , .
0.02 - . . % .
0 0 - 0 . .
7184 7185 7186 7187 6806.5 6807.5 6808.5 6809.5 7443 7444 7445 7446

Wavenumbers/cm !

Wavenumbers/cm~!

Wavenumbers/cm ™!

B 1 BEAFERER T WWIEE () Liney; (b) liney; (c) lineg

Fig. 1. Simulated absorbance at different pressures: (a) Line;; (b) liney; (c) lines.
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Fig. 2. The peak ratio of 2f/1f of the two pairs of absorption lines obtained by simulation varies with temperature and concentra-

tion: (a) Line, & Liney; (b) Line, & Lines.
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Fig. 3. Process of temperature inversion.
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Fig. 4. Device diagram of field test.
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Fig. 6. Original absorption signal (top) and harmonic signal (bottom).
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Fig. 7. Temperature measurement results of three different

working conditions.

# 3 LR
Table 3. Measurement result.
State & illustrate State 1 State 2 State 3
Average temperature/K 975.41 1481.29 1596.33
First group Absolute error/K 17.41 61.29 84.33
Relative error/% 1.82 4.32 5.58
Average temperature/K 980.57 1473.66 1595.77
Second group Absolute error/K 22.57 53.66 83.77
Relative error/% 2.36 3.78 5.54
Average temperature/K 982.91 1481.46 1601.50
Third group Absolute error/K 24.91 61.46 89.50
Relative error/% 2.60 4.33 5.92
Average temperature/K 979.63 1478.80 1597.87
Total Absolute error/K 21.63 58.80 85.87
Relative error/% 2.26 4.14 5.68

5 & &
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K BRI BT R R R R, A
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Temperature measurement method of high temperature and
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Abstract

Temperature is one of the important parameters to measure the combustion efficiency. The measurement of
temperature is of great significance for saving energy and reducing emission in industrial combustion process
and diagnosing the engine state. The tunable diode laser absorption spectroscopy is a non-invasive measurement
technology with strong environmental adaptability for fast, in-situ detection. Based on the three absorption
lines of HyO at 7185.6 cm!, 6807.8 cm ! and 7444.35/37 cm'!, the wavelength modulated spectrum absorption
model is established and laboratory-calibrated; using the background-subtracting WMS-2f/1f method and the
best fit method, the temperature is measured. The outlet temperature of the single-head combustion chamber is
accurately realized. The outlet temperature of the single-sector combustion chamber is also accurately
measured. The measurement is verified in a pressure range of 3.39— 10.58 atm and a temperature range of
958 — 1512 K. The time resolution of the measurement system is less than 1 ms, and the measurement error is
less than 5.68%, thus verifying the practicality of the measurement method and the stability of the

measurement system.

Keywords: absorbance spectroscopy, wavelength modulation spectroscopy, high temperature and pressure,

combustion flow field
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