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Abstract: Aiming to achieve the combustion diagnosis of high pressure combustion field such as scramjet,
Tunable Diode Laser Absorption Spectroscopy (TDLAS) was used to develop preliminary research on the temper-

ature diagnosis of combustion with pressure condition. A Computed Tomography (CT) algorithm according to
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spectrum coupling was used to reconstruct two—dimensional temperature distribution. Using the sum of squared
differences and the zero mean normalization cross correlation as the evaluation indicators which were able to anal-
ysis the reconstruction accuracy of CT-TDLAS. A pressure combustion chamber temperature distribution mea-
surement experimental system was set up. With pressure sensor and CCD camera, the changing of the pressure
and flame which contented combustion ignition process under pressure condition were recorded. Using wide—band
tunable diode laser which can achieve 1335~1375nm output to reconstruct time-resolved two—dimensional tem-
perature distribution. The experimental results show that CT-TDLAS has high reconstruction accuracy, the
changing tendencies of pressure, flame and time-resolved two—dimensional temperature distribution result are
similar, CT-TDLAS can achieve high—resolution time-resolved 2D temperature measurement and provide quanti-
tative temperature distribution information to the research of combustion with pressure condition, which can give

help to diagnosis of pressure combustion as well as further high temperature and high pressure combustion flow
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field.
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1335nm to 1375nm
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Table 1 Experiment conditions

Test No. 1 2 3
Initial pressure/MPa 0.2 0.3 0.4
CH, flow rate/(m?%/s) 1.8x10™°  3.2x107 5x107
Air flow rate/(m?/s) 8.3x107°

Equivalence ratio 1
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Fig. 9 Time-resolved 2D temperature distribution in test 2 with initial pressure of 0.3MPa using CT-TDLAS
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Fig. 10 Time-resolved 2D temperature distribution in test 3 with initial pressure of 0.4MPa using CT-TDLAS

AT R AR IR S S sh A AR k.
[F] 5F CT-TDLAS B A {55 R B W% 5 3k kHz i L %
A LLSE B Tms [ B A4 B ] 4398 00 oo DXL UG, 1 % % 3
HL P H 3004 88 0 Wk 3h 55 K X 1k e sh 28 A5 4k, ] L
SCPE R AR B AL E AT R S ) Y K
X 15 Bl 1335~1375nm 3 B Ak 1Y 7K 28 18 W Ik %
T, FE H A R BRI I B 43 A O T B AR Y
L A

5 & it

AR SCHE R T R R b O B I SIS R 4L OF
TESRBE I N HEAT T W48 & 71 43 99 2 0.2MPa, 0.3MPa,
0.4MPa, RS Y& Lok L RS 86 . SE i o A b
FH CCD AHAIL .CT-TDLAS Il i 5 4t Fl e J) 4% 8 id s
TIRBEIE N AR AR B . SRR

(1) fd & 1E )5 f9 1335~1375nm Y 5 % BE /K 2%
TR WG TS B %, CT-TDLAS RE % % {0 1 %J 47 J 4R
U 7 S BB B L B9 5] 8] 43— 44 38 B 0 A T A

(2) #k bead 72w, CCD AL F 38 04 KM B 4% i
& CT-TDLAS 5t £ (1) isf [A] 43 HF — 4k I 52 43 A 245 S 0
JE A6 2810 S 1 JE S A8 fb ok B, — % AR b R
Fe—3 o DA A] DA KK £ 55 1 e ] 2o 722 Al e 4 25
FIT

(3) AR B Z0) = 40 46 TR 7 T 52 56 04 3 B 4 A
XF Lo 25 5 R Ty X L 45 R AT G B SRR S T R 1
VL AA, UL CT-TDLAS X 47 5 R 52 37 Ik 18] 23 9% 10
AR BE S A A5 R B R I MER T

MR R 45 AT A1, CT-TDLAS % I 4 4F F iy
BRI b A B AT W IR AR R e ) . AE SR SRR,
AL A B CT Ik 2 b RO AR A R 7
5 CT-TDLAS — 4 i J3 25 4 9 o o B 18 3 CT I

YOEZE M BB S i = e R A . A
CT-TDLAS H kHz 41 % it G 95 5 R AL, SE I XT
2 2% KN Bk b ok ol 1 B ) 9 EE A, Sk b R R B
B4 B 5 I v TR R b ok 2 R IR b sk R AR Ak, 42 11 5B
HONIIBT 50 Ny =

S 0k

1] &, SR, B W, 5. B ol E & 2 LR B
Ko B e B R RIS R[], SEB AR )%, 2018,
32(2): 74-81.

[ 2] Glass D E, Capriotti D P, Reimer T, et al. Testing of Re-
fractory Composites for Scramjet Combustors[J]. Journal
of Propulsion and Power, 2016, 32(6) : 1550-1556.
SCHE, UL, BRe 2z, 5. 4 JE 5L PyITO AR
£ LT]. WA, 2013, 32(4): 23-25.
VO, £ AL, MR, L RSO R R R 3
BB B B ok i o Y O B (D). ek s LR,
2018, 26(8): 58-65.

AR, AR, sk L AL BERCKE bR R Bh L
AR E P R ok (1] EUEF R, 2007,28(4)
337-341. (HU Jian—xin, XIA Zhi-xun, ZHANG Long,

[3]

[4]

[5]

et al. Combustion Process in Secondary Combustion
Chamber of Ducted Rocket by High Speed Photography
and Digital Image Processing [J]. Journal of Propulsion
Technology, 2007, 28(4): 337-341.)
[ 6 ] Biirkle, Sebastian, Dreizler A, et al. Experimental Com-
parison of a 2D Laminar Diffusion Flame under Oxy-Fuel
and Air Atmosphere[ J]. Fuel, 2018, 212: 302-308.
Xl AR S, R, L OISR ARTEMR R
WL W BRI )], AR % TR, 2011,19(2)
284-296.

PEREE, RAZF, B8

[7]

i, % BOLTRBOLIE W E 12



a2k ol

P TRAR R 2D A 53 A B O WO 1 ) A0 20 BT 5

2137

[9]

[10]

[12]

[13]

W B AR b R B I A W S R L] SE R AR o
2018, 32(1): 43-54.

Sun P S, Zhang Z R, LiZ, etal. A Study of Two Dimen-
sional Tomography Reconstruction of Temperature and
Gas Concentration in a Combustion Field Using TDLAS
[J]. Applied Sciences, 2017, 7(10).

Choi D W, Jeon M G, Cho G R, et al. Performance Im-
provements in Temperature Reconstructions of 2=D Tun-
able Diode Laser Absorption Spectroscopy (TDLAS)[J].
Journal of Thermal Science, 2016, 25(1): 84-89.

Wang Z Z, Zhou W Z, Kamimoto T, et al. Two—Dimen-
sional Temperature Measurement in a High—Temperature
and High—Pressure Combustor Using Computed Tomogra-
phy Tunable Diode Laser Absorption Spectroscopy (CT-
TDLAS) with a Wide-Scanning Laser at 1335-1375nm
[J]. Applied Spectroscopy, 2020, 74(2): 210-222.
Wang Y, Wei, Liu T, et al. TDLAS Detection of Pro-
pane/Butane Gas Mixture by Using Reference Gas Ab-
sorption Cells and Partial Least Square (PLS) Approach
[J]. IEEE Sensors Journal, 2018,18(20): 8587-8596.

Kamimoto T, Deguchi Y, Shisawa Y, et al. Develop-

[14]

[15]

[17]

ment of Fuel Composition Measurement Technology Us-
ing Laser Diagnostics[J]. Applied Thermal Engineering,
2016, 102: 596-603.

Rothman LS, Gordon I E, Barbe A, et al. The HITRAN
2008 Molecular Spectroscopic Database [J]. Journal of
Quantitative Spectroscopy and Radiative Transfer, 2009,
110(9/10) : 533-572.

Kamimoto T, Deguchi Y, Kiyota Y. High Temperature
Field Application of Two—Dimensional Temperature Mea-
surement Technology Using CT Tunable Diode Laser Ab-
sorption Spectroscopy[J]. Flow Measurement and Instru-
mentation, 2015, 46: 51-57.
Kamimoto T, Deguchi Y. 2D Temperature Detection
Characteristics of Engine Exhaust Gases Using CT Tun-
able Diode Laser Absorption Spectroscopy [J]. Interna-
tional Journal of Mechanical Systems Engineering , 2015,
1:109-116.

Deguchi Y, Kamimoto T, Kiyota Y. Time Resolved 2D
Concentration and Temperature Measurement Using CT

Tunable Laser Absorption Spectroscopy [J]. Flow Mea-

surement and Instrumentation, 2015, 46: 315-318.

(R B)



