g 20174050

KL —HRINEEZ W BN O
9 W ICHE R H R 45 A 2 1

CT &

MO %Y EAR K? AR &Y WA ERY sk mAY
Time-series Two-dimensional Temperature Measurement Inside the Engine Cylinder Using Computed
Tomography-Tunable Diode Laser Absorption Spectroscopy
Yoshihiro Deguchi ~ Taku Takagi  Takahiro Kamimoto Tomomi Okamoto  Naoto Watanabe

The non-contact and time-series two-dimensional (2D) temperature measurement method has been developed using computed
tomography-tunable diode laser spectroscopy (CT-TDLAS) to elucidate the engine combustion phenomena. 2D temperature were evaluated by
H20 absorption spectra measured inside an engine cylinder using a 16-path CT cell. The 16-path CT cell was installed between the engine head
and engine cylinder without structural change of the single-cylinder engine. Wide-wavelength scanned multi-path laser beams were
simultaneously introduced to the engine cylinder and simultaneous time-series two-dimensional temperature distributions were reconstructed to
elucidate the engine combustion phenomena. It was demonstrated that time resolved temperatures of multi-laser path were measured at 0.1-4MPa

pressure conditions and time resolved 2D temperature distributions were successfully reconstructed using a revised H2O absorption data base.
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Test Operation Revolution Mean EGR
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(kPa)
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2 Firing 1200 200 0
3 Firing 1200 400 0
4 Firing 3000 500 0
5 Firing 2000 300 0
6 Firing 2000 300 17
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Fig. 3 Experimental results of test NO.1 (laser path 1)
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Fig. 4 Experimental results of test NO.2 (laser path 1, 5, 7, 12, 15)
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Fig. 5 Experimental results of test NO.2-6 (laser path 5)
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Fig. 6 Experimental results of reconstructed 2D
temperature (test NO.1)

Vol.48,No.1,January 2017.

Crank angle (deg.)

0 720 1440 2160 2880
L 1 1 L 1 5
1,800 . Lemperaire Test NO.2
essure Laser Path 1 4 =~
o 10 £
< 3 £
® 1,200 ]
‘E 200 2 2
g &
E 1
E e
2
300 0
[ 100 200 300 400 500
Time (ms)

(a) Time resolved temperature of laser path 1

Temperature (K)
300 1150 1800
|
35
B
E o
>
-35 e
-35 0 35
X(mm)

(b) Reconstructed 2D temperature at 13ms (Crank angle:29deg.)

Temperature (K)
300 1150 1800
|
35
B
E o
>
-35
-35 0 35
X(mm)

(c) Reconstructed 2D temperature at 29ms(Crank angle:144deg.)

Temperature (K)
300 1150 1800
| = |
35
€
Eo
o>
-35
-35 0 35
X{mm)

(d) Reconstructed 2D temperature at 63ms(Crank angle:389deg.)
Fig. 7 Experimental results of reconstructed 2D

temperature (test NO.2)

39



CT PR L — LA FV 72 T > 2 A RN D 2 R TTHERFIRE 54 5HI

5. % & ®
CT 430K L —FURIE & AV C, HAE= s VL BN OIR
FERHAE S L. AR A LA TR T

1) BAM= Y M AlEE7e CT R V2 BRFE L=, 4
NERRESE A BRAT O Lk, mu YR
BoET 5 2 L7, RN 2 RITIREEFZ ATREE LT-.

2) BE—X VU TERIBNT, YU ERNA IR T D
U— PSR % TR Al 2 b A SRRE L7, &
72, BRI TR S D IREEIE, JESMED B3R 7- A
RE L BOW—Z2 72 LR S 7=, e O
X 19 K ThoT-.

3) B—F VU T EAFB L OEKEMIIBWT, 2 RIRERS
TRAEFHAS aTREZR & & 2 FERE LTz, AFFZED 16 /S AFHHI
BT, FHURER O HL OIS C 4mm FREE, fRiPNEEm T
5C Smm FREEDZER e A LT\ D. L—H 2
HEIMC &0 e o fieez a5 Z LR AEETH B.

Z & X M

(1) Y.Deguchi : Industrial applications of Laser Diagnostics,
Chapter 6, CRS Press, Taylor & Francis, p.167-208, (2011).

(2) M.Yamakage, K.Muta, Y.Deguchi, S.Fukada, T.Iwase, and
T.Yoshida : Development of Direct and Fast Response Exhaust
Gas Measurement, SAE Paper 2008-1298, (2008).

(3) Y. Deguchi, M. Noda, M. Abe, and M. Abe : Improvement of
Combustion Control through Real-time Measurment of O2 and
CO Concentrations in Incinerators Using Diode Laser
Absorption Spectroscopy, Proceedings of the Combustion
Institute, Vol.29, p.147-153, (2002).

(4) Y. Zaatar, J. Bechara A. Khoury D. Zaouk, and J.-P. Charles :
Diode laser sensor for process control and environmental
monitoring, Applied Energy, Vol.65, p.107-113, (2000).

(5) P.Wright, N. Terzijaa, J. L. Davidsona, S. Garcia-Castillo, C.
Garcia-Stewart, S. Pegrumb, S. Colbourneb, P. Turnerb, S. D.
Crossleyc, T. Litt, S. Murrayc, K. B. Ozanyana, and H.
McCanna : High-speed chemical species tomography in a
multi-cylinder automotive engine, Chemical Engineering
Journal, Vol.158, No.1, p. 2-10, (2010).

(6) Lin Ma, Xuesong Li, Scott T. Sanders, Andrew W. Caswell,
Sukesh Roy, David H. Plemmons,
Gord :50-kHz-rate 2D imaging of temperature and H2O

and James R.

concentration at the exhaust plane of a J85 engine using
hyperspectral tomography, Optics Express, Vol.21, No.l, p.
1152-1162, (2013).

(7) Y. Deguchi, T. Kamimoto, Z.Z. Wang, J.J. Yan, J.P. Liu,
Hiroaki Watanabe and Ryoichi Kurose: Applications of laser

diagnostics to thermal power plants and engines, Applied

40

Thermal Engineering, Vol.73, No.2, p. 1453-1464, (2014).

(8) Cai,W. and Kaminski,C.F.: A tomographic technique for the
simultaneous imaging of temperature, chemical species, and
pressure in reactive flows using absorption spectroscopy with
frequency agile Lasers; Applied Physics Letters, Vol.104,
p.034101/1 - 034101/5, (2014).

(9) An, X., Kraetschmer T.,Takami, K., Sanders S. T., Ma, L.,
Cai, W., Li X., Roy S. and Gord, J.R.

temperature imaging by H20 absorption spectroscopy using

. Validation of

hyperspectral tomography in controlled experiments;
Applied Optics, Vol.50, No.4, p.A29 -A37, (2011).

(10) Ma, L., Li, X., Sanders S. T., Caswell, A.W., Roy, S.,
Plemmons, D.H. and Gord J.R.: 50-kHz-rate 2D imaging of
temperature and H2O concentration at the exhaust plane of a
J85 engine using hyperspectral tomography; Optics Express,
Vol.21, No.1, p. 1152-1162, (2013).

(11) Pal, S. and McCann, H: Auto-digital gain balancing: a new
detection scheme for high-speed chemical species
tomography of minor constituents; Measurement Science and
Technology, Vol.22, No.11, p.115304/1-115304/13, (2011).

(12) Tsekenis, S. A., Tait, N. and McCann, H.: Spatially resolved
and observer-free experimental quantification of spatial
resolution in tomographic images; Review of Scientific
Instruments , Vol.86,No.3, p. 035104/1-035104/17, (2015).

(3 A, 2, BN CT AR L — P RIGEIC L5 U 7
B A 22 RICREFHRI O >V AT A~O A, Hflh
HHAfrEEm S, Vol.44, No.2, p.251-256, (2013).

(14) HIE, HAK, I CT S8k L—PRitisa iV 2k
TR R ORE LR, BT 2SR, Vol 45, No.6,
p. 965-970, (2014).

(15) #A, H M, Choi, Z4F, Shim : CT =8 (K L —F RN L
= 2 WOTIREERHRIOREEEMGE, B BRI amm S,
Vol.45, No.1, p.75-81, (2014).

(16) A, HiA, THH: CT 5K L —Pikz i 7o @i
BRICHB T D 2 KT EE AR AR O BV, B BhaEL
LRSCEE, Vold5, No.6, p.971-976, (2014).

(A7) #0AR, A, EAZKAT D4 H: CT 8K L —FRIE
Z Tz @R - SRS IS T D 2 RoTIREE /A st O M
A, H Eh B E T 2 SCHE, Vol46, No.6, p.1031-1037,
(2015).

A8YHH, #A, HA, TURh #7077 o CT Y8R L—

YR D ZE [ 53 iR K OVRS EERTA, B EhBLR firam
£E, Vol.47, No.2, p.279-285, (2016).

(19) L.S. Rothman, I.E.Gordon, A Barbe, et al.: The HITRAN2008
molecular spectroscopic database, Journal of Quantitative
Spectroscopy & Radiative Transfer, Vol.110, p. 533-572, (2009).

BEERKNSRXE



