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Application of Light Collecting Probe with High Spatial Resolution to
' Spark-Ignited Spherical Spray Flames
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Department of Mechanical Engineering, Dong-A University
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Abstract : In order to obtain the flame propagation speed in freely falling droplet suspension produced by an ultrasonic
atomizer, a light collecting probe named Multi-color Integrated Cassegrain Receiving Optics (MICRO) is applied to
spark-ignited spherical spray flames. Two MICRO probes are used to monitor time-series signals of OH chemilumine-
scence from two different locations in the flame. The flame propagation speed is calculated by detecting the arrival time
difference of the propagating flame front. In addition, time-series images of OH chemiluminescence are simultaneously
obtained by a high-speed digjtal CCD camera to ensure the validity of the MICRO system. Furthermore, relationship
between the spray properties measured by phase Doppler anemometer (PDA) and the flame propagation speed are
discussed with three different experimental conditions by changing the fuel injection rate. It was confirmed that the
MICRO probe system was very useful and convenient to obtain the flame propagation speed and that the flame
propagation speed was different depending on the spray properties.

Key Words : light collecting probe, chemiluminescence, spray combustion, flame propagation speed

1. 2 I 3 jFolE A FHAEIF Sads FeHE
A Edshe S eI

HAAR FFHAL BFY o[4F (two-phase 2 432 Akamatsu et al¥9] 7249 S Edi2
flowolE2 DRA0Z B Hol7xs Axm 5t AFUs BEFe 2R 28 793
ot SHUE, Ay ATl e BREA < FPNA AAEH 02 AT AT A
o) BFUAA (inhomogeneity) & thokdt dadge SV B AE HHoE Pt o) 93 multi-
o7 dEmee] Az e J4LAAL B3 color7integ1ated receiving optics (MICRO) (Akamatsu
&7 uk== @9lo] Ht}. Continillo et al. S o et al)gl HH 2019 APEaBE B
ols] ERagele FAH Anxdawnt oz W FH PILER 7] G 24 DA

qETA A% wg BEHolArn B sojx  OHEtHZ AhEge] A 54L& 3ok 2the]

3 gtk Akamatsu et al®% BFFoIAN sgds  MICROZZEo] o7 zizhe) ApEgilart 4E

AYZ3} st rze BAEr] Y5t A5s) 71 s AAAE TEtY SRS EE B
stz Aol dgt 712H APS sk 1 As FAL EG MICROZERRS §4 AS b=
Axzho] o)EsE Aasly] 4¢ ArZy) o]  CODIPHES o3 OHTH R Apuge] AAE &
1} sy gAEe nglge] AElgor Aust & Itk PDA o3 549 EF5AEH

s Adggeole] #AZE 34 e AEFYSE
23S o] gsle] ZAREIYTE 2] MICROZZH

yangyj-du@hanmail.net

20



& o83t SFHAEEE EEde WYL wle
F83ba 3 ST EE B EAo ute}
o2 & YHE HAtks Aol EFATk

Fig. 12 EAHA 0|83 Adgx L 357
g enich sjesl 98 B3] 9l 2
Z+s Y E (280x280X1325mm, Absleh 7iHba)o]
At Fotoll 7] HEEE (magnetostriction-type) X
FAE 7he 22 9-57] (resonance frequency : 18.5
k)7t AR, HARE (A50E TR
o] 7}&% HXE (Fugawa science, JPV-W)ol ]3] &
ol FaEoART E5-7ldA vgE Hojzl o
Adse AHreteteas F93719 E3ste &
F7125E 400mm o] g AF7S 4mme]
7] 37 (F-AZE 20ms)ell of3f A3t o|dnt
Ao A7 §Zo] 44, 6.3, 11.0cm/ming] 2z}
Zpe] 220 dhal o 100514 WHEale] 2t 2o
A9 st ATEEE vwsEtsirh oA F4F
%l OH vz Ad-3E &3] 9siA multi-
color integrated cassegrain receiving optics (MICRO)
2 e 209 JFZEEE o] 8k

Fig. 20 MICRO Z2H J|iF2E Uehdt} o]
AL 25 A (concave mirror) ¥ E-Z7-& (convex
mirror) ¥} Fglo]] (Mitsubishi Densen Co. Ltd.,
ST-U200D-SY, NA : 0.2, core diameter : 200 zm)=
TAEAR QL T dM=A FEAAA A

hs

h-speed
Image C(?D camera
intensifier

lnterference
filter

Ultrasonic
atomizer

Power
amp.

Fuel — s

MICRO B MICRO A

H Spark gap
1

Controlier

Pulse delay
generator

Fig. 1. Experimental apparatus.
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Fig. 2. configuration of the multi-color integrated cassegrain
receiving optics (MICRO).
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Fig. 3. Configuration of detection unit of the MICRO system.
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Fig. 5. A directphotograph of the premixed Bunsen flame with
the measurement point of both the MICRO system
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Fig. 6. Time-series signals of OH radical chemiluminescence
obtained by the MICRO system and ion current
detected by the electro—static probe.
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Fig. 7. Time-series date of OH chemiluminescence images
recorded by the high speed CCD camera and local
OH chemiluminescence monitored by the two MICRO

systems.
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Fig. 8. Probability distribution of the flame propagation speed.
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Fig. 9. Size distribution of the droplet suspension at the three
different fuel injection rate.
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Fig. 10. Variation of actual flame propagatio speed at the three
different fuel injection rate.
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