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A Study on the Measurement of Flame Visualization,
Temperature and Soot for Diffusion Flame in a Diesel Engine Using
High-Speed Camera
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Abstract

The temperature and soot of the visualized diesel engine's turbulent flow of the flame was measured
qualitatively. In the combustion chamber, in order to judge the affect that the swirl current has on the
current ratio, two heads with different ratios were used. Using a high speed camera, the results were
analyzed using flame visualization. In order to measure the temperature and soot of the turbulent
flames like diesel flames, two color methods were used to acquire temperature and the soot of the
flames according to the conditions through analyzing the two wavelengths of the flames. It was
possible to measure the highest temperature of the non-swirl head visualized engine, which is
approximately 2400K, and that swirl head engine managed up to 2100K. With respect to the visualized
diesel engine soot, we got the grasp of the KL factor which bears the qualitative information of the
soot. This study is dedicated to suggesting the possibility of measuring not only the temperature but
also soot of the diffusion flame of the diesel engine turbulent flames.
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Fig. 1 Schematic of experimental rig for
combustion visualization

Fig. 2 Cross-section of the visualization engine
and photography

Table 1 Engine specification

BorexStroke 95%95
Compression ratio 17
Displacement volume 675cc
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(a) Non-switl type head
Fig. 3 Two types of cylinder heads

(b) Swirl type head
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Table 2 Experimental conditions

Air-Fuel ratio 40 : 1

Cylinder head type swirl head, non-swirl head

Injection pressure 300,600,900,1200bar

Engine speed 250,500,750rpm

(a) 550nm
Fig. 4 Photography of raw image acquired by
550nm, 750nm narrow band-pass filters

(b) 750nm (¢} 180scc/m
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Fig: 5 Comparison of temperature obtained from
thermocouple with two-color method

(b) Swirl head (500rpm, 900bar)

Fig. 6 Flame visualization between two types of
cylinder head
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(b) Non-swirl head (750rpm, 1200bar)
Fig. 7 Flame visualization with injection pressure
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(c) Non-swirl head (750:an 900bar)
Fig. 8 Comparison of flame visualization with
engine speed
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Fig. 9 Maximum temperature distribution and

probability of temperature for non-swirl
head at 500rpm, 750rpm

Aol FAYFE T AEF W&ol
F7tstez g9 Fx=7t % 5:6}71] Huz A
9] X 2300KETH o & #L #eus A
< =8 = U}t 750rpmY F$ol = 300barZ
EAMA 2300k AT Aol s vEhin B4}
o] F/HEFF 2400k @A Fhete A
& B Utk ol¢t #& 4¥ZHE FIAAM £
Ao FrtdeE A8 v Az o
5:%‘14191 719kl EFEC] FUIEHA Hol d4
o A== F718HA Elt A& ¢ F Jden A
A AF7E FAEFEF fAdIY dAXERE
F7tskA He Ae Q?l% T Ao

Fig. 1094 = swirl headoll Al =& X9 A3
BoFa gk o] 299 JFor A
A gERoz BAGH %n BHozE B
Ao 3de AT A L AFEE A
AAAY AAe Bel B 4 od, ex9
e g F4 FHAAE Ao =S
gt oA 2x9 dt7o] dojue
£ 4 2lth non-swirl head9} FY3s1A

h

F
J

°l

& oM e A 82

2
o ft



138 58,

300ber &00bar 400bar

(b) Engine speed (750rpm)
Fig. 10 Maximum temperature distribution and

probability of temperature for swirl head
at 500rpm, 750rpm
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(b) Engine speed (750rpm)
Fig. 11 Soot distribution and KL factor for
non-swirl head at 500rpm, 600bar
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(b) Engine speed (750rpm)
Fig. 12 Soot distribution and KL factor for swirl
head at S00rpm, 600bar

332 C|EAZTIOAM LS| sootsE EREM
Fig. 119 23 3L non-swirl headol] 3ty
500rppm#} 750rpme] TS A £ 2UFH A8
o] ¥ALQrE2 300bar, 600bar, 900bar, 1200baro]
A AN 2 de] d484 F A JEE HH
= 3lde 243 Az 2¥8o2Z A non-swirl
headdl A& AAHoz oide RX7 g2 Ay
e A¢ B F 3, 1200bar2 AL
Aeole dg9 vEss £AHI] &
Aoz AL HAXNY vde] BEXE 1A
< A 4 uh EF, o]MHL o]Lst

pxo} muaRy e Aoz ¥
WA viele EI JuHem He

lo

A% F 3, 27t @& RRAAME
@«] 2¥7} z7]'5}x_ Ag & 5 Ak
Fig. 125 swirl headol] i wde] E¥XE

g B2 A non-swirl headoll HE] ooz

299 ooz F WA ude X}

B AL & F o, =3 2ol AA

Baoz HAste AL 99 JHNFGE T3

gAd 4 Jded d Fgol A&ty AFFst

e BACA Hdn F717F s HolA wid

o} o] A dolgd & = 4ok o

FAME dE7F A4 ¥ Ty F43 2

9| ol 3 A Aol Friste AFH
TLEA HFe FAFHAAAME HAY 2=}

2 WY U9 EFEHE FROA AdHez

SE9 FAG zol2 YA widY LA F

Vet e Aoz ddEt)

Fig. 139 A3 non-swirl head®] X 500rpm,

600bar2 AL 8191 & AF9 o YA, B,

rl

2 2 o rle f|r ox tlo to
H1
1o

Ao



&7t g ol 8F HAdI WS 3G 7HA 3, 39 &= 2 o

Fig. 13 Soot distribution and KL factor for
non-swirl head at 500rpm, 600bar

Fig. 14 Soot distribution and KL factor for swirl
head at 500rpm, 600bar
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