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Evaluation of Combustion Characteristics of Low Grade Bunker Fuel
by Flame of Single Droplet

Shin-ichi Morishita*!, Kazuyuki Maeda*', Seizoh Abe"?,
Minoru Tsuda*' and Tomoaki Kirihata™*?

The flame generated by the combustion of the low grade bunker fuel changes the
size, flickers, breaks to pieces, and produces a large amount of soot. The cause is
that the residue in the fuel burns. This paper clarified the combustion characteristics
by a new method to express the flame’s size on single fuel droplet with luminosity.
After it was confirmed that the flame’s size and the luminosity had the correlation,
this method was applied to the fuel and compositions. As a result, the combustible
gas generated from the fuel changed in quality from evaporated vapor to thermal
cracking gas of aromatics and asphaltene. When the thermal cracking gas burned,
the generation of a large amount of soot and an active division of the flame occurred

at the same time. The soot piled up and stayed in the flame.
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@®:Furnace, @:Ceramic Tube Jacket, ®:Silica Filament,
@:Support, ®:Stand, ®:Heat-Resisting Glass,
@:Thermocouple, ®:Video Camera, ©®:Video Display,
@:Video Recorder, @:Photo Sensor, @:AD Converter,
®:Personal Computer,@:Lamp, ®:Digital-Voltage Meter,
@®:Voltage Regulator,®:Guiderail.

Fig.1 Schematic diagram of experimental appara-
tus.
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Table 1 Various properties of fuel

Sample no. 1 2 3 4
Density 15Ckg/m® (9728 9819 954.6 948.2
Kinematic viscosity 50 ‘C,mm */s 177.8 1792 183.5 1753
CCAI 842 851 824 818
Composition wi%
Saturated compounds (Sa) 241 222 258 262
Aromatic compounds (Ar) 67 68.5 66 65.5
Asphaltene (Asp) 89 93 82 83
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Fig.2 Output voltage of photo sensor correlating to
lateral area of flame.
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Fig.3 Lifetime of flame generated in single droplet
of vaseline.
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Table 2 Condition to record of flame

Combustion temperature  C 650
Interval of measure ms 50
Recording period sec 5
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Fig.4 Ratio of maximum size of flame generated
in single droplet of fuels.

ZRL. RORELEL LTV E, S, No. 4 EEHMH
KB ARBEEEEFA L, KitRsh s k)i, Mk
B ARICA CBRERR L EROBAIPE AL, B
ROBEFET BT L0 OI6% 5 (ERa)o T DHRDOMI
X D BBRSKD LR T 570D, ROFRPHF T vy Xm—
TRICI B, £ OEED S BELOMOO RO T T HE
5o TRELVENEFET 5 (EfD). RI¥HRLr S v
~No - FRICE DI {55, COELETS
B5HA & 50msfB AT 5 k€ v % — DB A —F 3 hiF
KERIcE—27 L LTHMLE, TOT EHFig. 4Bl
%No.2, S0EEMIIRENTVWS, BEL TREE ST
Tz vy Ro—7FRIIBBEOREERBEEHD» SREL
Boigd, 7768515 (Efc), ZoRPITImE»
SEHRICIEH T 2 /NKRDB RSN B, TF I BB
N BOEMD SFET 39 A TR EMICEE L
TREEDIRIEVE T (T oy 7RTF) BERICHET 3,
KB INEERAC LI CKEL %3 EB/RD. —BIER
KEHYT B/NKED 12D RIENT—EOEZRTT (B
Be)s HBL T—RUCTHET 5, BEROAISRITITHT



132 T » B - FER - E#H - FHE

Ratio

I
0 1.0 2.0

l |

. Duration of flame (sec)
Fig.5 Ratio of maximum size of flame generated
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Fig.6 Ratio of maximum size of flame generated
in single droplet of aromatic compounds.
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Fig.7 Ratio of maxmum size of flame generated.in
single droplet of maltenes.
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Fig.8 TG and DTA curve of fuels measured by
thermobalance.
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Fig.9 TG curve of compositions of no.4 fuel mea-
sured by thermobalance.

Table 3 Measurement result of fuels by thermo-

balance(wt%)

Sample no. 1 2 3 4
Evaporation | 483 483 457 468
Thermal cracking 209 216 221 19.9
Carbonization 308 301 322 334

3.3.2 BrEEKOMER
BOREBEMET R 7o 75 7EBOTIMEL 27
T O R T B MR R DS % o IIBVEE R
OBBEEITHIOBRIFLEILE0CTH S, BEEAMAEES
LUBBAD I a2 b 7S ABEUL TR ED D,
No. 4 BEMO#EREEFig 10icRd, Kicid, BSTFERK
NOTFEL, REHL6 (Co) DILAMDBEZ O T EHRS
nTWV3,

1 ] ] 1
0 20 40 60

Retention Time (sec)

Fig.10 Chromatograms of gases generated when no.4
fuel is heated to 650°C by pyrolysis furnace.

Table 4 Measurement result of compositions by
thermobalance (wt%) .

Sample no. Composition
Mal Sa Ar Asp
Evaporation 645 812 467 4.6
1 Thermal cracking | 19.7 121 185 39
Carbonization ‘158 67 348 564
‘Evaporation 638 825 431 45
2 Thermal cracking |[20.5 11.3 245 326
Carbonization 15.7 62 324 629
Evaporation 61.1 824 457 5.5
3 | Thermal cracking | 18 13.1 211 36
Carbonization 20.9 46 332 585
Evaporation 573 822 473 54
4 | Thermal cracking | 204 143 227 38
Carbonization 223 35 30 566
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Fig.11 Ratio to maximum size of flame generated
no.4 fuel and it’s compositions.
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