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Spraying and Combustion Characteristics of Heavy Oil in the
Gun Type Burner for Hot Air Heater
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ABSTRACT

To find the best combustion conditions in the heavy oil burner kinetic viscosity of heavy oil A, B and C at
different temperature range, from 40 to 1407, and the droplet sizes of the heavy oils at different temperature and
pump pressure were measured. And, combustion characteristics were investigated under the different conditions :
two different heavy oil and three different oil temperature. At temperature of 70, 100, 1307C the kinetic viscosity of
heavy oil A and B are 7.9, 5.7, 4.3 and 30.4, 13.7, 7.9¢cSt, respectively. The greatest and smallest viscosity were
7,455 ¢St at C oil on 27°C and 4.26¢St at A oil on 1407 . The magnitude of viscosity difference between at 100°C
and 140C under 6 cSt in cases of A and B oil, but more than 30cSt on C oil. Of the droplet sizes, the biggest and
smallest droplet size in A oil were 98 ym at oil temperature of 1307C(4.3¢St), pump pressure of 1.57MPa and
72 ym at 70°C(7.9¢St), 2.35MPa, while of the B oil they were 67 um at 70T (30.4cSt), 1.57MPa and 52 ym at
1307 (7.9¢St), 2.35MPa, respectively. It appeared that as spraying pressure increased the droplet size decreased,
however, no distinct differences were found in the effects of kinetic viscosity on the droplet sizes of the test range.
The best combustion performance was observed when droplet size, spraying pressure and oil temperature were
73 ym, 2.35MPa and 70C producing CO, of 13.1%, CO of 13ppm and flue gas temperature of 250°C in A oil
combustion. For B oil, it was 1007C, 2.35MPa, 52 um, producing CO, of 14.1%, CO of 10ppm and flue gas
temperature of 260T. In general, it appeared that better combustion results were observed in the smaller droplets
produced burner condition.

F2 §-o](Key Words): F(Heavy Oil), ] 2+ = 7] (Droplet Size), &7 % (Kinetic Viscosity), & 2 (Combustion)
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Table 1 Experimental variables and their
levels
Variables Levels No. of level
Pressures, MPa 1.57, 1.96, 2.35 3
(kg/cm?) (16, 20, 24)
Temperatures (C) | 70, 100, 130 3

Table 2 Characteristics of heavy 0il A and C

Item H.eavy eravy
oil A oil C
Pour piont () -12 v 12
Gravity, APl at 60C 28.0 16.4
Density, kg/L at 15C 08867|  0.9502
Viscosity, kin, cst at 50C 8.791 402.1
Components (%)
C 83.01 85.34
H 18.59 12.49
N 0.07 0.11
02 0.35 0.2~1
S 0.5 0.5
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Fig. 1 Experimental set-up for droplet size
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Droplet size (um)
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Table 3 Combustion characteristics of heavy oil A in the different temperature and pressure

Temp | Viscosity | Pressure Excess CO, cO 0, Flue gas | Efficiency| Droplet
(C) (cSt) (MPa) air ratio (%) (ppm) (%) temp. (%) (%) size ( um)
1.57 1.46 10.8 26 6.6 196 918 89
50 104 1.96 1.26 12.4 24 45 216 92.1 79
235 1.14 13.8 23 27 224 92.5 74
1.57 1.61 9.8 14 7.9 240 884 86
70 79 1.96 135 11.7 13 54 245 90.1 76
2.35 1.2 13.1 13 35 250 91 73
1.57 1.72 9.2 24 8.7 212 894 89
100 5.7 1.96 1.42 11.1 31 6.2 238 89.9 87
2.35 13 12.1 17 48 237 90.9 82
- 1.57 1.7 9.3 20 86 223 88.9 98
130 43 1.96 1.48 10.6 19 6.8 234 90.3 91
235 134 11.7 19 54 212 91.7 80
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Table 4 Combustion characteristics of heavy oil B in the different temperature and pressure

Temp. | Viscosity | Pressure | Excess Co, CO 0, Flue gas | Efficiency| Droplet

(C) (cSt) (MPa) | air ratio (%) (ppm) (%) temp. (%) (%) size (um)
1.57 1.53 10.3 21 7.2 211 90.6 67
70 304 1.96 1.17 134 19 3.1 237 91.8 64
235 NOT AVAILABLE 58
1.57 1.37 11.5 11 5.7 240 89.8 62
100 13.7 1.96 1.28 12.3 10 46 255 90.2 57
235 1.11 14.1 10 22 261 912 52
1.57 1.55 10.2 10 74 239 889 63
130 79 1.96 1.35 11.7 7 54 251 89.8 56
235 1.24 12.7 4 4.1 212 91.7 54
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Table § Pearson correlation coefficients between the variables in the combustion of heavy oil A
and B (upper values in the cell is A oil and lower is B oil combustion)

Tempera- V1§m- Pressure I?xcegs co, co 0, Flue gas| Effici- Dr(.)plet
ture sity arr ratio tm ency size
T -
empera-| |
ture
Visco- | —0.979
. 1.0
sity -0.99
0.0 0.0
Pressure | 053 | —0249 | 10
Excess 0.459 0.478 | —0.857 10
air ratio | 0.124 | —0.073 | —0.839 )
—0.485 0.502 0.853 | —0.99
1.
€O | 0139 | 0089 | 0843 | —0.99s 0
co —0.037 0.106 | —0.229 0.108 | —0.114 10
~0.91 0.941 | —0.492 0.211 | —0.183 )
o 0478 | —0.494 | —-0.858 0992 | —0.999 0.124 10
2 0.152 | —0.103 | —0.841 0.995 | —0.999 0.168 )
Flue gas 0.054 | —0.187 0.344 | —0.231 0.231 | —0.573 | —0.241 10
tm 0.145 | —-0.232 0.196 | ~0.402 0.406 | —0.255 | —0.404 ’
Effici- | —0.418 0.522 0.62 —0.806 0.796 0232 | —0.792 | —0.373 1.0
ency —0.42 0.434 0.689 | —0.735 4 0.740 0.171 | —0.746 | —0.275 )
Droplet 0.554 | —0.508 ; —0.742 0.862 | —0.875 0.338 0.876 | —0.333 | —~0.589 10
size —-0.556 0.612 | —-0.852 0.65 —0.642 0.795 0.634 | —0.456 | —0.246 ’
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Fig. 5 Relationship between CO, concentra-
tion and excess air ratio in the com-
bustion of heavy oil A and B.
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