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Abstract

Most researches regarding emulsified fuel were in the areas of emulsifier, emulsified fuel manufacturing
and emulsified fuel droplet combustion, but there were little papers published regarding emulsified fuel
combustion and boiler efficiency in an industrial boiler. The main purpose of this study is to clarify whether
improvements in the boiler efficiency and the reduction of pollutants such as CO, NOx, SOx and smoke exist
or not when emulsified fuels are combusted in the commercial boiler. Main experimental parameters were
water content in heavy oil , excess O,, and boiler load. The fuels used in this experiment were 0.5 B-C, and 5
kinds of 0.5 B-C/water emulsified fuels. The combustion characteristics of heavy oil and its emulsions with
water were investigated in an industrial boiler. The combustion stability was monitored and exhaust gases
such as CO, NOx, SOx and smoke were measured with excess O, and combustion load. In case of emulsified
fuel combustion, flame stability was poor and boiler efficiency was lowered by 1.6~5.7%, but emission levels

of CO and smoke were improved.
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Fig. 1 Schematic of boiler system used for
emulsified oil combustion
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(a) Bunker-C Oil(Load: 59%, Excess Oy: 2.9%)
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(¢) Emulsified Fuel(Load: 61%, Excess Os: 2.9%)
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(b) Bunker-C Oil(Load: 69%, Excess O,: 2.9%)
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(d) Emulsified Fuel(Load: 74%, Excess O,: 2.9%)

Fig. 2 Characteristics of boiler operating parameters
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Table 1 Fuel specifications of Bunker-C oil and 5

kinds of emulsified fuels.
Bunker-C | *EF.1~
] oil EF3 EF4 E.F.5
Sp. Gr., 15/4C 0.9322 0.9472 0.9422 0.9347
Flash Point, C 102 - - -
Sulfur, wt.% 0.45 0.38 0.39 0.41
Saybolt
Viscosity, 218 178 175 164
cSt@30T
Water Content, - Ww:269 | w252 | w173
vol.%
G.H.V, kcal/kg 10,643 7,534 7,651 8,544

* E.F.1~5: Emulsified Fuel 1~5
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Fig. 3 Combustion characteristics of a boiler with
combustion load
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Fig. 4 Combustion characteristics of a boiler with
excess 0,(%) for a fixed load(70%)
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Fig. 5 Emission Characteristics with boiler load
at fixed excess 0,(2.9%)

HeHPAT FAAR d2AE ARFIUY 8
¥ Bt ARTFY Bk A Yol 23t
§ & A47 2SR

o Bunker-C %% #3A8 Qa9 W

Fig. 5
EAMS Yy #3958 dAaAlE Bunker-C
8 42 A$ ®H) COMEEFEI} 40~90% A

=2 #A3A A7E™, Bacharach Smoke No.&
3.0~60 FE FHAxUT ole &S ATlA
ey viel o] F3ldz o] dnbAHQd AAEA
o]t} 519 23] ¢O 2 Bacharach Smoke A 7S B
Aol F&Ho] B 3go] duHez Eob
g A Frl 2444 2A JERT Sox %
£ Bunker-C #$ #3459 A 2 A7} §l
on 3989 F G A JERHT. ol
A8 QAN EFFFH mE WU AAGHF F
Zl2 4% 3¥EFAR ddEn. NOx F&EE
Bunker-C % 94&A19 F3dzdLY B & A
o]7} 1 o™, Bunker-C H W44l NOx FE9|
W37t AstAl JeEben Fig 5 o 1 ¥3ES
L]—E}-LH giq_ (13, 16~18)

3.5 Bunker-C 72t R3l¢iRe 22| H&S

Bunker-C 9 33 d4A9 1Yy E5
&8 HREy] 9std 42 g SHA FFHEE A
L3t ool 23 dagd By Y4<
o g3 Rde$E Add 49 vE Fodt
Yo ¥ AD A5FHT due] wEF
ozdg gotg o gllon, RdHFZ A
g A7t7 TEE By {2 28 2%
g oty ogBE T 4 ATk Fig 69 BYH
B3 2 2% % Bunker-C 79 #3989



Efficiency (%)

100
—0—2.9% 02(B-C)

0 2.9%O02(EF)
——4.0% 02(8-C)
O 4.0%O02(EF)

Efficiency (%)
[o]
(o)

70 A ) A
50 60 70 80 90 100
Load (%)
(a) With load variations
100
O 61% Load(E.F.)
A 72% Load(E.F.)
80 ¢ O 74% Load(E F.)
!%.——. —A—58% Load(B-C)
o —#—70% Load(B-C)
g0 | gg o —8—85% Load(B~C}
EF4 EF1,3 —¥—100%Load(B-C)
EFS
EF2 EF4
70 EF1 . EF3
2 3 4 5
Excess 02(%)

(b) With excess Ox(%) variations

Fig. 6 Boiler thermal efficiency
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