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ABSTRACT

Analysis on the Combustion Characteristics of Combustion

Chamber with Swirl Type Oil Burner

Young-Hwan Kim

Department of Mechanical Engineering, Graduate School
Korea Maritime University

Busan, Korea

(Supervised by Professor Jaechyun Jeong)

This thesis addresses the experimental and theoretical analyses of
combustion chamber with swirl type oil burner. High efficiency combustion
techniques of the industrial burner have been studied to conserve
environmental resources and to reduce the exhaust emissions. The
experimental test concentrated upon the flame behaviors of the commercial
and swirl burners. In order to compare the behaviors of the two different

designed burners, the swirl burner was modified with inserting swirling

_Vi_



baffles into the inlet of commercial wide burner. The flame movements
were visualized, and the flame temperatures were measured. The flame
shape of the swirl burner was rather wider than that of the commercial
wide burner. The theoretical evaluation was carried out using Fluent 6.0
and CFD codes. The simulation conditions were the same as those in
experimental work. The numbers of grids used in Fluent and CFD
calculations were 50,000 and 250,000 respectively. The results showed that
swirl burner is more effective than commercial wide burner. Swirl burner
make a straight excellence flame performance in the furnace and
combustion efficiency rise almost 40 percent. Also noxiousness exhaust

fumes are decreased especially NOx and HC.
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K-Type Thermocouple |

Exhaust

+ Thermocouple “:i'

Burner

Fuel ! |

tank |

Drain Valve

Fig. 1.1 2-pass dry-back experimental setup
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Table 1.1 The performance of swirl burner at the full open condition and

flame temperature of 765 oC

exhaust exhaust fumes i
Smoke T1 T2 AT consur_nptlon
gas(T) (mean value) oil
HC 973.5ppm
NOzx: 42ppm
mean value
Of‘ 0O, 9.22%
four times o . . .
measurements 19.4°C| 285°C | 9.1°C 251°C 4.25 I/h
Co, 5.85%
(44%)
co 4.3%
A 1.3425

Table 1.1 The performance of swirl burner at the half open condition and

flame temperature of 763 oC

exhaust | exhaust fumes i
Smoke T1 | T2 | AT 2 a consumption
gas(T) (mean value) oil
HC 71.25ppm
mean value NOz Oppm
of
four times o . o . 0, 16.565%
measurements| 20-1 C | 287°C | 86°C 366°C 41 I/h
CcO, 3.15%
(5B%)
co 0.2%
A 2.0
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Table 1.3 Oil consumption and heating time for swirl burner

Heating time for 60oC increase

Smoke

cooling water

oil consumption

heating time

mean value
of
four times
measurements

(44%)

19.4°C

273 1/h

60°C 41min 30s

Table 1.4 Oil consumption and heating time for wide burner

Heating time for 600C increase

Smoke

cooling water

oil consumption

heating time

mean value
of
four times
measurements

(5%)

20.°C

4.33 i/h

60°C 64min 22s

_14_
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Table. 2.1 Tools of simulation

Items Condition
Area (Dia*Length) 400 * 1350(mm)
Number of grids 50000
. . CATIA 5.7
Tool of grid generation
ICEM CFD
Solver FLUENT 6.0
Turbulence model k—e

) Reynolds average
Governing Egs.

Navier-Stokes Eq.

Inlet velocity 3m/s

Boundary values

Outlet pressure latm
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Fig. 2.1 Front view of swirl burner

Fig. 2.2 Front view of wide burner
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Fig. 3.1 Shapes of ignition flame using wide burner
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Fig. 3.2 Temperature distribution of flame for wide burner
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Fig. 3.3 Dimensions of flame for wide burner
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Fig. 3.4 Shapes of ignition flame using swirl burner
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Fig. 3.5 Dimensions of flame for swirl burner

10533C
1149°C

Fig. 3.6 Temperature distribution of flame for swirl burner
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Table 3.1 Comparison of swirl burner and wide burner for

2-pass dry-back fire tube boiler

Item Swirl burner Wide burner
Efficiency 70% 55%
Exhaust fumes temperature 238°C 305°C

Furnace size

400 == 1350 , 500 =* 1200

Furnace Dia(mm)#*Length(mm)
temperature Furnace volume(l) 100
heating test Heating time(s) 444 712
from 30°C to 80°C
Oil consumption(l/h) 0.97 1.56
HC(ppm) 0 44
Chemical NOx(ppm) 0 14
components of 02(%) 11.41 16.80
exhaust fumes CO2(%) 2.6 7.0
(3times mean) CO(%) 0 0.3
Smoke (%) 15 15

40 -

30 4

20 4

10

B Swirl burner
[ Wide burner

HC(ppm) NOx(ppm)

02(%)

CO2(%)

CO(%) Smoke(%) Excess air(%)

Fig. 3.7 Comparison of exhaust fume (2-pass dry-back fire tube boiler)
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Table 3.2 Comparison of swirl burner and wide burner for

fire tube and flue boiler

Item Swirl burner Wide burner
Efficiency 61% 45%
Exhaust fumes temperature 251°C 366°C
Furnace size
500 = 1200
Furnace Dia(mm)#*Length(mm)
temperature Furnace volume(l) 140
heating test Heating time(s) 723 1231
from 30°C to 80°C
Oil consumption(l/h) 158 2.69
HC(ppm) 20 70
Chemical NOx(ppm) 4 15
components of 02(%) 8.6 155
exhaust fumes CO2(%) 5.4 25
(3times mean) CO(%) 4.1 0
Smoke (%) 3.5 35

HC(ppm) NOx(ppm) O2(%)

CO2(%)

I Swirl burner
[ Wide burner

CO(%) Smoke(%) Excess air(%)

Fig. 3.8 Comparison of exhaust fumes (fire tube and flue boiler)
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Air inlet

Fan

Nozzle

Swirl burner

Wide burner

Fig. 4.1 Comparison of nozzle geometries

Table 4.1 Configuration of Furnace definition

Air inlet

Nozzle

Fan diameter 110 mm
Fan thickness 1 mm
Furnace diameter 470 mm

Furnace length 650 mm
Furnace thickness 2 mm
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Fig. 4.2 Computational domain
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Fig. 4.3 Computational mesh on the fan
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Fig. 4.8 Velocity distribution at mid-section (side view)
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