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ABSTRACT

Analysis on the Combustion Characteristics of Swirl Flow

in the Oil Burner

Chang-Woo Choi

Department of Mechanical Engineering, Graduate School
Korea Maritime University

Busan, Korea

(Supervised by Professor Jaehyun Jeong)

This paper addresses the experimental and theoretical simulative analyses
of the combustion characteristics of swirl flow in the oil burner. High
efficiency combustion techniques of the industrial burner have been studied

to conserve environmental resources by reducing the exhaust emissions.

_Vi_



The swirl burner inserting swirling baffle is made with the same
dimension of the commercial wide burner. In order to make the swirl flow
of combustion gas the flow velocity of air keeps as 3m/s in the two
burners, and the water flow rates in the boiler are varied from 25 /min to
35 /min. The theoretical evaluation is carried out using the commercial
simulation program Fluent 6.0, and the number of simulation grids is
50,000. The simulation result shows that the air is well mixed with fuel,
along with the well developed swirl shape of flame in combustion chamber
of the swirl burner than the wide burner. The experimental results show
that the efficiency of the swirl burner has 40% higher and the emission of

CO, HC, NOx and Smoke are much reduced than the wide burner.
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N+ 02 - NO + O
N + OH —- NO + H

N:O &3t 4= 3 NO.& 53 NOAA

N2+O(+M)=N20(+M)

H+N-O=NO+NH
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H+NO2:=NO+OH

OH+NO2=NO+HO-
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2~ (low-excess—air firing), ¥ ¢ &4 4 (off-stoichiometric combustion),

v 7] 7k~ A <=3 (flue gas recirculation), 7}~ A9 2~ (gas reburning), &
A& W 5 FYW(water injection)5 o] Yo FTAHE HMyporE= &
W& AME S WY, F-AE Y, -89y, s SR s 2 Vs

g Zu] 3 (Selective Catalytic Reduction), ®] A&z Z=w] 3+
(Selective NON-Catalytic Reduction)¥ #& a4 T A
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Table. 2.1 Condition of simulation

Items Condition
Area (Dig#Length) 400 * 1350(mm)
Calculation Number of grids 5000071
) ) CATIA 5.7
Tool of grid generation
ICEM CFD
Solver FLUENT 6.0
Turbulence model k—e

) Reynolds average
Governing Eqgs .
Navier—Stokes Eq

Inlet velocity 3m/s

Boundary values
Out let pressure latm

_19_
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Fig. 2.1 A front section of swirl burner
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Fig. 2.2 Inlet and outlet velocity vector of swirl burner
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Fig. 2.3 Inlet velocity of swirl burner
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Fig. 2.4 An entrance section of swirl burnet
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Fig. 2.5 Sectional flow of swirl burner

Fig. 2.6 Whole flow of swirl burner
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Fig. 2.7 Interior flow of swirl burner

Fig. 2.8 Whole pressure of swirl burner
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Fig. 2.9 A front section of wide burner
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Fig. 2.10 Inlet and outlet velocity vector of wide burner
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Fig. 2.11 Inlet velocity vector of wide burner
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Fig. 2.13 Sectional flow of wide burner
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Fig. 2.14 Whole flow of wide burner
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Fig. 2.15 Interior flow of wide burner

Fig. 2.16 Whole pressure of wide burner
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Nozslae Nozzle

Air-intaksa Afr-intaks

<Swirl burner> <Wide spread burner>

Fig. 3.3 Comparison of nozzle geometries

Table 3.1 Test results

14 A G o A
a9 5t =3 $28mm
Al Lzt 2004. 05. 14
Al 4 1}
Eas 71%(KS R 1033) Al A
L. WA = 90+1.5% 91.43
2. FEHE 0.4kg/cm?*o) % 0.76
3. I8 0.1%°] 3} 0.03
4. AEAIZE 70% )3} 58.28
5. #8947 13emAqel’d 13.30
6. AEA4 Frgsof okt 1
7. F71% 2~5% 3.51
8. 5 7 0.20+0.030mm 0.196
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Fig. 4.1 Ignition flame shape swirl burner
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FIG. 4.2 Dimensions of swirl burner flame

10533C
1149°C

FIG. 4.3 Temperature distribution of swirl burner
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FIG. 4.4 Smoke scale of swirl burner
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Fig. 45 Exhaust fumes of swirl burner
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Fig. 47 Exhaust fumes of swirl burner
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Table. 4.1 Test results of 2-pass dry-back fire tube and flue boiler
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Table. 4.2 Test results of fire tube and flue boiler
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Fig. 4.9 Dimensions of wide burner flame
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Fig. 4.10 Temperature distribution of wide burner
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Table. 4.3 Test results of 2-pass dry-back fire tube and flue boiler
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Table. 4.4 Test results of fire tube and flue boiler

g S
m m_w (@) oC @) @] _nu o — o)
2 L2 lglale] « =08 <
@ Hl o~ s N o~ o — N
- (@)
= o
™ = \¥ S
CH R
o ol e M i
o 73 g [ 45 Lo
1i ﬁO EO m 1_ On_
e I B N IRV Y
o[ B ||| ol
| 9 ﬁ = |~ | Ne oo
< ¥z N T z
= | E {Jo
Nro
H
o}
=

_62_



IR

=

fe)

o

Hoz Hahslo] 39

A
p Y

_"

ol 2

=

3}

1

.

L, 48wy

=

o

3 U s 3g MU el 3

Ea

ol WAl =4
A
Lo A

=

bof el ol

0l

=

ol
Ho
o

Swirl

of o w7

=

o

= o)

=

] U 7E A8 wdel BlsiA Y

=

o

£

[T A

)

=13
=

o= =

N
o
;On_

) ¥ o84 o]

=

fe]

£

&l

H] 1l 8] B

o
=

J

®:

F8EAT W=

AL
;OO
—~o

o
A

I skl %3t

0] 5

NOx

af

AN g WU HlE wo] v

TFAZE A3 AL

Bl

E
=

17

o)
2PN

FaL, W) 7bs e S el Wrhge &

°

s 2k o] ol 2E7F A &

&)

o)
=

o )
92 Ag

=
A 7E Al st E

ol A 2d WuzE A8 Byl H

Al
™

i

0]
“

o
I ARA 2AF

3=
A

A
pu

Y

uj 7] 7} 2ol

]

2 9 AAx, =
2

LR a2

(

F

boldeh @

3
pul

<k

4

X
M

Aol 3le] A

_68_



Table. 4.5 Comparison of 2-pass dry-back fire tube boiler

T Swirl burner Wide burner
Az v =F (Lh) 7.89
a& 70% 55%
w77 As 238°C 305°C
=537
o 2 o] () 400 * 1350
e T T 6= mm
FeAd T 50 100
(30°C™80°C) 2 g5 A 7H(s) 444 712
29 dx= () 0.97 1.56
HC(ppm) 0 44
NOx(ppm) 0 14
7] 7k 2= 02(%) 11.41 16.80
AEEA CO2(%) 2.6 7.0
(33 W) CO(%) 0 0.3
7R E 2 2
Smoke (%) 1.5 15

40

30

20

10 H

I Swirl burner
[ Wide burner

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

CO2(%)

CO(%) Smoke(%)Z2| 02! &

Fig. 4.15 Comparison of exhaust fumes
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Table. 4.6 Comparison of a simple cylinder boiler

T Swirl burner Wide burner
SR e (l/h) 7.89
a5 61% 45%
W71 7k &% 251°C 366°C
=537
o o) 72 o) (mm) P00 1200
A d =57 30 140
(20°C~70°C) 2= Z=4 5 A ZEH(s) 723 1231
A28 dAg# (]) 1.58 2.69
HC(ppm) 20 70
NOx(ppm) 4 15
o 7] 7k 02(%) 8.6 155
AEEA CO2(%) 5.4 2.5
(33 B TF) CO(%) 4.1 0
SR E 2 2
Smoke (%) 35 35

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

I Swirl burner
[ Wide burner

CO2(%)

CO(%) Smoke(%)=71 2 &

Fig. 4.16 Comparison of exhaust fumes
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