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Studying the effect of the main air blade angle
on the combustion characteristics and heat
distribution of a swirl burner using numerical
simulation

Haitham Hasan® Eyad Dabboura® Alaa Nofl®

Abstract:

A numerical study of the natural gas combustion process in a
swirl burner was performed using computational fluid dynamics
(CFD), in order to verify the effect of the angle of the main air
blades on the performance of the burner in terms of heat
distribution and pollutants emission (CO; CO,), where the angle
of the blades was changed to three different angles
(55°; 50°; 40°) from the designed angle of the burner (45°), as
the simulation was performed using the code (ANSYS Fluent).
The results showed that the angle of the main air blades has a
great effect on the shape of the flame, as with the increase in the
angle of the blades, the diameter of the flame increases in the
radial direction and the axial length decreases, which helps to
complete the combustion process completely and the possibility
of absorbing the largest amount of heat from the walls of the
combustion chamber. The results concluded that the 55 degree
angle is the best in terms of emissions, as it achieved the lowest
CO ratio and the highest C0, ratio at the outlet of the combustion
chamber.

Keywords: CFD, Main air blades angle, Natural gas, Swirl burner,
Heat distribution, emissions.
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Adhia o4 oSl and alias) Badl s il o lggdl calpa il dalian Uy )
sda b AL auSY) 550 anad Gl s a5ryy byl 3hall alal GlyaaY)
g s 138 (0380 2l U ) (Sl 2 gl gt dal (e dilaiall
I s 2235 ¢3N] Byaal byl laad) die 4t 52l Jaadl L ([10]
e elyedl s ) Aahaiall oda JSE (a5 sl e sale) dslaie JS5

cosoSl) 2l B Sl S e ae by e Y e gsing 3l (i)

Co2.Molar Concentration
Sections CO2

7.599e-001
6.966e-001
- 6.333e-001
5.699e-001
5.066e-001
- 4.433e-001
3.800e-001
3.166e-001

40°
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(%) Adlida g5 die 0ol sl AU agl) Agal) pusl)
(M) GliaY) saal 5)snall olail e il Ly
Gia¥laa zyaa | 4 3.5 3 2.5 2 1.5
8.74 8.827 | 8.94 | 9.009 | 9.055 | 9.068  9.023 | 40°
8.78 8.757 | 8.811 | 8.961 | 9.019 | 9.043 | 9.028 | 45°
8.796 8.787 | 8.776 | 8.793 | 8.936 | 8.984 | 8.984 | 50°
8.832 8.822 | 8.812 | 8.795 | 8.806 | 8.889 | 8.941 | 55°

tmi)l) £ logd) chidd Adlida Llg) de GsuSl sst J4f S8 585 -3-4
Clane ool iy A 5355 A uleal aal e sSI 20l ol Sle 385 ey
il dumitie Sl A il Ll adl s caadiiusal) 3lpal sl ol 3l
Lodic SLalS Gl ;5Sss ¢ ST 3o L€ culd Glyiay) alUai ol deaiiaall culhall
sad) Sull G A (14) Ja 8 L) ass )l G+ shs 50S 5 dad als
elell bl ddbiae Ulg) sie 3haaV) syaa Jslas 03l anasl U ol
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Furnace length [m]
i Ug) vie @) aa Jshs OsSU 2l J5Y angl) Jsad) 5uSll oy 4l 2(14) JSal
sl elsel) i)
vie Gy syaa Jals sl 2l J¥ Jsall 50850 o565 (15) il yelay
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e (S Adkial ¥ Adhiall oda 8 S IS8 GaanSY) @Dl iy ua
Bas Ghaa¥) syaa L A S8 ity o3 cras o[10] ae ol 12a5 <3
@l VAl a3 miiie 3S5 ad o) Laadldl s (3l dlee ALy
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40°

Co.Molar Concentration
Sections CO

2.215e-001
= 2.030-001
" 1.846€-001

| 1.661e-001
" 1.476e-001
[ 1.292e-001
| 1.107e-001
[ 9.228e-002
- 7.382e-002
- 5.537e-002
3.691e-002
1.846e-002

- 0.000e+000
[mol m”-3]
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0.5 M axy Aes 355045540 iy o lsp hid 4y9ly o (0.12 %) canly
ae VA pen 8 0sSl 2] U le A (bt Jaadl ple (g
G Aapd 55 elsh chid Ayl ae i) aie il €l A Jal (o Adaadle
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Jal e oSen iy S8 i€ gpal) of () 3 G agasy SlalS 4 (35!
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) el dlee (58] VAL 4Haall Gl paY)
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(M) GliaY) syaal gysmall olaty) e dilidl L
Gl sas mydka 3 2.5 2 1.5 1 0.5
0.01 0.042 | 0.042 | 0.045 | 0.059 | 0.089 | 0.12 40°
0.007 0.047 | 0.045 | 0.046 | 0.056 | 0.085 | 0.12 45°
0.006 0.054 | 0.054 | 0.045 | 0.049 | 0.071 | 0.112 | 50°
0.005 0.029 | 0.045 | 0.051 | 0.048 | 0.05 | 0.079 | 55°
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Wall Heat Flux
1.381e+001

1.969e+000

-9.871e+000
-2.171e+001
-3.355e+001
-4.539e+001
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Wall Heat Flux
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95.38 102.5 | 107.7 | 107.2 | 89.83 194.1 40°
84.45 90.48 | 99.27 | 112.3 | 98.97 195.4 45’
76.02 81.59 | 89.47 | 111.3 | 113.4 201 50°
70.57 73.74 | 80.46 | 99.81 | 114.2 216.5 55°
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