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Table 1- Solver and model parameters used for Computational study

Parameter Schemes Used
Solver Pressure-Based, Absolute, Steady, and 3D
Models Energy: On

Viscous Model: Standard k-omega (2 Egn.), Low Reynolds
Correction, Shear Flow Correction
Species Model: Partially premixed Combustion, Non-Adiabatic

ot (5,8 Lid (g5 9 S (6399 £95 5w A (79> «839)9 40 Ans (50 Ll pd (Y gu2) Bullae
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Table 2- Boundary Conditions of Computational study
Parameter Conditions
Inlet Velocity-inlet: 5m/s, Supersonic/initial gauge pressure: 10000 Pa
Turbulence Intensity: 25%, Hydraulic Diameter: 14mm
Species Mean Mixture Fraction: 0.034
Outlet Pressure-outlet, Backflow Progress Variable: 1
Wall Stationary Wall-No Slip

ol Jo sl yelyl Y Jgu
Table 3- Flow parameters

Parameter Value
Equivalence ratio of fuel and oxidizer (¢) 0.65

Fuel CH4

Oxidizer 79% Ny +21% O,
Operating pressure 101325 Pa
Velocity inlet 5 m/s

Inlet temperature of fuel and oxidizer mixture 300 K
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Table 4- The Solution Schemes Used for Combustion Study

Parameter Solution Schemes
Scheme Used Simple
Spatial Discretization Pressure: PRESTO!

Momentum: Second-Order Upwind

Turbulent Kinetic Energy: Second-Order Upwind

Turbulent Dissipation Rate: Second-Order Upwind

CH,/O,/CO,/H,0/Pollutant NO/ Energy: Second-Order Upwind
Solution Initialization Hybrid Initialization
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Figure 3- Experimental test swirlers
@8 Glejl souils yr - U

&5 gl 0 swyp Oy90 00l e cwade Olasin -0 Jgus

Table 5- Characteristics of the swirler examined in the experimental test

swirler L Blade thickness L R
1 3.3 3.7 0.38 0.47
2 3.9 3.1 0.45 0.55
3 45 25 0.52 0.64
4 51 1.9 0.59 0.72
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Figure 5- Low swirl burner of present study and schematic of

Figure 4- 3D printed swirler NO.3 burner main parts
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Figure 6- Comparison of numerical and experimental results
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Figure 7- Velocity magnitude of swirlers in cases (b), (c) and
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Figure 8- Velocity magnitude of swirlers in cases (a), (d) and
(e)
(e) 9(d) «(a) WY 40 bousils yo e yuw 29385 — A JSCS

f : it 1;\\'/.*/
| W 1 ;I“
i ;.‘.\' b
LD \'\H
=l R
'y TR/ / \
TANYA
l‘/ / \ |
| ! ‘i
L | A
{ \
\ I3 1\
I \
L (/1 \
| |5 'QR o
(©

Figure 9 — Velocity streamlines in two swirlers (a) and (e)
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Figure 10- Velocity magnitude in cases (b), (c) and (e)
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Figure 11- Velocity magnitude in cases (a), (d) and (e)
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Figure 12- The amount of current vorticity in cases (b), (c)
and (e)

() 9(0) «(b) Yl 15yl y2r (S 52 (lime -V S5

el 0015 &y JUI sl e 45 5 Sy &5

3000

2500

2000

1500

1000

Vorticity magnitude (1/s)

500
TR ST (TR SY ST (TS ST N S SN STS R SR R
0.02 0.03 0.04 0.05 0.06 0.07
Position (m)
Figure 13- The amount of current vorticity in cases (a), (d)
and (e)
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Figure 14- Pressure distribution in cases (b), (c) and (e)
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Figure 15- Pressure distribution in cases (a), (d) and (e)
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Figure 20- The average vorticity of flow in different states
of arrangement of holes
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Figure 21- Maximum temperature in different cases of
arrangement of holes
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Figure 22- Rate of product’s formation in cases (a), (b), (c), (d) and (e)
(€) 5 (d) (C) « (b) « (a) =Yl> > alais dguss —YY JSis

AR



o2l o (G40 I« cwsb 56 pobi 3143

Figure 23 - Flame angle measurement criteria
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Table 6- Place of stability of the flame and its angle

swirler Flame position o B
a 67.8 mm 66° 43°
b 59 mm 70° 36°
c 61.5 mm 69° 37°
d 61.8 mm 65° 40°
e 59.2 mm 69° 35°
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Figure 24- Maximum NOy emission in different cases of
arrangement of holes
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Figure 25- Rate of nitric oxide (NO) concentration in cases (a), (b), (c), (d) and (e)
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In this article, an investigation is conducted into the impacts arising from variations in the configuration of apertures
within a perforated plate employed in the context of low-swirl premixed combustion. To this end, a four-blade
burner characterized by a radius of 7 mm is employed, along with a perforated plate possessing a radius of 4.5 mm.
The blockage ratio, held at a constant value of 0.88, encompasses a set of 9 orifices, each explored across 5 distinct
configurations. Computational analysis is executed utilizing the Ansys Fluent software, encompassing the resolution
of the three-dimensional Navier-Stokes equations coupled with the k-o standard turbulence model. Within this
study, the role of oxidizer and fuel is played by air and methane respectively, under an equivalence ratio of 0.65. The
outcomes of this investigation reveal a notable constancy in the general flow behavior despite the altered orifice
arrangements. At the same time, the maximum total temperature and the average flow rotation change by 1% and
3%, respectively. In addition, in the flame formation area, the location and angles of the flame are changed by 17%,
7% and 19%, Furthermore, a downward shift of the flame by 8.8 mm is discerned consequent to modifications in the
spacing between apertures within the perforated plate. Additionally, from an emissions mitigation perspective in
combustion processes, it is noteworthy that there exists a discernible disparity of approximately 12% between the
maximal and minimal levels of nitrogen oxide emissions generated.

Keywords: low-swirl burner, perforated plate, blockage ratio, numerical simulation, premixed combustion
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