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Table 2. Inlet boundary conditions [17, 18]
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Annular flow: Air

Jet flow: Methane
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Fig. 1. Schematic views of the burner and its air and
fuel channels (based on the information provided by
[17,18])
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Tablel. The geometric data of the case study (dimen-
sions are in mm) [17, 18]
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Fig. 2. Computational domain and boundary conditions
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Fig. 4. Comparison of some turbulence models based
on the radial velocity on the line perpendicular to the
axis and at a distance of 2mm from the bluff body
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Fig. 3. Solution mesh independency study based on the
radial velocity on the line perpendicular to the axis and
at a distance of 2mm from the bluff body
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Fig. 5. Comparison between the present simulation and the experimental data of Yiheng et al. [17,18], in
terms of radial velocity on the line perpendicular to the axis and at a distance of 2mm from the bluff body. a)
for air inlet velocity of 5.84m/s and a distance of 0mm between bluff body and air inlet. b) for air inlet veloc-
ity of 5.84m/s and a distance of 10mm between bluff body and air inlet. ¢) for air inlet velocity of 7.84m/s and

a distance of 10mm between bluff body and air inlet
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Fig. 6. Contours of methane molar fraction under cold mixing conditions for air inlet velocity of 3.75
m/s and bluff body thickness and radius of Smm
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Fig. 7. Methane molar fraction on the axis under cold mixing conditions for air velocity of 3.75 m/s
a) the effect of bluff body thickness b) the effect of bluff body radius
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Fig. 8. Oxygen molar fraction on the axis for different
bluff body dimensions and air velocity of 3.75 m/s
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Fig. 12. Methane molar fraction on the axis for different bluff body geometries and for air velocity of 3.75 m/s
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Fig. 13. Methane molar fraction on the axis for different bluff body locations and for air velocity of 3.75 m/s a)
cold mixing b) hot mixing (reaction is activated)
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Fig. 16. Streamlines for different air velocities under cold mixing conditions. a) for air
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Fig. 18. Contours of temperature for different air inlet
velocities. a) for air velocity of 3.75 m/s. b) for air ve-
locity of 4.5 m/s. ¢) for air velocity of 6m/s
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Fig. 17. Methane molar fraction on the axis under hot
mixing conditions (considering reaction) for different
air velocities

bl oo (lpale casgml ol 5l B Fed clach S
LM bl s ) lo g Chow yipo bAS! g lga bhwg Chow yino
g odd JWb I g cdgw e (ESly (isu ol 53 Canl 0ad 35
OB e 59y e (9o g Slpess 25 (o0 )8 (o) )90 S
oS jslailan .l odal > iles 4 VWY S 55 @glite (lacas yur (sljla
138 5Vl (slace o sliley e (Jgo S ing o €8l 25550 o20e
Wil oo e bW ol b sallad )0 3las] ) .ol Dgpiieo
2 (83955 slon iz slace pw (il bod jlyian bglas uan
Slod ey 395 0 0dnlie oS jalailen .Cawl ol 0dld Lis VA JSS
@S SYoleo Jaialads | ogd oleS alad &S Conl 0l Coge i
W) oolasiwl 350 Jdo j3 slypinl 5 SIV=Y sy 40 dS jalailan
LM ¢ 5o 39 o S g dgdme  Sxas] bMis Lawgs ( glasls 5

ol odd dlass js0lisS cplply o 3yl &5 ol 4 e g

Gge -0
Slo 53553 oo 5 olal b pp Ban b il adlla
S 98 dlad G g0 (giludnd & Jadoju > S Sund
Co Gy d‘)lé.» 9 (82)90 e ggq ubw‘ L ol 0 4»}]3))

Blo e slacuelbes il (sjloans @glpyie Ve byl cogw



Sl e

b ol e @

(m's™) i 655 Bl Er &
(kgms™) Salos g5 5 H
IRTINCS PROWIEFIE A W ROV S
Waos 5T a3 S 58 sl 5
(kgm™) &

(Wm K ™) by, ol ool @

4

<

(mi\)L)':"i“"".}"p O-s -

(87) (Sehtl tior 5350 S0l o yarie 5 @

L s 5L

LS Il S '
L 25

s 685k

o5l P

oMJJiZSU R

was] t
&lo

[I] C.K. Law, Multicomponent Droplet Combustion,
Combustion Physics, New York: Cambridge University
Press (2006).

[2] J. Warnatz, U. Maas, R.W. Dibble, Combustion,
Heidelberg: Springer (20006).

[3] J. Conti, et al. International energy Outlook 2016 with
projections to 2040, Washington DC, USA (2016).

[4] K. M. Kundu , D. Banerjee, D. Bhaduri, On flame

stabilization by bluff- bodies, Journal of Engineering for
Power, 102 (1980) 209-214.

[5] H. K. Ma, J. S. Harn, The jet mixing effect on reaction
flow in a bluff-body burner, International journal of

heat and mass transfer, 37(18) (1994) 2957-2967.
[6] R.W. Schefer, M. Namazian, J. Kelly, M. Perrin, Effect

A odalie ypisted Cunl 0l e ) (gyitg lgp g CAgw LIS
g ooglgn g Cogw LWSI 53 S50 olo j glo (S Cusbye oS
Ipn JUS (295 5] Ble siolio B 1S ool syt 390 350 o
L;I)'ld.g) 83959 Lglyb sy i b Ll 005 g0 Iy bMas| Oy
oS E P YL sy > oS ol i gt (Cé guw o ol s puo
Srae e olie sl 03,5 Iy (ialS ()E Hee g9y Olie Jge
Ol bkt & oo b puiomad ol 4Bl yialS alad Jobo g 0l
5 o Ao dbzm\.g]))f &S 0 sdalie ol é'sla @]y 3 045 )
loce o (Gile 4l goligS dad Jsb g 559 VL sl o
adbais ‘_ﬂ)‘)é)’\ SSsl g Coaw yipe o abla] o i (slea

ol 0 STy

e s i —F

Slals S Ol Je ool A B

s D

<kJ.kg“ ) T h

(Wm™) b s I
(Wm'K) 5l > colus oo o K
(m's™) Sl Grorm 35 K
(kgkmol™) Jyp > M

CnSd 2 n

(Pa) L5 p

J':J\ﬁ Sle Pl"

(kmol.m™.s7)b pme L A5 2l #5 R

Q&a )‘JJ_.' V4
Ca-@?.- )‘Jﬁ S
Saasl caedl sde Ser
K)lor slos T

(ms™) 0L > Lav g oo

P S Y

£441



FAA B FAAY doxio VFe v Jlo A oyled OF 593 ¢y prol CSilSlo (wrbies &y yii

recirculation zone and ignition position of non-premixed
bluff-body for biogas MILD combustion, International
Journal of Automotive and Mechanical Engineering, 8(1)
(2013) 1176-1186.

[16] Z. Wang, et al., LES investigation of swirl intensity
effect on unconfined turbulent swirling premixed flame,

Chinese science bulletin 59 (33) (2014) 4550-4558.

[17] T. Yiheng, et al., Experimental Investigation on the
Influences of Bluff-Body’s Position on Diffusion Flame
Structures, ASME Power Conference (2017) POWER-
ICOPE2017-3090.

[18] T. Yiheng, et al., Effects of the position of a bluff-body
on the diffusion flames: A combined experimental and
numerical study, Applied Thermal Engineering 131
(2018) 507-521.

[19] S. F. Mousavi Kolousforoushi , J. Mahmoudimehr,
Influence of Burner Head Design on Its Thermal and
Environmental Characteristics, AUT J. Mech. Eng., 2(1)
(2018) 27-38.

[20] N. Peters, Turbulent Combustion, Cambridge University
Press, Cambridge (2000).

[21] T. Poinsot, D. Veynante, Theoretical and Numerical
Combustion, Edwards Press (2005).

[22] A.Bahari, K. Atashkari, J. Mahmoudimehr, Multi-
objective optimization of a municipal solid waste gasifier,
Biomass Conversion and Biorefinery, (2020) 1-16.

[23] ANSYS Fluent User's Guide, ANSYS, Inc. (2016).

[24] A. Karl, J. Chi Hung Fung, An improved SST k— ®
model for pollutant dispersion simulations within an
isothermal boundary layer, Journal of Wind Engineering
and Industrial Aerodynamics, 179 (2018) 369-384.

[25] H. Sheikhani, H. Ajam, M. Ghazikhani, A review of
flame radiation research from the perspective of factors
affecting the flame radiation, measurement and modeling,
The European Physical Journal Plus, 135(4) (2020) 343.

[26] F. Kulacki, Handbook of Thermal Science and
Engineering, Springer, (2018).

[27] D. Poitou, M. El-Hafi, B. Cuenot, Analysis of Radiation

£44y

of confinement on bluff-body burner recirculation zone
characteristics and flame stability, Combustion science

and technology, 120(1-6) (1996) 185-211.

[7] I. Esquiva-Dano, H. T. Nguyen, D. Escudie, Influence of
a bluff-body’s shape on the stabilization regime of non-
premixed flames, Combustion and Flame, 127(4) (2001)
2167-2180.

[8] L.K. Sze, C. S. Cheung, C.W. Leung, Temperature
distribution and heat transfer characteristics of an inverse
diffusion flame with circumferentially arranged fuel
ports, International Journal of heat and mass transfer,

47(14-16) (2004) 3119-3129.

[9]1 A. Sobiesiak, J.C. Wenzell, Characteristics and Structure
of Inverse Flames of Natural Gas, Proceedings of the

Combustion Institute, 30(1) (2005) 743-749.
[10] P. Hariharan, C. Periasamy, S.R. Gollahalli, Effect of

Elliptic Burner Geometry and Air Equivalence Ratio on
the nitric Oxide Emissions from Turbulent Hydrogen
Flames, International Journal of Hydrogen Energy, 32
(8) (2007) 1095-1102.

[11] P. Kumar, D. Mishra, Effects of bluff-body shape on
LPG-H 2 jet diffusion flame, International Journal of
Hydrogen Energy, 33(10) (2008) 2578-2585.

[12] H. S. Zhen, C. W. Leung, C. S. Cheung, Thermal and
Emission Characteristics of A Turbulent Swirling Inverse
Diffusion Flame, International Journal of Heat and Mass

Transfer, 53(5-6) (2010) 902-909.

[13] D. Ashoke, S. Acharya, Parametric study of upstream
flame propagation in hydrogen-enriched premixed
combustion: Effects of swirl, geometry and premixedness,
International journal of hydrogen energy, 37(19) (2012)
14649-14668.

[14] S.A. Hashemi, N. Hajialigol, K. Mazaheri, and A.
Fattahi, Investigation of the effect of the flame holder
geometry on the flame structure in non-premixed
hydrogen-hydrocarbon composite fuel combustion,
Combustion, Explosion, and Shock Waves, 50(1) (2014)
32-41.

[15] M.M. Noor, A. P. Wandel, T. Yusaf.,, Analysis of



[28] M. Rasouli, J. Mahmoudimehr, Minimization of the Modeling for Turbulent Combustion: Development of
Emission of Pollutants along with Maximization of a Methodology to Couple Turbulent Combustion and

Radiation from An Air-Staged Natural Gas Flame, Radiative Heat Transfer in LES, Journal of Heat Transfer,

American Society of Mechanical Engineers, 133(6)

(2011) 062701.

Modares Mechanical Engineering 16 (7) (2016) 207-218

(in Persian).

o3 gl sl o ol 4 g
A. Asefi, J. Mahmoudimehr, Numerical Investigation of the Influence of Burner’s Bluff Body
on Air-Fuel Mixing and Reaction, Amirkabir J. Mech Eng., 53(9) (2021) 4981-4998.

DOI: 10.22060/me;j.2021.18906.6915

£444A



