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ABSTRACT: In this paper, the simultaneous study of the effects of the excess air ratio and the
combustion mechanisms on the temperature and distribution of species in the porous medium burners
with continuous porosity variation has been investigated. For this purpose, multi-step chemical kinetics
have been used and their effects on the temperature profile, mass fraction of the main species and
emission of pollutants for different values of the excess air ratio have been investigated. Problem-solving
equations include continuity equation, momentum equations, gas, and solid phase energy equations,
and the chemical equilibrium equation is solved using the finite volume method and the semi-implicit
method for pressure linked equations algorithm is used for the relationship between velocity and
pressure. The results showed that for excess air ratio of 1.5, the results of combustion mechanisms have
the same accuracy in predicting the temperature profile and mass fraction of the main species, and then,
for additional values of the excess air ratio, the results of the combustion mechanisms Show a slight
difference. This is while the greatest difference in the results is observed for the stoichiometric condition.
Also in stoichiometric conditions, the NO emission rate using the GRI-3.0 combustion mechanism is
predicted to be zero, and for the rest of the coefficients of the excess air ratio, its value will be of the
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order of magnitude 10°.

1. INTRODUCTION

Today’s, saving fuel and reducing pollutant emissions are
major goals for optimizing the performance of systems that
use fossil fuels. Combustion in a porous medium is one of
the new methods that are rapidly replacing by conventional
methods. In 2013, Mohammadi and Hosseinpour [1]
examined the effects of chemical mechanisms and wall
temperature on the performance of porous media burners
with constant porosity in the two preheating and combustion
zones. They found that chemical mechanisms would not have
many effects on the temperature profile, and as the chemical
mechanisms become fuller, NO emission levels will be
closer to the experimental values. They also found that by
increasing the wall temperature, the maximum temperature
and; consequently, NO emission of the burner output
increased. Mohammadi and Hosseinpour [2] continued their
research in 2014, to study the effects of porosity profiles on
the performance and emission of pollutants in the burner. The
results indicated that by applying the continuous porosity
profile instead of constant porosity in the two preheating and
combustion zones, the maximum value of the temperature
and hence the amount of NO emission in the burner output
decreases.

In 2017, Ganjalikhan Nasab et al. [3] studied the effects
of different parameters such as optical thickness, porosity
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coefficient, excess air ratio and propagation ratio on the
radiation efficiency in porous medium burners. They found
that by increasing optical thickness, because of the absorption
of energy by the solid phase increases, the radiation efficiency
also increases. As porosity increases, due to the reduction of
the specific surface area per unit volume of the solid phase, less
energy is transferred from the gas phase to the solid matrix,
which leads to Reduces the radiation efficiency. Furthermore,
with the increase of the excess air ratio and the propagation
ratio, the radiation efficiency decreases and by increasing
the excess air ratio, the maximum temperature as well as the
amount of CO and NO emissions in the combustion products
decrease.

In the present work, the combustion of methane-air
was studied in a two-zones of the porous medium burner
(Fig. 1) [4]. For the simulation of chemical kinetics, three
different mechanisms, including GRI-2.11, GRI-3.0 [5] and
a mechanism with 17 species and 58 chemical reactions
have been used and the effects of these mechanisms on the
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Fig. 1. A schematic of the understudy burner
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Determine the basic information about the type and number of species as
well as the type of chemical mechanism.

Calculation of the properties required to solve the problem,
including viscosity and density.

Determine the initial guess for all
dependent variables

—

Solve the velocity and pressure fields using the
SIMPLE algorithm

Solving equations of gas and solid phase energy and
chemical species conservation equation

Calculate new properties based on new variables, using the CHEMKIN
interpreter

Establishing the
condition of
coOnvergence

Fig. 2. Flowchart numerical simulation algorithm

temperature profile, mass fraction of species and emission
of pollutants have been investigated. Also, the effects of
the excess air ratio on the results of various combustion
mechanisms have been shown.

2. METHODOLOGY

In this paper, the governing equations including continuity
equation, momentum equations, solid phase energy equation
(porous matrix), gas phase energy equation and Species
conservation equations are discriminated based on the finite
volume method and pressure and velocity are coupled by
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Fig. 3. Gas temperature diagram using the GRI-3.0, GRI-2.11
and 17-species mechanisms for different values of the excess air

ratio [6]
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the Semi-Implicit Method for Pressure Linked Equations
(SIMPLE) algorithm. By using a multi-step reaction
mechanism, the resulting system of algebraic equations is
stiff and conventional iterative methods like Tridiagonal
Matrix Algorithm (TDMA) lead to divergence, to solve this
problem, the operator splitting method is used [1, 2].

3. RESULTS AND DISCUSSION

Figs. 3 to 8 show the gas temperature profile and various
chemical species for different excess air ratio and chemical
kinetics.
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Fig. 4. Diagram of the mass fraction of species using the
combustion mechanisms GRI-2.11, GRI-3.0 and the 17-species
mechanism for different values of the excess air ratio
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Fig. 5. Diagram of the mass fraction of CO, species using the
combustion mechanisms GRI-2.11, GRI-3.0 and the 17-species
mechanism for different values of the excess air ratio
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Fig. 6. Diagram of the mass fraction of H,O species using the

combustion mechanisms GRI-2.11, GRI-3.0 and the 17-species
mechanism for different values of the excess air ratio

4. CONCLUSION

= The highest levels of emissions carbon dioxide,
nitrogen monoxide, and carbon monoxide are related to
stoichiometric conditions.

= By increasing the excess air ratio, the amount of emission
of carbon monoxide and nitrogen monoxide is reduced.

= Inanexcessairratio of 1.5, the results of all three chemical
mechanisms GRI-2.11, GRI-3.0, and the mechanism
of the 17 species are approximately the same, and it is
possible to reduce the computational time by using 17
species mechanism instead of GRI-3-0. Because species
are reduced from 53 species to 17 species.

=  Under stoichiometric conditions, the amount of emissions
nitrogen monoxide using the GRI-3.0 mechanism is
predicted to be zero, and for the rest of the coefficients
of the excess air ratio, its value will be of the order of
magnitude 10 5.
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Fig. 7. Diagram of the mass fraction of NO species using the
combustion mechanisms GRI-2.11, GRI-3.0 for different values
of the excess air ratio
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Fig. 8. Diagram of the mass fraction of CO species using the
combustion mechanisms GRI-2.11, GRI-3.0 and the 17-species
mechanism for different values of the excess air ratio
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Table 3. Time of calculation for several combustion mechanisms and porosity profiles

:oélﬁl*u|é)5& )Jgﬁﬁalf Olasuie
Pentium ¥-Intel (R) ,Celeron(R),d CPU ¥/v.-GHz,Y GB of RAM
Jsl 45 yo e S5l ol Jsdss
4>l gl A 5 GialeyS iy 4>l ¥ b pilSe
Syl

va- AsY 3 3 GRI-Y/-

. . :) T-’ RI_
FA VoA _ 3 _§_ % GRI-Y/W
f0 O J : 45 VY

polie glp slaigS VY p3lse g GRI=Y/+ (GRI-Y/Y)
odsliv a5 jshiles aas oo lis 1) Slol slea cons alize
Pyl a5 5l skl b ool adgs sles Glie (it 358 o0
Somed GG O 5 5 Sl (6 e sl Ll (sl B
ol od oy ;Sle 5 (e &5 450 mhans lawgte LI slsa
PlLol Slgp Lo 5 alin JSS @ 425 bl 55tz
o b o5 3 5 ] 2l 1
B9 53 Gayb a9 0,5 esliinl F S8 slap S Sl Ol o0 g
) Slaslome plonil loj Sae ¥ Jgur w3503 (092 4dp0 4uja

Y Joaz 4y d>gi b oo oo lid walides Bl slop il (6l

\¢3

=L -A
o 3o 5o e —plie (sl g 3l pol IS o
48,5 18 addllas 590 (1 JS0) (slaemb 90 Jolitn Lo Jriio
Pl aw l plerd GSiiinw il ad @lp 5 ol
WL esilse 5 GRI=Y/+ (GRI=Y/V) ol il
b5 tl S 5 ol 00 ookl ot STy OA 5 4isS
3550 oun¥1 il g laaisS oy puS lod Jdoy 59, 2 o
Slop S SIS1 G cnl 5o Grizren Sl 4B 3 )
ool s il 31l slap5ilSe 51 Lol gl (s, 52 (3L

Sl o il 5l onliial b 515 slos g0 & S5 sl 0



A+ G50 axano ¥ JL‘*’ ) o)Lmi)‘M‘ a)5>‘):,§).:n|;§\u&nww¢)w

[ 02
-
T\ )
0.2 d !
‘l
\l
R 17 Species
N EAR=18 .7 N
~ ~.2 = \
0.15 GRI-3. . : .
\
\ N\ 17 Species C\
GRI-2.11 “\

0.1

Mass Fraction Of Species

0o 1 2 3 4

5

6
X(cm)

7 8 9 10 11 12

s i 53300 (511 (51455 WV 560 9 GRI— ¥/« «GRI=Y /11 (535 g 5291500 31 osliinl by oisS goy2r uu yfog05 S5
NERIP
Fig. 6. Diagram of the mass fraction of species using the combustion mechanisms GRI-2.11, GRI-3.0 and the 17-species
mechanism for different values of the excess air ratio

baboe Gl Jado (29,5 5o o) Jlaxl lade asS oo o
L oosel Caws @y s VO BLal slsa cos jo IS8 4 axg
2 Ly GRI=Y/+ 5 GRIZY/V) (glaepilse 5l oolil
slp Gliol ol jo (Sal DS s 5 wdboe Gebaio o2
Slop s plo )3 (Jg 998 o0 oalive SlseS VY il
sl Sgpn ey OS] oyl 3L

SIS Olye ) aenST 60 ()5 A5 0z S Y S0
Slde (n i JS8 4 az gl b msoe plis 3l el Y pane
Pl az o 5 ol (g g gl Laalpd (sl 0anYT l wls
adlse YL Blot 4l o oy jlaie 00,8 5 Jels” 32!
axs| Gl slal5 g oo YT vy 0 aS pl @ a>g L Ll
Sy on e o) Sogll del g ol Lol cusal gl
el (olod (gl o8 sl riio (29)5 5 ol sLail Jlade
= Ui ) S e 2ol (SLal slsn Cns Sy 50 (Sl ]
S e

Shooland b1, HO 465 oy oS loges A S
VW opsilke 9 GRI=Y/+ (GRI=-Y/\) ol slappslSe

ay ps e ol Lol glen Cod Cilisee pyolie gl slasS

Yo

Yoo oga0 dali 09 oo oolaiuwl (glaiss VY 030050 5l a5 oK
Sz VY 5l jloolainl e 00,5 o | Xed yim pu 4B
FSnslprlobavlic o, Sl ol Kea 255 65k
A, Sl plxil 5l as (g5kd by azgi b ol plo .aws co o]l
SBLol lsp s st b oged QL) 05l (e Ole 0
Glp g ad S alols 08 5l bz glapilss 5 Lol ol
422 sbaiss ooz S Sladden 5 les lawe 4 Sliws
Sges oolitwl GRI=Y/ ¢ 5 JalS 656180 51 ol 5380
(O3S g Olie SaaisS ooz S & gy Jlages F JSCA
yohilen 20 o lid |, BLol lgr s alie polde gl |,
d\)_.}‘ ..\.u‘)S )‘ J..S 9 ‘..\...s‘ 5o L@u] )ablﬁ.a QWKSA oddliwe aS
9 oy awls lbuT )L)&A )| d‘)"‘ 4.~>L3 9O M g 009 wL:
oz S e S5 4 4 b el e Sl Ioazes ol
O el e 58 JolS 5l sl sssas lis pl 5 00g ya0
Ll sy 45 Jate s o oS ke ol S5

ol (Blal Glga Cod ax 1o g aib s ho plp (6 yegeS gl

1 -Oxygen-(0,)



A U 5D amio N Jlo o) ojlods dY 050 ¢S puol SuilSo  pwidige &gyl

02

0.2 1
B |
0N B 1
o i \ - .
[T} | I\ EAR=1.8 7 {I7 Species
[} ‘N ~.2 il /\
o 0.15p GRI-3.0 2 - :
n - \ ) s
[rem B //17 Species \
o MY 1-2.11 “\
[ = R B ¥ PN\ = o~ B
) GRIB.0 ~ ~ .
B \
il \ EAR=1.5
L \
7] -
g M7 Species
= \
N
~ I\:
=~ ~ I\-.
—
> g

INTEY ERET SRENY SRNET SRNEY SRNNY SRNET SRNET SRANY SRNET SRAN ARAN |
0 1 2 3 4 5 6 7 8 9 10 11 12
X(cm)

yolie 51y 514e5 Y p3lso g GRI=Y/« (GRI=Y/VY 5150 slop jilso 31 oolisiw! b dunT 68 (3055 4555 s0y2 yuS 10903 ¥ JSi
Sl slgp S il
Fig. 7. Diagram of the mass fraction of CO, species using the combustion mechanisms GRI-2.11, GRI-3.0 and the
17-species mechanism for different values of the excess air ratio

02F
w =
2 -
3]
o B GE|-2;11
Q 0.15 s S o
(D - i ~
-5 i \ GRI-3.0 ~ . EAR=1
- B PRT-abeas
_Q B ! 17 Species,"’
= 01 1 -,
o i = < — _ __EAR=15
L i GRI.0 ~ _  GRI-3.0,GRI-2.11
e | o
-
005} T e
y 17 Species
= 5 I :
= GRI-2.11
|
i EAR=1.8
- H20 h
0
TNEE FREEE TNRRE FRNNE ARURY NRNNE SRRN NRNNY SRUNY NNRRY RRNEY ANNE1 |

o 1 2 3 4 5 6 7 8 9 10 11 12
X(cm)
Gilizeo polio gl 614395 1V piuilko g GRI=Y /¢ (\GRI=Y/\) 31,501 slapilo jl ooliwl b HLO aigF coyo S jlogai :A Jsi
SLol Glgd s
Fig. 8. Diagram of the mass fraction of H,O species using the combustion mechanisms GRI-2.11, GRI-3.0 and the
17-species mechanism for different values of the excess air ratio

sty GRI=Y/- 5 GRI=Y/NY (gla 5l S o, Sgien Mg (iiSly Jsame olsie 4 HO (5l plsaay Judo

Woeslse Lol wipS oo S5 0 HO Gras lp ) <ty g bl e a3l aboons (25STs Jsb 00 0T ooyz oS

\a



A+ G50 axano ¥ JL‘*’ ) o)w:a\“ °)5>‘)ﬁ‘§)ﬁﬁldy&n@»w4'ﬁ)‘;”

2E-05

1.5E-05

1E-05

5E-06

Mass Fraction of NO

EAR=1.8

-5E-06

1 2 3 4

5

6 7 8 9
X(cm)

10 11 12

G Ciliso polio gy g GRI=Y /¢ g GRI=Y/VY 815l slap 5150 51 00lisisl b 359 yiud dumaST gigo digS (oo, puudS logai 4 S
Sl slgs
Fig. 9. Diagram of the mass fraction of NO species using the combustion mechanisms GRI-2.11 and GRI-3.0 for differ-
ent values of the excess air ratio

0.00016 GRI.2.11

7\
0.00014

0.00012
0.0001
8E-05

6E-05

Mass Fraction of NO

4E-05

2E-05

(S s s s w8 W EE PWRRE PRNEE PRNEE PNNE uwwn uwwn swwwn swwun B

0o 1 2 3 4 5 6 7 8 9 10 11 12 13
X(cm)

31 Uil b (539 555 dumaS T gige g5 (o052 pauS 5log0s e S
Lyl sl GRI=Y/« g GRI=Y/VY 81l slap jilso

&y 45 gis]
Fig. 10. Diagram of the mass fraction of NO species us-

ing the combustion mechanisms GRI-2.11, GRI-3.0 for
Stoichiometric conditions

Sloolaiul b oS gige (33,5 disS co > oS logai VY S
VW opslKe g GRI=Y/+ (GRI=Y/\Y Bl ol slappslSe
Lamo oo lis 1y Blal slga cans calize polie glp slaiss

Lulys sl oSt gige 2,5 adss e o yiien S0 4 ax g

\a4

[¥e] s 668 ol slasgS
b3 595 059 ST gige A5 (coyr puS Jloged A JSO
GRI-Y/V) ool lapilss 5l oolinal b Jais (535 5
olis 1) BLol lepd s alizxe polie g1, GRI=Y/+ 4
STy Sl )5 ()39 7 dS giga ke S &) 4255 L g0
ol g slaasSly s Jld g Lo lEl b (Jg oo 52l
e oy US54z boaS sl alidl o jlade weanY
Olie 38l oo ST alads agezr Sleil 55 (95 ST 5390 W
Slol @lsp S 4y Db 4 (g demST gige 0an T adgs
S5 jlade b oo (Al (BLST lgn S 4z o g ol il
O USs &y azgi b iS oo lay (20lS (59,50 9T 5ige oY
42 g bwgio 5 b meySle (Sl sloa S (1PN L
@ 0j9r demS| gige Wg ez 9wl RalS plase )l >
DS o o LEelS san VTl lade wenl aialy Lo 4 o
oan V1 jLail jlade (g g S il bylpds jo Ve IS4 4 azg L
oz 0 GRI=Y /e 0l jloslial - (55555 90T gise
o 5152 85 ol o 53 (ol 3300 i g ko Ly S
asiye 3 ol Jlasil pliee Ses (BLol (6lsp slocuns 5 bap il

. -7 =
g dsle> VT (S



A 50 axbo N JL.J‘\ b)wgbvb)sbs)us)mlt_iu‘.{nww@w

0.035

0.03

°
o
N}
3

0.02

0.015

Mass Fraction of CO

0.01

0.005

m\\\\|\\\\|\\\\|\\\\|\\\\|\\\\|\\\\|\

o

GRI-3.0
— — — = GRI-2.11
_— = 17 Species

GRI-3.0

- = = = GRI-2.11
= === 17 Species
GRI-3.0
- = = = GRI-2.11
= === 17 Species

-
—_—— - .

yolio 51y 514395 1V p3lso g GRI=Y/« (GRI=Y/VY 81,551 slap 1o 3 oolisiw! b ¢, ST gigo 4355 c0y2 yusS l0g0d 1) S5
SLol Glgd Conns caliko
Fig. 11. Diagram of the mass fraction of CO species using the combustion mechanisms GRI-2.11, GRI-3.0 and the
17-species mechanism for different values of the excess air ratio

apd o Hlis gl o )ls 0925 (so0e

Oyl 4z s mhe bwgte (SO Glga Cond l3 L )
bse 2l bod per SLe g Glone

Py ST (60 (05 loosi¥T oy i op e <Y
BT (5 oS il Ll (6l 30nST 5ise (2,5 5 (395 S
bl

oS goai ¥l adg ke Lol (slg Comns Sal8l L Y
boe Rl (395 daST gige 5 ST gige

5l an o 5l o5l s V0 Bl (slea s o ¥
slgS VY prile 3 GRI-Y/- (GRI-Y/VY 31>
Sl GV p5lSe Sl elital b ol 5 Sl ey Ly
slo ials axg BB ke 4 1) Slawlxe ooy GRI=Y/-
Oeizeed b oo (ialS aisS VY 4 455 OY 3l laaisT slows a5 | >
2l Sl 2l Ken £5 5 solwl (S VY el 5l eslatal
o SRl 5SS 5 sl p il L anlie

aenST gige 0ai¥T izl (liee B3z VY p5elSe az ST -0
@& o b o ol 5l olgie bl ansged css a1 (59500
2 Gk onlar s 90,5 eolitul i 39505 ST gige dnsloxe

plxl 3l &5 3l 4 a4z b cnlplo 9ged (o192 4350 aje 9 By

YA

e 51 (BLo glop s Gl L T 5l oy 5 sl (5 52055 gl
aS ol i aigS cwl lg e 1) el cpl Cde ogl o aLlS QT
o0l 338, 9o 5 S g bolie LA slge caonnd 2l L
o dber 2l s e Sl 9z g 005 0 S Gl
Ol s ST g0 (2)S & (6708 aeST (60 ()5 oo Az
a5 yob plep w5doe anlS ol adgi (i Sl g S9dse a3
5 b s 3 O Ll len S 5o ol dgpie JSE 5o
8 SIS o st ot |y (S Ly ol 35T 5305
Sl glap sl s llyd cnl o Ol B o9l oo comw ol )
50 oo VT jLasl e Coedl 0 axgi b 0g0s ooliiwl 2SS
O Ll Glime i &5 Cul S8 a4 0 i (255

Lol (5 yegeS gl Ll 4 by e 0T 350

G S 4 -4
bome Jrie S JBb o lea-plie bglde iy Gl
SR adllas 990 (30 Sjg0 4 5 Sum g0 Sl 6l SRS
St 9 (B3] (5190 s Sl o B0 s g Sl b S
o 2590 Boan VT oz S 5 Led sla ks 555 2 (2loond
Jo 5 aaalesl @l o o9 U il ol 433,513



A B 50 doao VF e Jlo o) opladd Y 090 puS puol SOl wiins 4 puls

Evaluation of Combustion in Porous Media by EGM
(Entropy Generation Minimization), Energy, (2010) 35
3500-3483.

[10] V.K. Pantangi, S.C. Mishra, P. Muthukumar, R. Reddy,
Studies on Porous Radiant Burners for LPG (liquefied
petroleum gas) Cooking Applications, Energy, (2011) 36
6080-6074.

[11] P. Muthukumar, P. Anand, P. Sachdeva, Performance
Analysis of Porous Radiant Burners Used in LPG Cooking
Stove, International Journal of Energy and Environment,
74-67 (2011) 2.

[12] I. Mohammadi, S. Hossainpour, The Effects of Chemical
Kinetics and Wall Temperature on the Performance of
Porous Media Burners, Heat and Mass Transfer, (2013) 49
877-869.

[13] I. Mohammadi, S. Hossainpour, Investigation of
the Effects of Several Porosity Variation Profiles on
Performance and Pollutants Emission of the Porous Media
Burners, Fire and Materials, 17-3 (2014) 40.

[14] C.Y. Wu, K.H. Chen, S.Y. Yang, Experimental Study of
Porous Metal Burners for Domestic Stove Applications,
Energy Conversion and Management, 388-380 (2014) 77.

[15] S.A. Hashemi, M. Dastmalchi, M. Nikfar, Experimental
Study Flashback Phenomenon in Porous Ceramic,
Amirkabir Journal of Science & Research (Mechanical
Engineering), 35-25 (2014) 46.

[16] S.A. Hashemi, E. Noori, A. Aghaei, Experimental Study
of Non-Premixed Turbulent Flame Stabilization with
Porous Medium, Modares Mechanical Engineering, 15
349-341 (2015).

[17] H. Shabani Nejad, A. Gandjalikhan Nassab, E. Jahanshahi
Javaran, Numerical Study on Radiant Efficiency of a
Porous Burner under Different Conditions, Journal of
Thermophysics and Heat Transfer, 8-1 (2017) 32.

[18] N. Donald A, A. Bejan, Convection in Porous Media,
Third ed., Springer-Verlag, NewYork, 2006.

[19] M. Farzaneh, R. Ebrahimi, M. Shams, M. Shafiey, Two-
Dimensional Numerical Simulation of Combustion and
Heat Transfer in Porous Burners, Engineering Letters,

375-370 (2007) (2)15.

va

Sges Sl ) 036l o s ol se 2yl Dlawlre
O35 eS| gige Ll Glie (6 egaS gl Lyl ) —F
St o Jaie GRI=Y/ 8l 0365 5 solanwl b

. -7 P
g ale> VT (S

&lw

[1] G. Brenner, K. pickenacker, O. Pickenacker, D. Trimis,
K. Wawrzinek, T. Weber, Numerical and Experimental
Investigation of Matrix Stabilized Methane-Air
Combustion in Porous Inert Media, Combustion and
Flame, 213-201 (2000) 123.

[2] 1. Malico, J. Pereira, Numerical Study on the Influence
of Radiative Properties in Porous Media Combustion,
Journal of Heat Transfer 957-951 (2001) 123.

[3] C.-]. Tseng, Effect of Hydrogen Addition on Methane
Combustion in a Porous Medium Burner, International
Journal of Hydrogen Energy, 707-699 (2002) 27.

[4] P. Talukdar, S. Mishra, D. Trimis, F. Durst, Heat Transfer
Characteristics of a Porous Radiant Burner under the
Influence of a 2D Radiation Field, Journal of Quantitative
Spectroscopy & Radiative Transfer, 537-527 (2003) (4)84.

[5] S.C. Mishra, M. Steven, S. Nemoda, P. Talukdar, D. Trimis,
E Durst, Heat Transfer Analysis of a Two-Dimensional
Rectangular Porous Radiant Burner, International
Communication in Heat and Mass Transfer, (2006) 33
474-467.

[6] K. Lari, S.A. Ganjalikhan nassab, Transient Thermal
Characteristics of Porous Radiant Burners, Iranian Journal
of Science and Technology, transaction b-engineering, 31
420-407 (2007).

[7] S. Hossainpour, B. Haddadi, Numerical Study of the
Effects of Porous Burner Parameters on Combustion
and Pollutants Formation in: Proceedings of the World
Congress on Engineering, 2008, pp. 1510-1505.

[8] F. Avdic, M. Adzic, F. Durst, Small Scale Porous Medium
Combustion System for Heat Production in Households
Application, Energy, 2155-2148 (2010) 87.

[9] M. Bidi, M.R.H. Nobari, M. Saffar Aval, A Numerical



A 50 axbo N JL.J‘\ b)wgavo)jbsfj)mlt_{.;&nww@f‘u

Combined Cycle and Cogenerative Plants, Engineering
Optimization, 820-801 (2006) 38.

[29] H.L. Pan, O. Pickenacker, K. Pickenacker, D. Trimis,
T. Weber, in: 5th European Conference on Industrial
Furnaces and Boilers, 2000, pp. 14-11.

[30] E.U. Schliinder,

E. Tsotsas, Wirmeiibertragung

n Festbetten, druchmischten Schiittgiitern und
Wirbelschichten, Georg Thieme Verlag, Stuttgart- New
York, 1988.

[31] K. Vafai, Handbook of Porous Media, Second ed., Taylor
& Francis Group, LLC USA, 2005.

[32] C.T. Bowman, R.K. Hanson, D.E Davidson, W.C.
Gardiner, J. Lissianski, V., G.P. Smith, D.M. Golden, M.

Frenklach, M. Goldenberg, http://www.me.berkeley.edu/

gri mech/.
[33] PN. Brown, G.D. Byrne, A.C. Hindmarsh, VODE:

A Variable Coefficient ODE Solver, SIAM Journal on
Scientific and Statistical Computing, 1051-1038 (1989) 10.

[34] R.J. Kee, G. Dixon-Lewis, J. Warnatz, M.E. Coltrin,
J.A. Miller, A Fortran Computer Code Package for the
Evaluation of Gas-Phase Multi-Component Transport
Properties, Sandia National Laboratories Report SAND-86
1986) ,8246).

[35] E Durst, D. Trimis, Compact Porous Medium Burner and
Heat Exchanger for Household Applications, EC project
report (contract no. JOE-3CT1996) ,(0019-95).

[36] GRI-Mech Home page,http://www.me.berkeley.edu/gri-

mech.

[20] I. Malico, X.Y. Zhou, J.C.F. Pereira, Two-Dimensional
Numerical Study of Combustion and Pollutants Formation
in Porous Burners, Combustion Science and Technology,
79-57 (2000) 152.

[21] S. Nemoda, D. Trimis, G. Zivkovich, Numerical
Simulation of Porous Burners and Hole Plate surface
Burners, Journal of Thermal Science, 17-3 (2004) 8.

[22] S. Ergun, Fluid Flow through Packed Columns, Chemical
Engineering Progress, 94-89 (1952) 48.

[23] LE MacDonald, M.S. EI-Sayed, K. Mow, EA L. Dullien,
Flow through Porous Media Ergun Equation Revisited,
Industrial & Engineering Chemistry Fundamentals, (1979) 18

208-199.

[24] X. Fu, R. Viskanta, ]J.P. Gore, Measurement and
Correlation of Volumetric Heat Transfer Coefficients
of Cellular Ceramics, Experimental Thermal, and Fluid
Science, 293-285 (1998) 17.

[25] M. Kaviany, Principles of Heat Transfer in Porous Media,
Second ed., Springer-Verlag, New York, 1999.

[26] R. Viskanta, Interaction of combustion and heat transfer
in porous inert media, in: Proceeding of 8th International
Symposium on Transport Phenomena in Combustion,
1996, pp. 87-64.

[27] L.B. Younis, R. Viskanta, Experimental Determination of
the Volumetric Heat Transfer Coefficient between Steam
of Air and Ceramic Foam, International journal of Heat
Mass Transfer, 1434-1425 (1993) 36.

[28] L.A. Catalano, A. Dadone, D. Manodoro, A. Saponaro,

Efficient Design Optimization of Duct-Burners for

DOI: 10.22060/mej.2019.15713.6187

I. Mohammadli, H. Ajam, Evaluation of combustion models in porous medium with different
excess air ratios, Amirkabir J. Mech Eng., 53(1) (2021) 65-80.

e gl Alio ol 4 4598

A+



	OLE_LINK21
	OLE_LINK22

