109

Princess of Naradhiwas University Journal

ﬁum’a’aqwiuammuzqa

High Performance Porous Burner
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Abstract

In the last few decades, many researchers have been studied in the field of premixed
flame within porous media, due to its clean and highly efficient. In a porous burner, the solid
matrix re-circulates heat from the post-flame to the pre-flame zone through solid-to-solid radia-
tion and conduction leading to excess enthalpy flames. These results in burning velocities are
higher than those for a free flame, extended lean flammability limits, and high radiant output
with low emissions of pollutants such as NO and CO. This paper reviews the processes associ-
ating with combustion within porous media, and describes related experimental and modeling
study. The properties of porous materials, heat re-circulating combustion, internal heat recircu-
lation in porous burner, the burner performance and conclusions.

Keywords: Combustion, Porous medium, Porous burner
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M5 1 aanGives FAneua3 LU (SiC) azqmuwaan%w (ALO) uazwaslaiaaan loa (210)

(Wongwatcharaphon, 2011)

GEOI e AlO. SiC Zr0,
Maximum use temperature in air °C 1900 1650 1800
Thermal expansion coefficient (20-1000 °C) 10° K" 8 4-5 10-13
Thermal conductivity at 20 °C Wm'K' 20-30 80-150 2-5
Thermal conductivity at 1000 °C Wm'K' 5-6 20-50 2-4
Specific thermal capacity Jg'K! 0.9-1 0.7-0.8 05-0.6
Thermal stress resistance parameter, hard K 100 230 230
shock, R (O/EQ)
Thermal stress resistance parameter, mild 10° W m" 3 23 1
thermal shock, R* (RA)
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wanln (Flame speed) ey anaslumslvazasavnes (Flow velocity) W lwiihaaw
(%] A v Iv ;:il ! [~ ! ' % [~
meliaanguasiidnuady  warluuwegfufusmnensiizesan lamsuemusalums
lvavassmman  Wanlnfauedonn  leglunsdifienusilums masnnnmensEasadan i
wnlwazaslumenu Downstream wymsndufwmnansidzaadminannnenus lums g
wanlwazaalimee s Upstream Feduiifiaionlassamsasiaguuitasanienansavi lnifia
e lWfisies (Flame stabilization) levi3oludo awmenasmasnameluwisamyw (Pore size) lnef

| 1 Y 1 1

Smmmaqﬂﬁaqumﬂuﬁfﬂ@mquﬁmu@mfmmmaaﬁwﬁmm (Critical pore size) wadlWaysu
LﬁaqmﬂgﬂwéaLﬁu(Quench)alumqﬂé’uﬁuﬂmﬂmmmaafﬁaoﬁwmﬂu‘?ﬁ@mquﬁémmn’;‘mm@%mf;'n
ﬁ‘mqwﬂafm%mminmﬂg Flame propagate)

Babkin et al. (1991) ”L@mmsﬂﬂwﬂ@amﬁmaaqﬂﬂaqmﬂmv[mLmuLﬂmVLWwaaqmﬂau
mafluﬁm,mﬁfa@;wqu LLazﬁ§ﬁwamiﬂﬂwﬂmmimﬂmaaLﬂaﬂmﬁ@;w?ummimzﬁl@mﬂmLmi

lsmnefiBana Peclect number (£2) Zefiensiam

)_DQ = M
£ (1)
I@mﬁ 51 @® Laminar flame speed

v 1 1

Y Ao ﬂﬂm@Lﬂumuﬂuaﬂmwmmmmu (Equivalent pore diameter)

¥ h) mwmmwmamwmvmaamsﬁ (Specific heat of gas)

M &0 AMAMLILY N T (Den31ty of gas)
ke Ao ﬁmﬂsuﬁwmﬁmmmiamaqmﬁﬁ (Thermal conductivity of gas)
M@mﬁ%&ﬁszmn Tunsdifl P2< 65 wanlnazey (Flame quenching)

SulunItin Pe> 65 wanlwazawla (Flame propagate)

nvanMessuls sy Pe Vl,@iiﬂﬂamﬁaammuﬁaLwﬁmwmslué’ﬂwmvﬁfamwmmu
099121 (Bi-layered porous burner) mauaimumwmﬂ Umversuy of Erlangen Nuremburg I@]EJ

Durst et al (2002) mLmaﬂwmymuﬁsmaumma@wmaaqsm mmmmaama@m upstream
favnavasrareiianedn lnesnsmanuuuvg Pe < 65 vmdidusaiullnfemszaunduzes
wan I (Flash-back)in U dnaiimalevsvnaaiannataansdelumslenns wanannidsrhmani
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Tumsguannanlylushneufiesion s lns lwisanquiufisesifecogmsens downstream 3
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I I I T Y T Y T T T Theat transport in axial direction
heat transport for stabilization by radiation, conduction,

of the combustion zone dispersion and convection

heat extraction from the combustion
zone by radiation and conduction of
the matrix and by convective heat
transfer and dispersion

large pores
(Region C); Pe > 65
(Regon Ay Pa < 65 tretttttttt

fresh gas mixture

)AAAAAAAA T Ry

™~

preheating zone

ﬂ’lWﬁ 8 ﬂavl,ﬂmsm&lmmwmamwﬂuﬁamﬁﬁqwqmmuﬁawau
s : Durst and Trimis, 2002
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Mallard 8¢ Le Chatelier (Glassman, 1996) Gﬁﬁ Lﬂafflngml,ﬁaaamﬂuﬂmu’%nmﬁa Preheat
zone Wa¢ Reaction zone (mw‘?i 9) ‘%ﬂﬁ&lmﬁﬂﬁ

Preheat zone A® U%L’;mﬁqamga’isnaa%wﬁmﬁéwmﬂﬂﬁwqmma’iﬁmaL%w 1% LLaz?{”uawﬁ
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Reaction zone @9 U%Lﬁmﬁf%ﬁﬁl%s\lLﬁ@ﬂﬁLvamjLLazémjﬂ W Ghl,mﬁﬂ‘ﬁ;Heat release rate
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§33A (equivalence ratio, @) YL 0.65 Usaasin i 9

dodanswnaiisuouaaln Reaction zone) Qmwgﬁmaa%wmzqﬁmmLﬁﬁminlwm
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Q‘?fé
A\
2000 0
0 Preheat Zone Reaction Zone (8) J
1600 ¥ /:-_—’—’ 23
~ 1 — Ipm J 2
=) — Tsolid f ; T20 5
E 1200 - == Volumetric Heat -'I' 1is o -:g
= Release Rate ” % E
E“ 800 - T10 &5
S & =
= + 05 =
400 M
e L 0.0
0 . Flame Thirf:lmess (B) . . 0.5
2.8 3.0 3.2 3.4 3.6 3.8
X (cm)

AW 9 gaungRvasmauazoduds i aa N
131 : Barra & Ellzey, 2004
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PMWAMSANE WUINSTLIMRIEL B NAsaARauaNNA Ny 2 aens do mmh
AMaTuLAYMILNTIEANaTanIasrasudsiiansnsndwnm lnanmsmemanusauaniite
g Y 90w Y ada X 24 Koy g .
vl /luiulaffifietinly Preheat zone wonaniblumsfnuniidislausmssamstilalumsenim
M UseBvBMneImayiEuaINTaY (Heat recirculation efficiency) wag Ussdnimnaag

1 v | | ' v € (%
M3uNS9EANNTONU (Output radiant efficiency) Faufundsnusnufisnsnsaonllaselomlumsin

Y

mwmauﬁumizmdmwmauﬁma@ms VL’]@TJ‘Q

solid —to — gas convection i preheat Zone

firing rate )

Heat recirculat ion efficiency =

. : output radiation
Cutput radiant efficiency = output raciation

firing rate (3)
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i’)&lﬁd@’ﬂmLLG]T]G]NT%LLG‘EJQGTT]‘JE]@T]LLUULLBSGBH\/Lﬂ%mﬁTVIN'M (Wood & Harris, 2008) I@Hﬁ
A * A A ) a ' P g @
LﬂE]HVL?J?JadmiLN'leMNGl%ﬂim%ﬁ’D%NﬁNL?\]E]G\]N (Lean mixture) rAMIUsalanuNaneeINYiINY
[ v 3 ¢ ! ' %
VlﬂmmuaaﬂvlsmLLazmﬁﬁmmamauaaﬂiﬁmﬁﬂﬂmmu 40 ppm uaﬂmﬂﬁmﬁwmmﬂmmuzsmad
FuTsgnuanenuoy ugeaseumamsn s (Flammability limit) @nsidalunswnlns

(Burning velocity)ay Turn down ratio
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