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Numerical Investigation of Combustion and NO, Emission in an

industrial Boiler

H. Oryani and , A. Nemati, M. S. Student, Dept. of Mech. Eng., The University of Ouremeyeh
S. Khalil Arya and S. Jafarmadar, Ass. Prof., Dept. of Mech. Eng., The University of Ouremeyeh

Abstract: Understanding of how and where NO, formation occurs in industrial boiler is very important for
efficient and clean operation of utility boilers. The present study aims to investigate numerically the problem of
NO, pollution using a 3D model furnace of an industrial boiler utilizing fuel gas. the boiler under investigation is
a 160 MW, water-tube boiler, gas fired with natural gas and having two vertically aligned burners. Governing
conservation equations of mass, momentum and energy, and transport equations of species concentrations,
turbulence, combustion and radiation modeling in addition to NO modeling equations were solved together to
present temperature and NO distribution inside the radiation and convection sections of the boiler. In order to -
validate the computational procedure, comparison of the present calculations with the experimental data for
specific state, was performed.

Keywords: Dilution, Combustion chamber, NO,, CO, Simulation.


mailto:hossein_oryani@yahoo.com

P

02 e iz 9.0 LT Jas g wg (Sl e

chle 5 Gl il sl 3 lediee LS NOy o3
ol s 4 Ll o sl SNOy 55 00 o 56 O30S
05 AL JalS 05St Chle O S sadeee Lodad les

oy Sy oS Ale gl gl J:b 4 g ‘_;Laf\l:

=olowy )L:...._.v PECA cJ)l.KL;a J“JU NOX a.L'u_YT J:.«<.«;J ijjﬁ

asli des 4 S S ol bl cpl il s

LFTa2l o 1o 2 2
s S o s 3 Bl T s3de b
e 5 Shdadd g Ol emps L aS Sl Gl
Sos S Gl daime 53 A3l e 855 NOy LS5 o g
Al e 9 ol 3 cl iallS O semy ol il
OO RS JRRC VR LGOI g o
EAES )3 il (G DM sl Ty K5 Sl
0L 5 Lo Ole 51 &> so f SO U el oY Sl >~

Ay 4;})‘ giiJ 6@0)‘)._:) ;s:’)\j>

Jde g 25 Y
S b Sl fsels Sl 5 I8 me L
ol oSN s Sk raen 5 YU Slulne 5055
g ke a1y ey L) ldle LSS (onae
ST plowil 5l (5,8 sl g (s Bl sl

RGN U j‘.’.')‘i OKA‘JSCA-EJ

), gladie 5 (Sl S¥slee -V -Y
Finit- Jus gaman addlas opl s 4, SIS Gl
tF 2sbe 24« <l Rate/Eddy-Dissipation
et St Slisloes 5 o3 v yay biodias 2815
Al S OF Slslome cal e 35 S8 sl
S ) bl Dppa plend slad S sl & OVslks

8]t

4nde =\
= Ll s ST el Ws o Mild 3t e
b ol 3L Gl g cnl s A3l e el)lS Jie (G|
5L e S ot Jandl s slas 51 VLG s sdas STy
225 LS Sty adke s Sl Gl Y s
A B) O3St B 5 03 5585 L uled oS 8 sl
a8t SLLT sles 51 5ol U ol sles (Gloma
U Ll St b o oS Jaalsl Col pl 5 Al e
b Doz et ol Sel Jlnils s gles 1 5L

J_}.\Z&

SOOtthiJC))aJJVSJQ)'JUJu@NOX ol L8 s
DTV 5l Ll i Jds @ pl 5 0585 0 B 20
OB wand o gladl )8 s s glae, S 5 dde (]
Il Lo il Gl alaime 1Al Loy 55 ol 3 35,0
bz L3 Mild Gt S g 5500 6 5 e Sl |
Sy gl Sl Co e b gl 51 5L
o3 Bl ey g Jlandls s slos 4 Les 5 5V

S e s Ml Gl -l S @

Gl Jazzls gt slos S VL bs ey iSbe oS ail 5
st IS Sl S5y 5 chas B by Loy s S
Sl Jde cdbaws Y ol S o3l & Ol5 5 35
B w]ﬂ slrales £ 3 sldie 5 w4 Mild
4oyl als Lo Vb 3y W 5 o8 e b iy
SV geame 22,550 SRl L 5 e s DOl ey dad

IYT AL o il il 2als ol digy Bl
3l K s Gl Jsb s NOy 1Lis o Lulal
wld 3l g3 s 158 Ol 53 055,50 O semldenS]

G Al o 35> 5 Prompt NOy 5 Thermal NOy oz



1w Giain )aySys Gy s (NO,) oioripisans! slaosisll gials (Sgda § Ghinl (3ac (up

ts s JU'JSJ:); .J.,il{d»:)_,ﬁ}'l/\dl)\z‘)&:ﬁdlas
dﬁdgu}yl}dmélyl@udhzduww

s o odalin 53 pl o ost 2S4S ol ol 034

J»@u—r
Yo ojlul & >t EGR 055l 56 ol 5 s
53 el ol oy 2 NO, aJ;i‘YTJ.NS.i.?;)\J-,:A S9y hoyd
S EGR G50 Sl s by sla,y 558y aclis 2 IS
S slailes ol sl o350 wdd o353l EGR & -
- 5l S EGR c,.\uﬁﬁ}suduu};@cnm
Shls Sl 53 55 VU Loy bl o 55k e 5 ol 4L
s s NO sV 5 bl el s EGR
Bl il alaimes slas 2alS L 505 L g Bl alaioes slos L

Ll o 2als NOy a1 W 5 0l 5

Gl J&5 EGR 055531 L as Ll 51 s b 5l

Ol 55 opl 51 s Ll o alS Gl ol dlaises 40 (63555
EGR 05 Sl 51 28 (3505 @l 55 35250 5o
Col O35St Ol i8S 5 (03,5 lss Chle fals .ol
Mild Combustion <l « Gl anl b oas sy
2503 0501 Olsn b ot o NOX W 5 0 1558 o
sl b s EGR 05558 LNOX W5 Ol e

S womii -t

b Gl abiss Sl (= Ol SV pame S50
A5 Ol ials Esl iy LY 4 EGR I eslizad Olas
&S e NOX oV
4 i W Los bl o a5 e SLe sl lals -
EGR o, i

P
5 (PY) + V(pvYy) = =V]; + R;S; ")

modins S|y s pll 65 W5 el 5 R

365l S Sl Wy s f50 S pledd le
N-1 (sl alee ol Bl o o Ay6 st s i g
Il 56 phard sl 658 JS ol N S o580 = 68
Vol b 658 e S e Ml ot 3 397 5

sl
Ji= =(PDim + OV, ™

Y gole Sl s oS sl . Schmidt s s sue St oS

AL e pem 3 358 Di,m_ﬁgﬂﬁ IES U | v

T JORPRI

Ky

O+ NeN+NO ™)
K;

N +0,0+NO )
K3

N + OH< H+NO (o)

ol Jde (gl sl sl oslanal b ey (g3l Je
QLLJ(\)JK.'L)JASQMMJJuLCMlV.E;AU&JJ‘&;

1l ol 62l

dv\ﬂ ‘;A.)JL;&| -Y-Y
ANSYS Fluent 12 13l 5 51 eslizal b 51> e
O Glp e a5 K3 Slaasein (V) U 3 o Coslodls ang

Mbw&&&»&db‘: gi.i: UJ‘ el 0 a:)jico.)..i%



e 02 e iz 9.0 LT Jas g wg (Sl e

2000 international joint power generation 0531 o ied 53 Oliee Al 5 (63555 lsa hale ials -
conference, Miami Beach, FL, July 23—

26; 2000. p. 1-6. EGR 054 Sl 4 o 0551

181 A s olasis -Yd s

NOX sas¥T W 55 0l 50 EGR 055531 b i ,ls NOX sui

CH4 S g
4.579%12.541 m SR leg
7.925m gl
| —
2.07 Kg/s ot Ob 2 &lr-o
L s [1] Antonio Cavaliere, Mara de Joannon,
40.23 Kgfs PRy Mild Combustion, Progress in Energy
45° 3555 &lsa SWIrl w5 and Combustion Science 30 (2004) 329—
366
300 °K S35 Sl sl
51 bar S L [2] Chiara Galletti, Alessandro Parente,
538 °K s sles Leona_lrdo To_gnottl_, _Numerlcal a_nd
experimental investigation of a mild

combustion burner, Combustion and
Flame 151 (2007) 649-664

[3] M.A.Habib, M.Elshafei, M.Dajani.
influence of combustion parameters on
NOx productionin an industrial boiler,
Computers &Fluids 37 (2008) 12-23

[4] ANSYS Fluent 12 user Manual, (2010)

[5] Zeldovich, Y. B., Sadovnikov, P. Y. and
Frank-Kamenetskii, D. A., Oxidation of
Nitrogen in Combustion, Translation
by M. Shelef, Academy of Sciences of
USSR, Institute of Chemical Physics,
Moscow-Leningrad, 1947

[6] Yaga M, Sasada K, Yamamoto T, Aoki

H, Miura T. An eddy characteristic time
Sis lbne 452 (1) I3 modeling in LES for gas turbine
combustor Mitsuru. In: Proceedings of




10

3o HayEys Gy ys (NOL) oioxissaus) slasxiylT Jials (Sig5p o Ghal sssc

e s o005 (T) S

1600

1400 1 B Experimental

J{“ ----- NUMERICAL
1200 { ® "7 \

i1 7 \
= 1000 \"

@
2
3

7’
]

\

o m h T

@
=
=

Temperature,
s

=
=
=1

=]
=
=

0 T T T T
0 0.1 02 0.3 04 0.5
Radial distance, y/D

[-\]‘;sfﬁ 3 Gl .h.w_,i ol Ayl alaions J"b sbos o anglas (%) JS.’J

1: Contours of Static Temper ~ |

1.95e+03

Bl S gl b, gl :(8) K8



02 e iz 9.0 LT Jas g wg (Sl e

1: Contours of Static Temper v

| ANSYS

EGR 03555 <l gl Ls 515 :(0) Js

160 O = 0

140 -

120 -

100 -

oo
=
-
L}

m-
-
-
Bt |
TTeeem
-
-
B |
-
T--E-
Bt |

NOx , PPM

(=3}
L]
I

——BASE
40 - --#--EGR

U f_: T 1= T \.)
1 11 12 1.3 14
Excess air factor, A

4l I3 EGR 0555 <l 5 ond ad 5 NOX sty ¥1 050 (s d s :(V) IS5

EGR 3553 <Jl> gl s NOXa 5 55518 :(V) s



