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1. Fuel Oil
2. NOx
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1. Wall fired boiler

2. Mechanism

3. High swirl burner

4. Low swirl burner

5. Air jet swirler

6. Lean blow off

7. Central Toroidal Recirculation Zone (CTRZ)
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1. Large Eddy Simulation

2. PUFFIN

3. Standard k — ¢

4.P1

5. Non premixed combustion
6. Water tube
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Stabilizer

Secondary Air

Figure 1- Configuration of dual fuel burner and it’s components
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1. Exhaust Gas Recirculation (EGR)
2. OpenFOAM

3. Post processing

4. Tangentially fired boiler

5. Down fired boiler
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1. Discrete Ordinates (DO)

2. Thermal NOX

3. Prompt NOX

4. Fuel NOX

5. Zeldovich mechanism

6. Passive scalar transport equation
7. Quasi-Steady

AR



Slanly gola 5 (s mllas &g ¢ Slpaal Hhoess (lus]

a
7t (p¥no) + V. (pu¥yo) = V.(0Derr Vo) + Syyo A+

Sile 5 Je¥ge (iZy oy cbalie JBs NO (o)> 1S oS Sy 9 Depr 0 Yo Slle cdolas opf po

d[NO]
Svno = MWno —— 3D
Ho Ut

Dyrr = —~

efT ~ pSc ' pSc, an

— pMWmix (\Y‘)
P="RT

Goae Jo g,

S ) eolaiul b g guman Shgod o Koo ol ends jawdilles Jrie goue gileand ol gk o
aS Solay ol b o«cwl ReactingFoam 5 > adlarwy asews 5> cpl .cosl oul slil SimpleReactingFoam
S 0 0 pdy o0 Dyge 'piso ool loolaul b jlid mad g 009y iaSTy b > sLLL 5 J> G ReactingFoam
plil Simple o )68 51 colaiwl b jLid mxal 5 00 o2aSly b ,> sLL S J> <o SimpleReactingFoam a5
L ands jo a5 LL asSly slapl o gjlwans jo ,a}é@j JPley s was S ol arwg b @dlg s 09l o
g 00l Bk wl o Jo lojios axgi BB li8l o 5 <88 s plsl ReactingFoam sLLL 5 > 5l ool
Syl gilwans ool SimpleReactingFoam 5 > .ol ails o0 1) (gileand anld 4 joisuce pw
Al jolatedy pol> IS jo cllo | aiais (285 Jlai s ol jesay PaSR B>l Jow 51 eslasul Al i ué
Sade o Slpal el il gy e b S d> ol el 00l slowl NOXFOAM lsie b (s 5 J> 58 5,1 SU ool
L e @&A Gilwaiwns ol 5 gilwacs o ...\JSGA O Iy &l okl o salolsu| gﬁﬁ)‘)} oSb

Lol g O jgods a8 Salol sla bl a5 (pizran ol a8 0y O g0 Yj,wol{ob: gy 5l eolaiul

ol el 485 15 55l Jke 5 anllae (glive (S5 o] ;58 Cilo DDZ-G 12 ol joudilss Jadio ol> 15 o
ool i3 p0 e JB 59 55 e 09,8 Loy (95 Ted 5 )90 (B9 @lie j3 DK V4IPSl ced)b b Jaie
amme Saile | Bl sae Sy Giyb 5 e Cbgms et (sl 5o sl 0 aols GLES Y S o ol i e diges
S35 2 S8 LU P Gk 5l 5 date (nl 5L 9550 S S g 095 o0 0anlly aladoe (19)0 4 CS s B, e
Sl $9) 2 Ehg VS L5l cnl 51 ST p8 098 oo osliw 305 (19,0 4 wilaid 513 Dgile (IS S e a0 plo S
sobieds 98 oo 03lin 3 0,55 a4y ol Slgn 9 gl (Slor s 95 51 55 (5095 s WSl whaw 65) 2 Elisw VO 5
s 39 58 50 ol @ole slroy Sl dse g S e ST (T e 5 5055 Gl s, e Slaleel sl
42,0 0017 a5l Ghlo w5l Sloa rane )3 9 42,0 YO a5l Shls adsl (ls roane )0 oy cl sl ou oslisiul (5599
L lgo 2igd oo 415l g adol slgn pucs ;o +/AA g +/A s 1> slodae b i > b, obn] cas o g4y a5 st
doJ5b yhad aye g 2o 4 az i b 09d 0 sl S0 3)ls (nolS YAYNO sles b lie 39w 5 (nolS 0F N0 slos
(& jlwdand ;0 a5 Cewl 53 HLLE el YIA MIS 4,56 slgn o YAIFE M/S adgl sloa YT M/S 55 Co g (699,9 40 Sy

1. Pressure implicit with splitting of operators
2. Upwind
3. Gun

Yy



Sl o adlsl glaa asyo A Clucsl b 5l il cga 5Ls 0,50 (Slap Jlade 5 ool Blod assill g adsgl (slgn (sl e sloo s
Ll 00l 0ols plaisl adgl slep 4 0o )0 V0 g gl slen 4 sy AD e Jade ol 5l aS csl ouls a8 §

Figure 2: Dual fuel burner studied in the current work
2L 515 0 (o2 9590 jemwdiligd Jado - S

SYe o7 la o o [RAl S 5 o> Lisgs o g jludrnd oalfs 0 L K30 ollyy 3,2 ] aliioee diia

5 it 4ol Lol 45 Cel (glo 0 i1 als 0 o) claces £oi 5l Ko ol sl o Tl Yo+ A

5,5 3 0355 5ot 4ol gl o 3 g 2 VIV 5 ¥ BIND ity i) 5 e s b e

Loma L5 058 4l Ll s e ol |y S5 0,90 0)55 slasl 5 o)lgo o ¥ USE el 2o + VYD glis,) sl 4

oo b g S sl (A3 pae (50 b0 laojlpd 50 el il S jLad g (nglS VAMND lod (G S

(oS YYYNO ol glal jBu slos ply g ol bos ¢ 255,05 o sloss jo ol o)lps slaalg 0929 cdeay (55 Los
ol a8l olaiSl Lass slod 5 )Lid 5 (29,5 e a4 Cenloud a3 S i

Figure 3- Schematic of boiler with dimensions
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Figure 4- Schematic of studied geometry (Benchmark problem 1)
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Table 1- Flow condition and dimension of laboratory sample (Benchmark problem 2)

Characteristic Main Jet | PilotJet | CoFlow | Unit

Velocity 49.6 114 0.9 m/s
Temperature 294 1880 291 K

Din 7.2 7.7 18.9 mm

Dout - 18.2 300 mm

Thickness 0.25 0.35 - mm
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Figure 6- Schematic of laboratory sample (Benchmark problem 2)[25]
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Figure 7- Validation of simpleReactingFoam developed solver, Temperature comparison along the burner axis with experimental
results (Benchmark problem 2)
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Figure 8- Validation of NOxFoam developed solver, NOx emission comparison along the burner axis with experimental results
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Figure 9- Mesh independency diagram with temperature comparison along the furnace length
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Figure 10- Axial velocity variation along furnace length
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Table 2— The results of swirl number impact

Swirl number Temperrature at burner tip (K) NOx (mg/kWh) NOXx reduction percent
0.8 1983 150.56 0
0.61 1697.7 138.45 8%
0.48 1560 98 34.8%
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Figure 11- Temperature changes along the furnace length as a function of EGR percent
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Table 3- The result of EGR percent impact

%EGR | Maximum Temperature in Domain [K] | Temperature at burner tip [K] | (mg/kWh) NOx | NOXx reduction percent
0 2473 1983 150.56 0
10 2443 1896 114.41 24%
20 2435 1670.2 85.41 43.27%
30 2358 1623 46 69.43%
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Figure 13- Mass fraction of NOx as function of EGR percent
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English Abstract

Investigation of Swirl Number and Exhaust Gas Recirculation Impact in
Numerical Simulation of Common Dual Fuel Power Plant Burner

Ehsan Mohammadian Esfahani, Kiumars Mazaheri and Hadi Pasdarshahri
Department of Mechanical Engineering, TarbiatModares University, Tehran, Iran
(Received: 2016.08.04, Received in revised form: 2017.02.26, Accepted: 2017.06.25)

The purpose of this study is to investigate the impacts of swirl number and exhaust gas recirculation (EGR) to
access better combustion, in a power plant burner. For this purpose, the dual fuel power plant burner DDZ-
G12 in a wall fired boiler, has been chosen as case study. In order to validate the results, two benchmark
problems were solved using two developed solvers. The numerical results were compared with experiments
and the reliable models to simulate turbulent flow and non-premixed combustion were selected. Firstly, the
role of primary air swirl number was evaluated considering that high temperature is one of the main
challenges of these types of burners. The results show that reducing the swirl number from 0.8 to 0.48, causes
the temperature to reduce 423K at the burner tip as well as 34.88 percent reduction in NOx emissions. The
results of EGR show that recirculating 30 percent of the exhaust gas leads to 360K reduction in the
temperature on the burner tip and 69.43 percent reduction in NOx emission. The results of EGR also show
that recirculating the exhaust gases leads to widening of the flame. This leads to a more uniform temperature,
but on the other hand increases the probability of flame impingement on the walls.

Keywords: Dual fuel burner, swirl number, numerical simulation, NOx emission.
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