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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. Favre averaging
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1. Effective diffusivity

2. Cross diffusion

3. Partially Strried Reactor
4. Eddy Dissipation Concept
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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
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Figure 2: Dual fuel burner studied in the current work
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Figure 3- Schematic of boiler with dimensions
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Figure 4- Schematic of studied geometry (Benchmark problem 1)
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Fig. 5: Comparison of k — @ SST and LES models in prediction of swirl flow at 3 mm of burner exit (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
(Benchmark problem 2)
& sbeslo b Jrio jezxo dlasiol o WS 005w ¥T s i NOXFoam adlbarwg 5 > dtoﬂc;wl, A USSG
(P9 sbero aliuo)

Yy


www.SID.ir

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

Al ;0 Jg3 b GlaJow 05,54 uizen g NOXFOam ¢ SimpleReactingFoam 5 J> 9o olojlel, ca> jo
STy s 9 2Sly slagl > 5lwancd )3 DO g PaSR k — @ SST slaJow &85 5 (o) sline alies 93 (25
g oud (o120 polis 385 B (o o e (nl 6505, i alisdle o5 jebilen 285 8 on 5
5 oo (ren l 5 (a9 jemaillys Jaie L25STy by Siluand )5 inlply wams oo 1) J5d LB gl
e oy Gl s o5 )0 0l Sales ai8)S 0ypn Hlre altus g0 0 ealals F )54 (gileaienS gl b, ple
2 d s s SRSl 1YFOPYA 5 AAOFT) VOYFFA Jolu slaws b aSied ans o Slowlrs aSi & g0 > Kol
Jsb slaly 5o Jadue 3550 5l 0niyd5 jome 59, 2 1) 55 Gl led @mls @SS el oals anglio oS yo (59,
ool Sl ool Jslo VYFOSYA 5 AA0YT) aSih 50 b wed oo abimde aF jsbilon ams oo LiS alaisme
Sy prelSe i) e aliowd St ol o0t Sl o gl Jsbo ROYFY Slaws b aSos olply sl
-5l 3l osliial az ST 0gs 4l y95 n (Rtlejl @l b Joud BB Gl 5l 558 b8 coonid o a8 el s slal> e
e S5 ol ledy  Jmio slo)5 50 Lol S (o0 (b b Sl b g Glis sz bt lo
Ll ey 45 559k 4 e 48 potiiyg e 0duznn (oliond (sloppilSe 5l aslinal (T Wb Slowloe s uizmon 4
Sl Jlaiie 4y azgs by candly Plal aSl o Ll Sl 4 oy @l @l 0SS g5 625,84 b ol )15 50
e se Alamdle A USE 4y ax g8 b el ool Jsbods g, O 390 5o < oaijlo s VY (65 5a br /e v e ) ol Koo
Sl JEl Bty g 5 Ghal33l sl VYoo i b 4t 58,50 il oy dan) o alsize Jsb 48 Loo &S
St 5 A5 Tt el oy 051335 aslS YYD culi slad o Lulys 5 aily fals baolsys b cntds 5 2500
e g S 38 i el Dyl g 36 GreSliE oo 5 Juie alos 53 (slS VIAY (sles 55 i
IS5 5 pa)S WL prolie 032g 5 e bl IS5 S LVl slono o b T i Sjus (3T o958 51
LT o¥g8 (e lgica S oo D Yol 8L sles et g ygamlanST ol o Cooglio 4y 0B 1) LT oyl
Gl Do SYsb 55 slS VEVY 5STum b Las hosss s ol8 pslS VEVY-V S ¥ Llas alSouial L SSYY+ (VFAYY)

YWY PO LI IWESP IR CES VIR E 3 RUS IRV S gLy

2500
---------- 752,439 Cells
995,331 Cells
- = = = 1,365,679 Cells
2000

1500

T(K)

1000

500 |~

1
6

0 1 1 1
0 1 3
Length (m)
Figure 9- Mesh independency diagram with temperature comparison along the furnace length
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Figure 10- Axial velocity variation along furnace length

395 Jsb olutiol 53 (59500 b yos ek —Vo S

oSz oae Sl oy p
alos glos iulidl o 3l 51 2306 gls sloj8 i 5L b 698 ol sis >3l axl 0gzg ol S5 a5 [sb Lo
G by als ) (saS5h ol SIS wlg &S s 59 Gl wieils (JShe (nl @8 jelaieds S9b o0 Jadee

ol 5ly5 loa YV Y)Y Cgna sp ol 51 (6 S sl 0556 558 10 sole ulul )

AR


www.SID.ir

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

a4l a5 clly GUasl ol co «g)pmme o phew Gl L oogd i alles 4 aled  Soees 5l &b g 005
el g 0gd Jaie Jrine ailds 4y )b > catS b awgas (5565 £l slajl5 w5 00l 5S> Sl i >l
(V0) alaly b jid 1> dac oy a5 4y Az g8 gyl (59700 S o e 38l 05l Jrde ilas sleo w3l s 3ol
Al drie Coll wain o yul)l o5 4 ais Jaio glad 5 635 0 Sl glad i O R 5 Ry calaly (ol jo el
1? Lv).:‘)) U‘)L‘\M Ry 2 &bjwl GQS‘JWLGM)} le.ﬁbo).v 445|)0C ‘O u;l)o
Rp 3

2 1-(%
S=—tano<#)2 (o)

S

R

sl Sl9p ye 013 12 (Sl ayly 1alS ols (l3 ] (6 970 Cae e ot (o0 &5 2la)lSal, 5T SG ecnl e
g Jrio ailos loo p adgl Glop yus (s > Sac )_...L oy ysbieds oyl Jlisay |y iy sae jo puss aS el
oae ke ialS caw cod Say aS a8l galS ax o Ve g YV Jlade g0 4 (ol clls 0 oais o a0 FO al;

Ll tan”

5 Jrie alas slod p adgl Glop yme i3, dae 36 @l ¥ Joax 0 casload JFA 5 - [F) @ A 5 i o
asl ralS Jaio alas slos yid,> sae als b wcd, o Uil a5 jeblen Conl ous 03,51 pSL 00V pimen
Gy 2 Lo iSlas o /FA s > sae (0 a5 (g ebay iy puiie alayl) ism sae alS b Lo als ol el
Sl SUjlade i > sae el L aS 09l oo alax Do opl pogdle el ooy 0ol V0P lade 4 Jedie ailas
oty A S > sae )8 (@dlg o cenVl sles o SV game wibe ley al SolisS el ()l e sl aidl ralS s
O &5 S o Cwlll YU sbabes o Ko slacdll aslis oy gpin Hlyoae OYsame iy iS5l

Sy ol S s Gl el godge

Gy dae il el Cawos s -Y Jgus

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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1. Air-Induced-EGR (AI-EGR)
2. Fuel-Induced-EGR (FI-EGR)
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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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