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Table 1- Selected operating conditions

Flame S Oi [ SR
SwB2 0.45 0.75 0.75 1
SwB6 0.45 1 0.5 2
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! Computational Fluid Dynamics

2 Reynolds Averaged Navier Stokes
® Navier-Stokes

% Shear Stress Transport

® Boussinesq’s assumption

¢ Valorani
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o . a , 0 Y, )
—(pY.) + —(pY.U. =—I|TI.— ]|+ ®
at(p S) 6X] (p Su]) aX]( San) ©s s=1.,n
B He
[{=—+—
s Scs-l_Sct v

sacl cusp 4 Sct g Seg a5 Jl> o wten olacél g a1 (Seolins 59,531,5 cud 5o He g B oY) doles jo
3,5 [VY] g je 5l ot les dolae culi olpd df (stmle j3 ims o lis 1) azasl coedl ae 'S aigS el
el oy 4238 L5 00 ¢ /Y bl e jluancd ales ,0 SEt g axian ¥ o @illas SCg polie cilons
Gl 6l 90 45,0 TVD' slapaSiul bilosds (5 jluodions sgamme pox> 5,50, 5l oolital b oS> &¥oles
SilysS 595 Brbon sl simy s 3l mien loads ooliiel 283 5 5l Sl plsebl sl 2lrale lap
oy oolitul > o Ked 5l lebsl g1y bne 90 [¥FTF] L3 la 5 alice .ol ons ooliil jlad g cae o jlo
358 Jols lebsl wib pgs sl ;o il Vo7 5l a8 Wl Slej a5 5a o o psie des swiledl o3l jlre 55 o
V) S s (2 Sudp ahale Sy o 4l pe /) ) S Cae s 2SI g (nslS ) ) S lagie sles a5
shd 4 ol algul Al SO () UK jo ool sols lid) gum dw Slasls aisls (25,5 (amao U osile 8L ws)o

el fo (oo Yoo Jobo g yialoe Vo0

[Y¥] Clizie ladiss sl y odus oolisiw! Cawaisl olacl g uid yile doles culps —Y Jgus
Table 2- Sutherland coefficients and Schmidt numbers utilized for different species [23]

4565 As Ts Sc 45o5 As Ts Sc
CH,4 1.03 e-6 178.78 0.691 N> 1.5e-6 135.27 0.764
H; 7.04 e-7 108.3 0.2 OH 1.512 e-6 273.93 0.53

H 6.64 e-7 117.01 0.15 CHs;0 1.512 e-6 120 0.953
[0) 2.18¢e-6 166.69 0.5 HO, 1.512 -6 120 0.763
0, 1.8e-6 151.03 0.84 CHs 1.512 e-6 120 0.698
CO, 149¢e-6 218.83 0.975 Cco 1.53e-6 146.32 0.86
HCO 1.512 e-6 120 0.93 H.0 2.46 e-6 916.58 0.65
CH0 1.512 e-6 120 0.937

b a
.Figure 1. a- The top view of the stratified swirl burner (SwB) [28]. b- Computational domain. All dimensions are in mm
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2 PISO (Pressure-Implicit with Splitting of Operators)
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Figure 2- Grid independence check. Temperature profile (a) at section (z=40 mm) and axial velocity profile (b) at section (z=30 mm)
with three different grid resolutions (The first grid has 160,000 cells, the second grid has 470,000 cells, and the third grid has 800,000
cells).
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Table 3- Boundary conditions

U, (m/s) Uean (m/'s) o T(K) 1 (%)
Flame Co-axial | Inner | Outer | Co-axial | Inner | Outer | Inner | Outer |Co-axial Co-axial
Inner slot | Outer slot . . . Inner slot | Outer slot .
air slot slot air slot slot slot | slot air air
SwB2 0.75 0.75
SWB6 8.31 18.7 0.4 0 8.415 0 1 05 300 5 1
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Figure 3- Comparison between experimental measurements [28, 38], and computations for SwB6. Profiles at YZ plane. (a) Axial
velocity, (b) swirling velocity, (c) temperature, (d) CO, mass fraction. At cross sections: z = 40 mm (right column), z = 10 mm (left
column)
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Figure 4- The contours of the ratio between turbulent and molecular viscosity (RTMV) for premixed (SwB2) and stratified (SwB6)
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Figure 6- Changes in the recirculation zones by adding 20% and 40% of H,. Contours of axial velocity. The cut off is applied to
values greater than zero to indicate the recirculation zone. For case: a, b- premixed, c, d- stratified.
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Figure 7- Temperature profiles at different cross sections. 2mm (top row) 40mm (middle row) 150mm (bottom row). Pure methane
as fuel (left column) 40% hydrogen (on the volume of fuel basis) added to fuel stream (right column).
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column).
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Figure 9- Comparison of H, mass fraction using two models for premixed and stratified case. 2mm (top row) 40mm (middle row)
150mm (bottom row). Pure methane as fuel (left column) 40% hydrogen (on the volume of fuel basis) added to fuel stream (right
column)
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Figure 10- The contours of temperature by adding 20 and 40% of hydrogen on the volume of fuel basis. The cut off is applied to
values less than 1800 K to indicate the high temperature zone. For case : a, b- premixed, c, d- stratified
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In this article, Cambridge-Sandia stratified burner has been simulated by adding two different amounts of

hydrogen to the fuel in order to investigate the effects of molecular diffusion in stratified and premixed
combustion. For this purpose, two different models have been considered. In the first model, the Schmidt
number is assumed to unity for all species, and in the second model, different Schmidt numbers have been
used for each chemical species. The results show that by adding hydrogen in the stratified case, preferential
diffusion of lighter species, affects the mass fraction of hydrogen, especially near the surface of the bluff
body, and causes a 4-fold increase in the calculated value for its mass fraction. Therefore, molecular diffusion
effects cannot be ignored in the governing equations. In the premixed case, although the molecular diffusion
has little effect on the species concentration, it still is effective on the temperature distribution. By adding
40% of hydrogen, the maximum temperature increases by 2% and 5% and the average temperature increases
by 12% and 15% in premixed and stratified cases, respectively. In general, increasing the amount of hydrogen
changes the flame structure more significantly, especially regarding the recirculation zone above the bluff
body, which becomes shorter with hydrogen addition.

Keywords: Molecular diffusion, Schmidt number, Stratified swirl burner, Turbulent combustion, Hydrogen enrichment
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