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The structure of the Stratified Vortex-tube Combustor (SVC).

1. Physical model of the Stratified Vortex-tube Combustor (SVC)

The swirl number of the SVC is 13.46

2-D cutaway viewSVC configuration
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gaseous methane, ethanol, propane, n-heptane, kerosene of 300 K;

air of 300 K;

101325 Pa ;

0.1 ~ 1.0  ;

12.0 L/min ;

structured grid with 960,000 elements; the grid quality is above 0.85.

LES with stochastic field method via BOFFIN-LESc

2. Research method and boundary condition 

Fuels  :

Oxidant :

Pressure:

φg :

qf :

Mesh :
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2. Model verification

Flame configuration Species and temperature
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3. Results: combustion performance 

Flammable limit & Stability limit

Pressure fluctuation
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3. Results: combustion performance 

Flame topology
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qf = 12.0 L/min and φg = 0.6
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C2H5OHCH4,C3H8,C7H16,C12H23 flamelet position
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Radial distance, x [mm]

 methane   z = 60mm

 propane    z = 25mm

 ethanol     z = 42mm

 n-heptane z = 70mm

 kerosene  z = 60mm

C2H5OH

3. Analysis and discussion 

Flow field
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Angle1 

Angle2 Angle3

Vortex

qf = 12.0 L/min and φg = 0.6
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 CH4 z=60mm  C2H5OH z=42mm  C3H8 z=25mm

 C7H16 z=70mm  C12H23 z=60mm

 CO(CH4)

 CO(C2H5OH)

 CO(C3H8)

 CO(C7H16)

 CO(C12H23)

reaction zone 

Flame structure; 

Stratified species distribution.

3. Analysis and discussion 

7

qf = 12.0 L/min and φg = 0.6

z = 60 mm

z = 25 mm

z = 42 mm

z = 70 mm

z = 60 mm



Transport flux of enthalpy Jh and species J

3. Analysis and discussion 
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Methane qf = 12.0 L/min and φg = 0.6
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3. Analysis and discussion 

9



Characteristic criterion number and stabilization

Ri
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3. Analysis and discussion 

10

0

1

2

3

4

5

6

7

8

9

10

 

 

 

R
i*

 v
a

lu
e

s

Ri*

24 22 20 18 16 14 12 10

0.0

5.0E8

1.0E9

1.5E9

2.0E9

2.5E9
Ri*_m= 24.0

             7.0

             145.0

             156.0

             124.2

 

 CH4         z=60 mm

 C2H5OH      42 mm

 C3H8           25 mm

 C7H16         70 mm

 C12H23       60 mm

H
e

a
t 

re
le

a
s
e

 r
a

te
 [

W
/m

3
]

Radial position, x [mm]

HRR
Ri*_p= 731.5

             7.5

              21.7

              39.2

              17.6

Methane qf = 12.0 L/min and φg = 0.6

methane ethanol propane n-heptane kerosene
1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

10

100

3.07E-01

2.51E-02

7.73E-03

3.13E-04

 

 

R
a

y
le

ig
h

 p
a

ra
m

e
te

r 
R

a
(x

)

Fuels

4.75E-06



Thanks 


