
Trapped Vortex Combustor NOx

1.

(NOx)
NOx 1)

NOx

NOx
2) RQL Rich-Quick mixing-Lean(

) 2 NOx
3) - 6) 1

NOx NOx
2 2

Thermal NOx
NOx

NOx
Trapped Vortex 

Combustor( , TVC ) RQL 7) – 

10) 1
2

RQL NOx

NOx
NOx

TVC



NOx NOx

2.
TVC 1

MW MW
600 mm

80 mm
10 41 mm

25 mm
5 mm

3 mm

RQL

2

10 L/min KOFLOC 3200 5 L/min 50 L/min Yamatake CMQ-V

1  TVC



 

HITACHI
VB-040-E2

D = 23 mm

  
 

3.  

(Trapped Vortex Combustor)

(Nikon D40) (Sony 
VX-2000)

 
NOx O2

NOx/O2 (ECL-88AO NOx: O2:
)

 
Umain, 

Qcavity cavity

3  
 

4.  
4.1  

3 3(a)
Separated mode

Primary flame Secondary flame
Primary flame

Secondary flame

 
2   



 

Secondary flame

Primary 
flame Secondary flame

3(b) (c) Primary 
flame Secondary flame

Single mode (Primary flame) Single mode 
(Secondary flame)

3(d) Primary Flame
Secondary Flame

Continuous mode  

NOx
TVC RQL  
 

4.2  
4 Single mode(Primary flame)

Separated mode Primary flame

cavity = 20
Qcavity

Umain Single 
mode(Primary flame) Separated 
mode Secondary flame

Separated mode
Qcavity Umain

Separated mode Secondary 
flame

 

3   

20 30 40 50
4.0

5.0

6.0

7.0

8.0

9.0

U
m
ai
n [

m
/s]

Qcavity   [ 10-5 m3/s]

  Single mode (Primary flame)
  Separated mode

No flame
Stable

No flame
Stable

cavity = 20

20 30 40 50
4.0

5.0

6.0

7.0

8.0

9.0

U
m
ai
n [

m
/s]

Qcavity   [ 10-5 m3/s]

  Single mode (Primary flame)
  Separated mode

No flame
Stable

No flame
Stable

20 30 40 50
4.0

5.0

6.0

7.0

8.0

9.0

U
m
ai
n [

m
/s]

Qcavity   [ 10-5 m3/s]

  Single mode (Primary flame)
  Separated mode

No flame
Stable

No flame
Stable

cavity = 20

 
4  Single mode(Primary flame)

Separated mode Primary 
flame  



Primary flame

Separated mode
Single mode(Primary flame) Primary 

flame

5 Single mode(Secondary 
flame) Separated mode
Secondary flame

cavity = 20
Single 

mode(Secondary flame)
Separated mode Secondary flame

Separated mode Qcavity

Umain

Separated mode Secondary flame Primary flame
Primary flame

Secondary flame
Separated mode Primary flame Secondary flame

Separated mode
Primary flame Secondary flame

6
Qcavity = 27.5×10-5

m3/s

cavity

Umain

Separated 

20 30 40 50
4.0

5.0

6.0

7.0

8.0

9.0

U
m

ai
n [m

/s
]

Qcavity   [ 10-5 m3/s]

 Single mode(Secondary flame)
 Separated mode

cavity = 20

No flame
Stable

No
flame Stable

20 30 40 50
4.0

5.0

6.0

7.0

8.0

9.0

U
m

ai
n [m

/s
]

Qcavity   [ 10-5 m3/s]

 Single mode(Secondary flame)
 Separated mode

cavity = 20

No flame
Stable

No
flame Stable
No
flame Stable

5  Single mode(Secondary flame)
Separated mode Secondary 
flame

0 50 100 150 200
3.0

4.0

5.0

6.0

7.0

cavity

U
m

ai
n [m

/s
]

Qcavity = 27.5 10-5 m3/s

Separated m
ode

O
scillation m

ode
C

ontinuous m
ode

No flame

Single mode (Secondary flame)

0 50 100 150 200
3.0

4.0

5.0

6.0

7.0

cavity

U
m

ai
n [m

/s
]

Qcavity = 27.5 10-5 m3/s

Separated m
ode

O
scillation m

ode
C

ontinuous m
ode

No flame

Single mode (Secondary flame)

6 cavity



mode cavity Continuous mode
Continuous mode Separated mode cavity

cavity Single mode (Secondary flame)

cavity cavity

Umain = 5.9 m/s Umain

cavity cavity = 25 Separated
mode Umain Single mode
Separated mode

Primary flame
Primary flame

4.3 NOx
7(a), (b) Continuous mode Separated 

mode NOx
O2

Umain = 4.5 m/s
Qcavity = 27.5×10-5 m3/s

(y )
1

 y < -15 mm
NOx

Continuous 
mode Separated mode

cavity NOx

Prompt NOx
Thermal 

NOx
NOx

mode y = -45 
mm

Secondary flame y = -45 mm
Secondary

flame NOx

-80 -60 -40 -20 0 20
-50

0

10

20

30

40

50

0
5
10
15
20
25

O
2 [v

ol
%

]

N
O

x 
[p

pm
]

y [mm]

Continuous mode

(a)

-80 -60 -40 -20 0 20
-50

0
10
20
30
40
50
60
70

0
5
10
15
20

O
2 [v

ol
%

]

N
O

x 
[p

pm
]

y [mm]

Separated mode

(b)

7 NOx O2

(a) Continuous mode, (b) Separated mode 



O2 NOx O2

y > -20 mm 7(a) Continuous mode NOx 1  2 ppm
(b) Separated mode NOx

( y  15 mm )
Continuous mode 3(d) y

Separated mode 3(a) y

Continuous mode Separated mode NOx 7
NOx NOx cavity

8 Umain = 4.5 m/s Qcavity = 27.5×10-5 m3/s
7 NOx

NOx NOx
8

NOx

)21(
)21(

2,

2,
,,

Om

OS
NOxmNOxt C

C
CC

Cm,NOx, Cm,O2 NOx O2 CS,O2
NOx

Secondary flame
CS,O2 0 %

8 Continuous mode Separated mode cavity

NOx Separated
mode NOx Continuous mode

NOx
Continuous mode

cavity

NOx
8 cavity

Continuous mode Separated mode
NOx
Continuous mode

Separated mode NOx

0 5 10 15 20 25 30 35
0

10

20

30

40

50

60

70

80

cavity  [-]

 Separated mode
 Continuous mode

[N
O

x]
0%

O
2 [p

pm
]

8 NOx



NOx Continuous mode
Separated mode NOx

Continuous mode Primary flame Secondary flame

3(d) Continuous flame
Secondary flame

NOx

NOx Separated mode Primary flame Secondary flame

3(a) 7 NOx O2 Secondary flame
 Secondary 

flame NOx

“ ”
NOx

5.
NOx

(Trapped Vortex Combustor) NOx

NOx

JFE21

1). , ,  (1999). 
2). , , , ,  (2001). 



3).  Takagi, T., Tatsumi, T., Ogasawara, M., Nitric Oxide Formation from Fuel Nitrogen in Staged 
Combustion : Roles of HCN and NHi, Combustion and Flame, vol. 35 (1979) pp.17-25. 

4).  Rizk, N. K., Mongia, H. C., Low NOx Rich-Lean Combustion Concept Application, AIAA 
Paper (1991) NO.91-1962. 

5).  Anacleto, P., Heitor, M. V., Moreira, A. L. N., The Mean and Turbulent Flowfields in a Model 
RQL Gas-Turbine Combustor, Experiments in Fluids, vol. 22 (1996) pp.153-164. 

6).  Feitelberg, A. S., Lacey, M. A., The GE Rich-Quench-Lean Gas Turbine Combustor, Journal 
of Engineering for Gas Turbines and Power, vol. 120 (1998) pp.502-508. 

7).  Hsu, K. Y., Goss, L. P., Trump, D. D., Roquemore, W. M., Performance of a Trapped Vortex 
Combustor, AIAA Paper (1995) NO.95-0810. 

8).  Hsu, K. Y., Goss, L. P., Roquemore, W. M., Characteristics of a Trapped-Vortex Combustor, 
Journal of Propulsion and Power, vol. 14 (1998) pp.57-65. 

9).  Straub, D. L., Casleton, K. H., Lewis, R. E., Sidwell, T. G., Maloney, D. J., Richards, G. A., 
Assessment of Rich-Burn, Quick-Mix, Lean-Burn Trapped Vortex Combustor for Stationary 
Gas Turbines, Journal of Engineering for Gas Turbines and Power, vol. 127 (2005) pp.36-41. 

10). Edmonds, R. G., Williams, J. T., Steele, R. C., Straub, D. L., Casleton, K. H., Bining, A., Low 
NOx Advanced Vortex Combustor, Journal of Engineering for Gas Turbines and Power, vol. 
130 (2008) pp.36-41. 


