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Abstract: With themulti-source vortex (MSV) structure fixed on the exit plane of axial
swirler, the flow field of combustor was simulated and the effect of MSV on the mixing err
hancement of fuel/air was studied. The total temperature of the air inlet was 294. 28K and
the fuel was ethane (C2Hs). The results indicate that, a small scale streamwise vortex is
produced downstream each tab, helping enhance the local mixing of fuel and air. The mixing
norr uniformity is 13. 0% for combustor without MSV, while it declines to smaller than
7.4% with MSV. The mixing norruniformity decreases when the total blockage of tabs imr

creases, indicating a mixing enhancement of fuel/ air.

Key words: combustor; axial swirler; multi-source vortex (MSV);

mixing enhancement; tab

[1]
[21 « » [3] [4]

5
, Lee Moon'

: 2009 05 20; 12009 08 12

(1985- ),



7 : / 1507

. . , (C2Ho),
, 90°, 73. 55m/
s, 0. 6.
, realizable k€ , ,
2 2 k 8 2
[68] , , 1
2 2 3
2 2 2
[910]
b o 1
Foss, Zaman (el R Table 1 Parameters of tabs
) . Bill
L13] /mm
(1415] ’ 1% / mm
T abO-Br0 0 0
Tab3Brl 3 2.64 1 0. 866
’ Tab3: Br2 3 5.28 1 1.732
T ab3 Br3 3 7.92 1 2.598
MSV( ) ,

( )
1
1
(T ab0- Br0) Fig. 1 Geometry of axial swirler with MSV structure
) 1,
0.5D ,
. , )
22. 14m/ s, 1. 9kg/m’,

Fig.2 Grid system of the combustor

294.28 K,



1508

25

FLUENT 6.3 , w z , ,
w Y
2 ) [ 17] )
4 vy
2 v :)/ 2
[ 16] [17]
40 .
? = CEEE
3 Wy , —+— 3R (17 f%"'._
201 A ;
e
. £
E 0r iy Tt
_o0F I
20 s
9% 20 10 o 107,20 30
y/mm
(a)z=3 mm
307
= SGE £
\ i
208 —+— XER[17] £ %
. ] Y
. Sl C WEK Pk
55 —+— Tk [17] £ 10F
4l :
ok
15+
10t
E; S5t 20 L L ) 1 L |
z =30 -20 -10 0 10 20 30
y/mm
-S5r (b) z=6 mm
201
_15k +
L 1 1 1 1 1 S Jj' -
30 20 10~ 0 10 20 30 sk . ;gﬁn £t
¥/mm -t ‘l‘%‘k{[ﬁ ] F Y
(b) z=6 mm 10- o ! Er
I
. S 7 ;
257 — e AR (1T = .
H"ﬁ{a 0L
15+ 5
=z -10 . . . . . |
é, 5k =30 =20 -10 0 10 20 30
E v/mm
(€) z=9 mm
_5
4 vy
—15 . . \ . . ) (x = O0mm)
-0 200 -0 ,/0 10 20 30 Fig.4 Distribution of v in y- direction at different
y/mm
(¢) 2=9 mm axial stations (x= Omm)
3 woYy 3

(x= Omm)
Fig. 3 Distribution of w in y direction at different

axial stations (x= Omm)



7 : / 1509

31 3
3
, 3.2 C:z2Hs
6
. z= Ilmm ¥

L8] , ¢ % , P

Jdu Ov x= Omm.

Q= 5- 5 1 > ’
O Ox (h 8 mm
5 Tab3Brl
0. 5mm . . CaHe ,
1,

15 - ,
E B
10}
: 2
5 L ’
E 2
£ of
=
= [ —e=Tah0-Br0
i 1.6F —*—Tab3-Brl
- Tah3-Br2
-10f 1.5F —9-Tab3-Br3 /% £
i 7 [ 3
o d gol,
-15 -10 =
=
=
150
10F
sk
: 6
£ OF z= 1mm %
[ (x=0mm)
-5r Fig.6 Distribution of equivalence ratio in y- direction
i in the plane z= Imm (x= Omm)
-10f
C2Hs X
ST TN ST BT ST S | 19 S
15 -0 -5 0 5 10 15 [19]
x/mm
(b) Tab3-Brl [(tb- B e Pelwl dA
5 0.5 mm S = (2)
Fig. 5 Streamwise vortices contours in the plane J-p. lw | dA

0. Smm dow nstream the swirler exit plane



1510

25

$e Pelwl dA

Jp'lwl dA
¢ W .
2 C2Hs
z= 2mm S.

: (
T ab(- Br0) S

b=

1.4% ,

. 3
2. 64% (
S 7.4%,

2 2

Tab3Br3),S

B

[5]

2 z='2mm
Table 2 Comparison of mixing non uniformity

in plane z= 2mm

Tab3 Brl),

7. 92% (
5:9% ,

571 % S! %

TabG Br0 13.0 T ab3 Br2 6.2

Tab3 Brl 7.4 T ab3 Br3 5.9

) ,

2) C2Hs z=12

13.0%

mm S

7. 4% ,

[2]

[3]

[5]

[6]

[ 7]

[ 8]

[9]

[10]

[11]

[12]

[13]

[14]

3) ) 3
2. 64% 7. 92%
7. 4% 5.9%,

Chen Y, Scarborough D, Liang S, et al. M anipulating pat-
tern factor synthetic jet actuators [ R ]. ATAA 2000
1023, 2000.

Whitelaw J H. Oscillations in gas turbine combustors; corr
trol of rumble, pattern factor and emissions[ R]. N68171-
95 G 9140, 1996.

Overman N, Cornwell M, Gutmark E J. Application of
flameless combustion in gas turbine engines[ R]. ATAA-
2006 4920, 2006.

LI Guoqgiang, Gutmark E J. Effect of exhaust nozzle geonr
etry on combustor flow field and combustion characteris
tics| J]. Proceedings of the"Combustion Institute, 2005, 30:
2893 2901.

Lee C_W.Moon S\Y. An experimental inyestigation of the
effects of turbulence generators attachéd to an axial swirk
et nozzle on mixing and combustion[ J|. Aerospace Science
and Technology, 2002, 6: 517 520.

Ahuja K K. Mixing enhancement and jet noise reduction
through tabs/plus ejectors[R]. ATA A- 1993-3548, 1993.
Zaman-K B M Spreading characeristics of compressible
jets from-rozzles of various geomeries [ J].J. Fluid Mech. ,
1999, 383: 197 228.

Gutmark E J, Schadow K C, Yu K H. Mixing enhance
ment in supersonic free shear flows[ J]. Annu. Fluid
Mech. , 1995, 27: 375 417.

Bohl D G, Foss J F. Characteristics of the velocity and
stream wise vorticity fields in a developing tabbed jet[ R].
ATAA- 950102, 1995.

[D].
, 1996.

HU Hui. A study of mixing enhancement of jet flow by
lobed nozzle and mechanical tabs[ D]. Beijing: Beijing U nr
versity of Aeronautics and Astronautics, 1996. (in Chr
nese)

Foss ] K, Zaman K B M Q. Large and small scale vortical
motions in a shear layer perturbed by tabs [ J]. J. Fluid
Mech. , 1999, 382: 307 329.

Zaman K BM Q, Reeder M F, Smimy M. Supersonic jet
mixing enhancement by “ Delta Tabs” [ R]. AIAA- 92
3548, 1992.

Bill D G, Foss J F. Enhancement of passive mixing tabs by
the addition of secondary tabs[ R]. AIAA-96 0545, 1996.

[J]. , 2001, 27 (6):

687 689.

HUANG Yong, GUO Zhihui, WEI Fuqing, et al. Effect of



1511

[15]

[16]

[17]

tabs on the thrust of a convergent nozzle[J]. Journal of
Beijing U niversity of Aeronautics and Astronautics, 2001,
27(6): 687 689. (in Chinese)
, ) . [J1.
, 1999, 20(5) : 86 90.
HUANG Yong, WU Jianhang, WU Shousheng. Investiga-
tion on jet mixing enhancement by small tabs[ J]. Journal
of Propulsion T echnology, 1999, 20 (5): 8690. (in Chr
nese)
CaiJ, Jeng S M. T he structure of a swirt stabilized reacting
spray issued from an axial swirler [ R]. ATAA 2005
1424, 2005.
Davoudzadeh F, Liu N S, M oder J P. Investigation of swir

ling air flows generated by axial swirlers in a flame tube

[ 18]

[19]

[C] I Proceedings of GT 2006 ASME Turbo Expo 2006:
Power for Land,Sea and A ir. Spain, Barcelona: ASME,2006.
[ M].
,2002: 63.
CHEN M aozhang. Fundamentals of viscous fluid dynamics
[M]. Beijing: Higher Education Press, 2002: 63. ( in Chr
nese)
R R . /
[J]. , 2008, 23( 3) : 235 239.
LI Yuhong, SUN Baocheng, QI Haiying. A numerical stud
y of the fuel/ air mixing law specific to the premixing sec
tion of a gas turbine combustor|[ J]. Journal of Engineering
for Thermal Energy and Power, 2008, 23( 3) : 235239. (in
Chinese)



