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Effect of elliptical and compositive cut at trailing edge on the
performance of a lobed mixer

LIU You hong, XIE Yi;” GUO Nan

(School of Jet Propulsion,
Beijing University of Aeronautics and A stronautics, Beijing\100191, China)

Abstract: T he principal effects-of different elliptical and compositive cut at trailing edge
of a practical lobed mixer on the thermal mixing efficiency and total pressure recovery coeffi
cient were studied by three dimensionalcomputational fluid dynamics ( 3D-CFD) numerical
simulation, T 'he results show that the thermal mixing efficiency declines while the total pres-
sure recovery coefficient increases as thecut size of the elliptical sector augments. As for the
models of compositive cut at trailing edge, the thermal mixing efficiency is lower than that of
the original models except for the model with half sector arrangement, but the total pressure
recovery coéfficient-is usually higher than that of the original model. Among all the models

with compositive modification, the model with half sector arrangement has the best performance.
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Fig. 8 Nomr dimensional average streamw ise vorticities of
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at trailing edge

9
’ ’ 150
, 15° . ,
x/ A=
0.5 x/ X2 ,
15° . x/ =2,
, 56. 65% ,
, 55:08%. «x/X% 2
15° ,
1.0
09f 00,07
7

x/ A

Fig.9 Thermal mixing efficiency of compositive angles

cut away at trailing edge

10 ,

, 84.

83.52% .

15
68%,

0.852
0.848
0.844
0.8401
= 0.836
0.8321
0.828
0.824
0.8201

—0°.0°
~o—15°,15°

——15°,0°

54 5.6 5.8 6.0 6.2

10

6.4

Fig.10 Thermal mixing-efficiency of compositive

11

11

0.990
0.988
0.986
0.984
0.982
b 0.980
0.978
0.976
0.974
0.972
0.970

1
Fig. 11

angles cut away ‘at trailing edge

at the exit of mixer

,  x/ =2
, 15°
8 , x/M> 3
, 15°
, 0.9716;
, 0.9729.

T otak pressure recovery coefficient of
compositive angles cut aw ay

at trailing edge



248

25

2.2.2
12 s
(40-20, 0-0) 40-20
,40-20 ((40-20, 40-20),

) .
(0-0,0-0) s (4020, 60) , .
16, 0.81. ,

, 4.24%,
12 s s
x/ A=
4 2 o
3.08.
9
—o— (0-0,0-0)
8 —o— §40-20,40-20)
—a—(40-20,0-0)
7
6
g
5
4
3
T Y s h s 6 7
x/A
12

Fig. 12 Nom dimensional average streamwise vorticities

of compositive sector angles at trailing edge

13

b )

, 11.12%. /X3 ,

2

1.0

—o— (0-0,0-0)
091 -o-§40-20,40-20)
0.8 F [=2—(40-20,0-0)

0.7
0.6

0.4
0.3
0.2
0.1

B 13 MUBEZEA IR A ROR
Fig. 13 Thermal mixing efficiency of compositive

sector angles at ‘trailing edge

086
== (0-0,00)
[ [=)(40-2040-20)

085 | = 40-30.00)

084l
= 083}

082}

081}

0.80 1 1 1 1

54 56 58 60 62 64

B 14 AR AL MR LR A B TE M BOR & B0
Fig. 14 Thermal mixing efficiency of compositive sector

angles at trailing edge at the exit of mixer

15 ,
x/ A .ox/ =1,

0. 9739)



2 : 249

0.992
0990 (00 20)
0.988 e %40-2020-0) ’
0.986 )
0.984 -
0.982} |
© 0980} 83.84% ,
0.978 F 67% , , 81.68%.
0.976
0974
0972 9
0.970 . ; ; y p : —o—(0°/0-0,0°/0-0)
o 1 2 3 4 5 6 7 3 —o— (15°/0-0,0° /40-20)
x/A —a— (15°/40-20,15° /40-20)
7
15 6
Fig. 15 T otal pressure recovery coefficient of g
5
compositive sector angles at trailing edge
4
2.2.3 ’
2 1 1 L 1 A 1
B 0 1 2 3 4 S 6 7
16 xIx
, (157 6:0, 0°/ 40- 20) P 16 R %15 D) Ff £ B T O 1ol 98 O ik 49 1
: 46:20mm : TR

Fig. 16 Non-dimensional average vorticities of

compositive cut at trailing edge

) (15/00,0°/40-20)
0. 376, 5-1%, 1.0

(15°/40:20, 15°/40-20) 0. 286 =

3.7%. ; o7k

9 . ” 0.6

(0°/0-0,0°/ 0-0) , i 1

04}

’ 03 ——(0°/0-0,0° /0-0)
. 0.2 —o—(15°/0-0,0° /40-20)
0.1 —a—(15°/40-20,15° /40-20)
01 2 3 4 5 6 7
) ) x/A
. x/ >4,
5 ) 17 MR LA BT I IR A RO
s Fig. 17 Thermal mixing efficiency of compositive
cut at trailing edge
3.539,3.340 2. 733.
17 18 . ,
) ) x/}\> 1 5
, . 11. , )
7%, 11.32%. x/X 2 ,
) , 0.9752.

, , .ox/ >4,

83.



250

25

0.992
——(0°/0-0,0°/0-0)
—o— (15° /0-0,0° /40-20)
0.988} —a—(15°/40-20,15° /40-20)
0.984}
b
0.980}
0.976}
0972}

18
Fig. 18 T otal pressure recovery coefficient of

com positive cut at trailing edge

[ 1] Hu H, Kobayashi T, Taniguchi N. Research on the mix
ing enhancement performance of lobed nozzles by using
PIV and LIF[ R]. ASME-FEDSM 98 4994.

[ 2] Hu H, SagaT, Kobayashi T. Investigation of the vortex
structures downstream of a lobed nozzle by mean of duat
plane stereoscopic PIV[ R]. Germany: 4th International
Symposium on Particle Image Velocimetry, 2001: 1020.

[3]

[4]

[6]

[7]

[}

[9]

[ 10]

[11]

[12]

Ooba Y, Kodama N, Nakamura Y. Large eddy simulation
analysis of a 18lobe convoluted mixer nozzle[ R]. ATAA
Paper 2002-0717.
[J]. ,2002, 17(3): 280 286.
LIU Youhong, LI Liguo. Numerical simulation of flow
field in circularly lobed ex haust ejector mix er with/ witlr
out a central plug[J]. Journal of Aerospace Power, 2002,
17(3): 286 286. (in Chinese)
[J]. , 2000, 32( 4) :375 380.

LIU Youhong, CHEN Qiang, LI Liguo. Experimental irr
vestigation of internal aerodynamics of periodically axt
symmetry lobed exhaustejector mixers| J]. Journal of
Nanjing University of Aeronautics and Astronautics,

2000, 32(4):375380. (in Chinese)

s

[J]. , 2005, 23(3): 355 359.

SHAN Yong, ZHANG Jingzhou. Numerical investigation
of vortical structures in theobed mixer ejector[J]. Acta
Aerodynamica Sinica, 2005, 23(3) ;355 359. (in Chinese)
LIU Youhong. Experimental and numerical investigation
of circularly lobed nozzle with/ without central plug [J].
International Journal of Heat and M ass Transfer, 2002,
45(12) : 257F 2585.
Witz 1 A, Qiu Y J; Manning T A, et al. Enhanced mix-
ing with-streamwise vorticity [J]. Progress in Aerospace
Sciences, 1997, 33( 5 6) : 323 351.

) . [J1.
, 2009, 24(9):1917-1922.
LIU Youhong, GUO Nan. Effect of cut angles at trailing
edge on the performance of a lobed mixer[ J]. Journal of
Aerospace Power, 2009, 24(9):19171922. (in Chinese)
Cooper N J, Merati P, Hu H. Numerical simulation of the
vortical structures in a lobed jet mixing flow[ R]. AIAA
2005 635.
Frost T H. Practical bypass mixing systems for fan jet
aero engines[ J]. The Aeronautical Quarterly, 1966, 17:
141- 160.

[D].
, 2008.

GUO Nan. Numerical simulation of the flow field and the
optimal design of thelobed mixer [ D]. Beijing: Beijing U-
niversity of Aeronautics and Astronautics, 2008. (in Chr

nese)



