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Abstract: Performance of an interstage turbine burner with an acoustic energy nozzle
was investigated experimentally. The experimental result shows that the air excess coeffi-
cient of lean blowout is in the range of 25~ 35 under the condition of Mach number being
0. 20~0. 40, and the range of stable combustion is relatively wide. The uniformity of outlet
temperature distribution is improved with the increase of air excess coefficient. The combus-
tion efficiency is in the range of 96 % ~98% ., and it decreases as the air excess coefficient de-

creases. Inlet Mach number has little effect on ignition performance, lean blowout perform-
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ance, outlet temperature distribution and combustion efficiency. The maximum wall tem-
perature locates on the after-wall of the cavity. The total pressure loss coefficient is in the
range of 0. 03~0. 11, and it is about 0. 015 higher in hot state than in cold state. The emis-
sion index of CO is in the range of 20~46 and that of NOx is in the range of 0. 9~2. 1. The
inlet Mach number and air excess coefficient both have significant effect on the pollutant

emission.

Key words: interstage turbine burner; trapped vortex combustor;

acoustic energy nozzle; combustion performance; performance experiment

[1-4]
b b
0.4~0.5, , Acoustic energy nozzle
100~300 K. N Cone of fuel
(s 072 | 7777
' | i
-7
. (571 — 1
20 90 ’ .
b b
N N
s . Case Cavity zone Mixing zone
s Inlet Outlet
[89] () AT 15
b
b
[4.10-11]
’
b
b
b b
(b) g )7
1 1
L1 Fig. 1 Structural diagram of combustor
1 s 1.2

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1144 28

[12-13]

[12.,14-15]
b

Nazzle
/

Resonator

Fuel—» |

Air — |— —————

Fuel— III

2 [15]

Fig. 2 Structural diagram of fluid dynamic
[15]

ultrasonic atomization nozzle

Fig. 4 Picture of experimental system

, 3 5 2 5 ,
3 , ,
b b ’ 3 ’
45 30 , )
1  /em?,
Testo 360

b

0,,C0,CO,,NO,NO, ,

s 3
3
Fig. 3 Picture of atomization experiment ’ 5 ’ K
.
s 14
b
’ Position of nozzle
(SMD) Hoet I /](
20 pm, SMD 5 . . 14
4 -’ ~ —9 k
3 10
. 2 @
. SMD 39~130 pm"'*, !
Hole 2
b
5
1.3
Fig. 5 Sketch map of measurement positions
N of wall temperature

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 : 1145

1 2.2
1 s (OT-
Table 1 Precision of measuring devices DF) s
/%
’ b
0.5
b 9
0.2 ,  OTDF
0.2
1 7 , AT
<2.8 : , OTDF 0.2,
; , OTDF
b
2
b
(Tine)
600 K , (Ma)
0.20~0. 40.
0.30
2.1 —u— AT=100 K, a=28
0.25F —e— AT=150K, =18
6 ) a —a— AT=200K, a=14
0.20 + k//*\‘
5~10. , .
a — ¢
= 015k
R o .’___,_._-——I—-_._._‘_‘_‘_\‘_‘_‘_‘—.
. . 0.10
’ ’ 0.05 F
’ n 1 1 1
0.15 0.20 0.25 0.30 0.35
Ma
50 7
—m— ok ' Fig. 7 Temperature distribution characteristic
401 —e— BRI
at outlet

30 F \./0/’_//4
’ ’

]
20+ ,OTDF
, OTDF s
10+
— g ——— %———n
0 L i i i L
0.15 020 025 030 035 040 045
Ma
6 b
Fig. 6 Performances of ignition and lean blowout ’
a 25~35, . 8 (Ma=0. 21,
s . a=14,T;,,=600K),
(Ma=0.25,a=28) . ,

b b ’ ’

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1146

28
b b
8 ) 3
, 9 (Ma=0. 21, ) ;
0(:189Tin131:600K), N N
’ ’ 2.3
8 , s
b
’ ’ { » )
’ ’ [17]
; 11 : 7 9606~
98 %. ,
ok T T T T T el ’
620 640 660 680 700 720 740 760 T80 800
b
20
E [
£
=
0 50 100 150
X/mm 100
Nozzle position 98
; \ : LA
&
= 96
Fig. 8 Outlet temperature distribution of low Mach
94}
number at inlet,low air excess coefficient —u- AT=100 K, =28
—o— AT=200K, a=14
kK T T T T ] 92 . . . .
600 616 631 647662 678 693 709 724 740 015 020 025 030 035 040
20 Ma
£ [ A
g
= e o 11
0 S0 100 150 e 11 Combustion elfic
X/mm 1g. ombustion elliciency
9 N
b
b b
Fig. 9  Outlet temperature distribution of low Mach
number at inlet, high air excess coefficient ’
’ b
8 s ,
, 10 (Ma=0.25,a=14,
2.4
Tinlet - 600 K) ]
]-2 ( Tinlet -
b
600K,Ma=0.21), s
b 8 b
b
b 9
ok T T T T [ e .
640 658 676 693 TI1 729 747 Te4 TRZ 800
- 20 , ;
g [
= -—A_I_I_l_l_‘l_l_l_l_l_l_ H
0 50 100 150
X/mm s
10 .
b
Fig. 10 Outlet temperature distribution of high Mach , , ,

number at inlet,low air excess coefficient

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



wl

1147

1400

1300

1200 | —m— AT=100 K, a=28

- 1100

=

= 1000

=~

900
800
700

After |

wall

Mixing

\\'-"”

| Upper
wall

Fore
wall

—o— AT=150 K, a=18

[ —a— AT=200K, a=14

R 1

1

23

7 8 9101112131415

4 56

No. of measurement point

12
Fig. 12 Temperature distribution characteristic
on wall
2.5
b
b
b
13 s
c 0.03~0.11, ,
(2 ’ H 200
K o 0. 015 ,
b
b
b
0.12
[ = AT=0K, a=0
0‘“’_‘ —e— AT=200K, a=14
0.08F
0.06
5 L
0.041
0.02+
0 0.65 f}.llﬂ D.Ilﬁ O.IZD 0.I25 ﬂ..'lﬁl'] 0.55 0.40
Ma
13
Fig. 13 Characteristic of total pressure loss
14
(T =600K,a=14), R
b
b b

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

40%
’ b b
5 ’
14
100
. 80F
IS
S 60
o
_E L
T 40
£ | - Ma=021
£ W0k —o— Ma=0.25
—4= Ha=0.33
U 1 1 1 1 i 1
1.OO 1.02 1.04 106 108 1.10 1.12 1.14
P :..‘l,.””'] MPa
14
Fig. 14 Total pressure distribution along height of
channel in vertical direction at outlet
2.6
(
» )
CO NOx (ED,
[18]
CO 15 , CO
(EICO) 20~46. , EICO
b
b
s CO CO,
b b b
CO ,
EICO , ,
60
S0+
— 40}
%E I
%I o /
= 20f
ok —m- AT=100 K, =28
| —o— AT=200K, a=14
n i i 1 i
0.15 0.20 0.25 0.30 0.35 0.40
Ma
15 CO
Fig. 15 Emission index of CO

http://www.cnki.net



1148

, s CO
CO,.
NOx 16 , NOx
(EINOx) 0.9~2.1.
, EINOx s ,
, , EINOx ,
NOx
3.0
251
= 201
-
< I
2 150
Z L
= 1ot
sl —m— AT=100 K, =28
L —o— AT=200K, a=14
0 . . : :
0.15 0.20 0.25 0.30 0.35 0.40
Ma
16 NOx
Fig. 16 Emission index of NOx
, EINOx ,
NOx
2.7
[4.10,16] ,
, ( N
N . )
3
i) 0.20~0.40 ,
5~10, 25~
39,
2)

[1]

2]

[3]

[4]

L7]

L8]

[10]

[11]

28
3) 96% ~98%,
4) R .
5) ,
6) 0.03~0.11,
0.015
7) CO 20~46,
.CO
8) NOx 0.9~2.1,
,NOx

Sirignano W A, Liu F. Performance increases gas-turbine
engines through combustion inside the turbine[ J]. Journal
of Propulsion and Power,1999,15(1):111-118.
Chen G,Myron A H.,Roger L. D. Gas-turbine performance
improvements through the use of multiple turbine inter-
stage burners[ J]. Journal of Propulsion and Power, 2004,
20(5) :828-834.
Liew K H, Urip E, Yang S L. Parametric cycle analysis of a
turbofan engine with an interstage turbine burner[]].
Journal of Propulsion and Power,2005,21(3) :546-551.
[D].
,2009.

XING Fei. Research on combustion organization and per-
formance optimization of trapped vortex combustor be-
tween blades of turbine[ D]. Beijing: Beijing University of
Aeronautics and Astronautics,2009. (in Chinese)
Liew K H, Urip E, Yang S L. Performance cycle analysis of
turbofan engine with interstage turbine burner[ J]. Journal
of Propulsion and Power,2006,22(2) :411-416.
Siow Y K, Yang S L. Numerical study and of interstage
turbine burner[ R]. ATIAA 2002-3727,2002.
Lee A S, Singh R, Probert S D. Two-combustor engines
performances under design and off-design conditions[ R].
ATAA 2009-4838,2009.
Hsu K Y.Goss L P. Performance of a trapped-vortex com-
bustor[ R]. ATAA-95-0810,1995.
Roquemore W M, Shousese D, Burrus D, et al. Trapped
vortex combustor concept for gas turbine engines[ RJ.
ATAA 2001-0483,2001.

, , . Lyl

,2010,25(7) :1512-1517.
ZHANG Rongchun, FAN Weijun, XING Fei. Study of wall
temperature on the interstage turbine single vortex com-
bustor[J]. Journal of Aerospace Power,2010,25(7):1512-
1517. (in Chinese)
s s . /
L1l .2011,26(6) :1328-1333.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1149

[12]

[13]

[14]

ZHANG Tao, SONG Shuangwen, FAN Weijun. Experi-
mental study on lean-blow-out of double/ fuel-lean trapped
vortex combustor[ J]. Journal of Aerospace Power, 2011,

26(6):1328-1333. (in Chinese)

AR ,2004, 26 [16]
(1):19-23.
SUN Xiaoxia. Recent research advances of ultrasonic at-
omizer[ J]. Industrial Furnace,2004,26(1):19-23. (in Chi-
nese)
. . [M].
,2002.
s s .o /
[J]. .2012,27(2) : 335-342. [17]
JIN Yi, HE Xiaomin, WU Zejun,et al. Investigation on the
performance of an ultrasonic/pressure-swirt hybrid injec- [18]

tor[J]. Journal of Aerospace Power,2012,27(2):335-342.
(in Chinese)
Lyl

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

,2006,27(4) :14-17.
LIANG Rong., DANG Xinan, ZHAO Xiaojuan. Research
on design of ultrasonic atomizer[J]. Shanghai Nonferrous
Metals,2006,27(4) :14-17. (in Chinese)

[Jl , 2011, 26 (11);
2495-2502.
ZHANG Rongchun, FAN Weijun, SONG Shuangwen. At-
omization and evaporation performance experiment of
evaporating tube for trapped vortex combustor[ ] ]. Journal
of Aerospace Power, 2011, 26 (11):2495-2502. (in Chi-
nese)

. HB 7485—97
Jbmt: EE TIEAT, 1997.
rhe N RILATE A28 Tolk . HB 6117-87A1 2 Uit
[s].

[s].

,1987.

http://www.cnki.net



