Dec. 25 2019 Vol. 40 No. 12
Acta Aeronautica et Astronautica Sinica ISSN 1000-6893 CN 11-1929/V

http: /hkxb. buaa. edu. cn hkxb@buaa. edu. cn

: . , . [J]. , 2019, 40(12): 123224. MENG Y, GU H B,
ZHANG X Y. Influence of microwave on structure of supersonic combustion flame[ J]. Acta Aeronautica et Astronautica Sinica.
2019, 40(12): 123224 (in Chinese). doi: 10.7527/S1000-6893.2019.23224

1.2 2, % 1.2
s ’
1. s 100049
2. s 100190
. ) 2. 59 ’
s 500 W 700 W 2.45 GHz , CH* o
: V4347, 3 : A . 1000-6893(2019)12-123224-09
b Y b
N e o O N, (*).0,('Ay) )
’ (Low == s
0.5 ms) , 3
(t;,2~1~2 ms) Ll . ,
( ) s
. ;@ .
Y b
[4-8] .
b o
. ’ N
4 . Starikovskiy Aleksan-
o107, (q) X drovt'
;@ ’ .
: 2019-06-18; : 2019-06-27; : 2019-07-12; : 2019-07-24 10:01

: http: /hkxb. buaa. edu. cn/CN/html/20191208. html
: (11772342)
* . E-mail: guhb@imech.ac.cn

123224-1



b

Lz 1.5 kW
s 1.8, 950 K,
1.5~2.5 MPa,
0.2~0. 3, s
(1]
2.52, 1199 W,
17%,
[15]
[16]
2.92, 1650 K, 2.6 MPa,
0.152, s
Jaggers  von Engell'™ 1971
50 Hz 5 MHz ,
20%
Shinohara [
2.45 GHz, 150 W 300 W

Stockman

(PLIF)

o

Michael
1 kHz

b

[31]

123224-2

’

CH OH

Khodataevt'®” ,
[20-23]
[24] 2.45 GHz
(FRS) .

(PIV)

20%,0OH
C2s] 3 GHz.

[26]
[27]

[28-30]



CH* ,
1
1.1
21%, o
2°%, 40 mm,
80 mm, o
2. 45 GHZ ’
1. 2 . 2

1

Fig. 1 Schematic diagram of scramjet structure
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Fig. 2 Scramjet model and installation position of
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Table 1 Experimental parameters

/W
Case Al 12121722 0.15 0
Case A2 12121803 0.15 500
Case A3 12121928 0.15 700
3

Fig. 3 Experimental time order
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Fig. 5 Simulation result of cavity electric field intensity
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Fig. 7 Pressure along combustor path at different powers
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Fig. 8 Average of CH* picture of flame mode
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Table 2 Calculation results of fractal dimension of

Fig, 11
/pixel 64 32 16 8 4 2
64 161 386 935 2116 4527
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Fig. 12 Calculation results and fitting curve of

fractal dimension
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Table 3 Calculation results of fractal dimension of 3
experimental flame boundary image 1%,
s

Case Al Case A2 Case A3 .
120000 1.232762 1.298 255 1.327407 2)
130000 1.191611 1.256778 1.364188 . .
140000 1.234812 1.29471 1.330473 .
150000 1.224332 1.235208 1.357763 .
160000 1.199538 1.273982 1. 350057 o
170000 1.212426 1.294134 1.376 17 3)
180000 1.22103 1.314872 1.276 479 N
190000 1.174277 1.312942 1.265276 .
200000 1.178 31 1.293473 1.328107 )
210000 1.214214 1.279373 1.322807 .
220000 1.199 253 1.264113 1. 33276 o
230000 1.260738 1.251003 1.364 397
240000 1. 180264 1. 287954 1.360534

1.209505 1.281292 1.335109 o
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Influence of microwave on structure of supersonic combustion flame

MENG Yu'?, GU Hongbin> * , ZHANG Xinyu'?

1. School of Engineering Science . University of Chinese Academy of Sciences, Beijing 100049, China
2. The State Key Laboratory of High Temperature Gas Dynamics , Institute of Mechanics . Chinese Academy of Sciences ,
Beijing 100190, China

Abstract: Plasma assisted combustion in supersonic flow is a promising method. The effect of microwave on the flame struc-
ture is studied by feeding low-power microwave into the combustor of the scramjet. The combustor inlet flow Mach number is
2.5. Room temperature ethylene is injected perpendicular to the combustor wall. Single stage cavity is used as flame stabi-
lizer, and 500 W and 700 W continuous 2. 45 GHz microwave are added into the combustor. A high-speed camera is used to
capture flame CH* illuminating images. After the addition of microwave. the stable position of the flame changes from cavity
shear layer flame to jet flame, which indicates that the microwave has an effect on the flame propagation speed or the com-
bustion reaction rate. Using the method of flame boundary extraction and fractal geometry, this paper finds that microwave
can increase the fractal dimension of flame boundary, indicating that the propagation rate of flame increases due to the addi-

tion of microwave. The paper concludes that a low power of microwave can assist supersonic combustion.
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