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Abstract: To explore the evolution characteristics of the transfer process of the heat release
area in the first and second rows of cavities of the combustor, under the condition of
Ma3.0 inflow, the direct-connect facility was used to carry out the experiment in which the
total equivalence ratio (¢;) remained unchanged, the injection equivalence ratio of the
first injection point (¢,) gradually increased, and the injection equivalence ratio of the
second injection point (¢,) gradually decreased. When ¢, is low, the flame in the first
row of cavities is the cavity shear-layer stabilized combustion, and the flame in the second
row of cavities is jet-wake stabilized combustion. When ¢, increases to a certain extent,
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and the flame stabilization mode of the first row of cavities transitioned from the cavity
shear-layer stabilized combustion to the jet-wake stabilized combustion, resulting in an
abrupt change in the pressure distribution. Since ¢, is relatively low, the local heat
release is not enough to maintain the first row of cavities as the jet-wake stabilized
combustion. Under the coupling effect of the first and second cavities, the flame will
switch back and forth between the two flame stabilization modes. As ¢, continues to
increase, the heat release of the first row of cavities can make the flame of the first row of
cavities stabilized in the jet wakes. As ¢, continues to increase, the flames on the upper
and lower walls of the first row of cavities will be asymmetrical, which is random. This
asymmetry will become more pronounced and last longer as the equivalence ratio
increases. Finally, ¢, increases to a certain extent, the flame flashback phenomenon
occurs.

Key words: Dual-rows cavities, Combustor, Flame stabilization, Supersonic combustion, Flame
asymmetry
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Fig.1 Brief description of the experimental steps
and the time sequence
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Fig.2 Schematic diagram of the test model
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Fig.3 Schematic diagram of cavity
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Tablel Experimental arrangement of test
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Table2 Start and end parameters of each stage
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Fig.4 Typical measuring point pressure ratio vs.
time
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Fig.5 Typical flame in the S1 stage
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Fig.6 Flame changes when the S1 stage transitions
to the S2 stage

Fig.7 Pressure ratio and differences for different
flame stabilization modes
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Fig.8 Wavelet analysis of pressure of measuring
point P5 in S2 stage
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Fig.9 Flame shape during an oscillation period in
the S2 stage

Fig.10 Contour of the pressure during the
oscillation period in the S2 stage
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Fig.11 Process of the S3 stage flame from
symmetry to asymmetry and back to symmetry
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Fig.12 Asymmetric combustion time and the
cavity-shear stabilized combustion appearance area
in the S3 stage

Table3 Statistics on the proportion of asymmetric
combustion time in the S3 stage

Asymmetric Upper cavity  Lower cavity
flame time burns weaker  burns weaker
ratio time ratio time ratio
23.0% 11.0% 12.0%
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Fig.13 Flame change at the moment of the second
pressure abrupt change

Bl 14 4 P 13 X6 I 2] (1) T BETHI S 1V
ek =&, & RIE 13.995~14.000s 2 8], ¥FE
JE 10T s A0 AL T 340mm A&, T H b
I RTHEM 5 2 0 R 1R, £E 14.001s,
FL IR 700 6 TH S o5 0 S 1e) B As 3h, 5 bR
FHEIM 5 S 25 0 R g BRI S () ARG, s R
Ji 0 St B — e R R O PR A . B 13
AT, 2 @ SN2 — 8 FE Bk 2 B K MG 7E
BARIBA, B4 F1E 14 al 50Kk G A [El ),
BOHEM IS _EUER R AT 1, R IR A7
TE B R 1 B o 3K R BH LIS R 0 = P )R AR
EAREN, XFARRELETEZR. %
JEF] S4 B BURRL S & LA T — AN B
PRI 8 77 655 TU s P 03000 i P e 2733k A T /)
Bordr, WK 15 foR. EREAA/EH B R
b, FEMBVININ 14.0s e EEEHE
400Hz [k, Bl o ABIEIN, 75 M BEAR
f) 14.3s /MBI INE] T 430Hz BT, TAERE)S
1 S5 ME AL, ZRGREAAZE, H
BRI ARTAR L, £ 14.0s £ 15.0s N EAR
AE R XA AE AR b, (H R TEIX /NI R] B Y
— EAFERE R AR P Xk, I 3R B R X AN ]
B AN [ R A7 AE 1 o

Fig.14 Pressure ratio distribution at the moment of
the second pressure abrupt change

Fig.15 Wavelet analysis of P6 after the second heat
release zone transformation
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Fig.16 Flame changes during the flame flashback
cycle
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Fig.17 FFT of pressure of some measuring point during flame flashback
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