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Abstract: In order to further broaden the ignition and blowout boundary of the cavity trapped vortex flame—
holder at low temperature and high speed flow conditions, a novel preheated and premixed fuel supply method us-
ing core hot gas, is proposed for the evaporating cavity trapped vortex pilot flame—holder. The flow characteris-
tics, fuel distribution characteristics and ignition performance under wide range flow conditions of evaporating
cavity trapped vortex pilot flame—holder are obtained. The results show that the vortex structure formed inside the
cavity and mixing chamber of the evaporating cavity trapped vortex pilot flame—holder provide favourable condi-
tions for ignition and combustion at low temperature and high speed. The fuel spray distribution in the vortex zone
of the cavity is evenly distributed in the flow direction, and decreases from the richest of the symmetrical meridi-
an surface of the flame—holder to the poorest of the middle surfaces of the adjacent flame=holder along the circum-
ferential direction. At the same flow temperature, the lean ignition and blowout equivalent ratio of the evaporating

cavity trapped vortex pilot flame—holder increases with the increase of the inlet speed. Under low temperature
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(600K ), high speed (100~200m/s) flow conditions, compared with evaporating Z—-shaped flame—holder and tra-

ditional film evaporation flame—holder, evaporating cavity trapped vortex pilot flame—holder can decrease the ig-

characteristics; Ignition characteristics; Equivalent ratio
1 5]

nition equivalent ratio by 5.5% and 30%, respectively. Blowout equivalent ratio can be decreased by 37.4% and
Key words: Afterburner/ramjet multi-mode combustor; Cavity trapped vortex; Pilot flame-holder; Flow
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Fig.1 Schematic of evaporating cavity trapped vortex pilot

flame-holder

Table 1 Structural parameters of evaporating cavity

trapped vortex pilot flame-holder

Nomenclature Parameter
Height of the front wall of cavity H, H,/L,=0.8
Height of the back wall of cavity H, H,/L,=0.6
Height of rectangular intake slot h h/L,=0.64
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Fig. 2 Schematic of test section design
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Fig. 3 Flow simulation results of the rectification segment

Fig. 4 Calculation model
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Table 2 Boundary conditions

Position Boundary condition Parameter
v,,=200m/s
Combustion chamber inlet Velocity—inlet
T, =600K
Combustion chamber outlet Pressure—outlet p.=101325Pa
Stationary wall Wall \
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Fig. 5 Select section of calculation result
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Table 3 Comparison of PIV test results of the main vortex center coordinates with the simulation results
at v,=100m/s; 7, =300K

Item PIV Standard k—¢  Relative error/%  Realizable k—& Relative error/% RNG k-¢ Relative error/%
AX/L, 0.58 0.62 6.9 0.61 5.2 0.71 22.4
AY/H, 0.31 0.34 9.7 0.42 35.5 0.37 19.4
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Fig. 7 Comparison between numerical simulation results

and test results of gas phase C,H,,
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Fig. 8 Streamline distribution of evaporating cavity

trapped vortex pilot flame-holder
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Fig. 9 Turbulent intensity distribution of evaporating
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Fig. 11 Particle size distribution of evaporating cavity

trapped vortex pilot flame-holder

I @,,,=0.012. WE 130 LA, A [R) Sk ek
BRI P A BRI 28 R R B B A R RE 1 T i R
s A DR IR BE T L 48R I P A R il 75 % SR Ok i
R RE 0 DR B K o 3X 5 R R I R R R A I A
S5 JE — B 7E 0,=100m/s 5 T, =600K f) >k
T O 4B IR 9 AR T 78 & R 33.5% 5 T 7E v, =
200m/s; T,,=600K [ & it T. 00 T, 8 1 s 79 09 8 Th 2%
BRI E 46.4% R ZE R AR5 & T 12.9% ., X Ui W]
5 2T B 30 (B PR AR A2 #4576 5K UL I B AH X IR LB
JEE AR R = A B0 T, AT LA A R T AR A I T
AR 43 58 WL ZE A FVHR | DA I A A5 A el IR
[ a5 K HEREAS DA ol % .
33 RimmBEAEHE

AR SCHE T B TRT S DX PN B 1 3 T T 2 A4 A
KAV DA R AT 2% S 3V B iR (R BR AR A e A A 0 A
A 14 R T a5 K I A XA
Hor ) AT B a BB T AT BE 10mm , 5K b i
5 T S BT RE 30mm . 7 4 O AN [R]85 KORE B Y A K
M, I A R R AE SN E a kb, B
KA B FE T MR A2 T AR A D DR R Y
PO TR o X A5 35 T AR [ 90 XAk A R I 8 AR X
I R0 43 A1 o DAL IR T B 3 (PR AR 4 1) o K
R A ST A TR DX e

2206053-7



Ba4t B — b 28 R T s T 30 DR ARUE  (9 UE 3l 5 SO PR RE A AY 2023 4
[ EEEEEE N | T T E
Equivalentratio 0.1 03 05 07 09 11 13 15 Equivalentratio 0.05 0.15 025 035 045
(0111-177»:
(a) Section 1 (b) Section IT
R EEEEEY | B (T,
Equivalentratio 01 03 05 07 09 11 13 | Equivalentratio 0.1 03 05 0.7 09 1.1
(¢) Section 111 (d) Section IV
Fig. 12 Fuel spray distribution of evaporating cavity trapped vortex pilot flame-holder
100 Spark Velocity/
N v, =100m/s R (m/s)
—a— v, =200m/s
§ 80 |
(5]
E 70t
=i
.g 60 F
s
2 50+
i
40 +
30 Fig. 14 Ignition position

600 650 700 750 800 850 900
LXK
Fig. 13 Evaporation rate of C,H,, in the mixing chamber

under different flow condition
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Table 4 Ignition and blowout equivalence ratio at different

ignition positions

Positions a b
Ignition equivalence ratio 0.0195 0.0225
Blowout equivalence ratio 0.0102 0.0126
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