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Experimental Investigation on Flashback of
Pre-Vaporized Kerosene Pre-Injected in
Isolator of a Dual-Mode Scramjet Combustor
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Abstract: The ignition and flashback characteristic was investigated experimentally in a dual-mode scram-
jet combustor in which the liquid kerosene was pre—injected and pre—vaporized in isolator. The flame flashback
with boundary propagation upstream was compared between Ma2 and Ma3 corresponding to the typical initiation
and cruise flight condition. Results indicated that the risk of flame flashback and combustion induced choke un-
der dual-side pre—injection increased because of enhanced transverse fuel mixing in main—flow compared with
single-side case. The gaseous kerosene mixture was more easily formed which helps the flame propagation up-
stream due to the higher total temperature of Ma3 condition.
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Fig.1 Schematic of expanding combustor model

AR B 5 R FH be SRy Sk A R AT
AT g AR A T A O e S LD L R S R s R
SR SRR SEIE EE T . R 1 AR ST ik
LB S H, 43 0% R T SR () R A o R Sh B
g T R A T, AT 3 g A S B B A
H AR Ma 50 D045

A KRB R B 7 R B AR 4 LA
W T 45 B TR A5 KR E BE A5 OB B DL B TDLAS ] 4
B, 2k, R TAERE AR L, & 7 m
FE b IR BT 55 TR .

22 BRIGEE

R SCHT BT B B = ) = 4 25 4 T R 2Ca) B
IR o BERIRBE A bR B P bR Pk B
IR . KBRS A R B B A 1531, st D 5L
s A L A KA A R ) A KRR e o R Y O 4
i 2 50T AR Al 3 6 B R R AT ST T e . MR BRI b
FE B AR Al 30 T AT R, AT 4 0 A BB B
SR R PTAR A R R e . B 2(b) TR
I 14 BR B8 25 P R T 4 ) TR R T o S 2k Sk R e i B
T %6 B P, R 6 3 % 3 sk T i B RS 1 T S B A R

Table 1 Typical condition of air heater simulated for Ma2 and Ma3

Incoming velocity Total temperature Static temperature Total pressure Static pressure Mass of air
Ma T /K T./K p,/MPa p./MPa M/ (kgls)
2 890 556 0.69 0.09 1.82
3 1680 702 1.72 0.04 1.09
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Fig.2 Schematic of expanding combustor model
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Table 2 List of experimental configuration under Ma2 condition

Lists of Types of Position of ignition Scheme of injection
ignition test combustor device Position—number—pressure/MPa Mass flow/(g/s) Equivalence ratio
1 070101 A pl-PJ] K3-10-2 M, =108 0.83
2 070201 A pl-PJ & p2-HS K1-3-3 M, =22 0.392
K1-3-4 M, =24 0.511
3070202 A p1-HS & p2-P)
n-1-5 M., =36 0.285
4 070203 A pl=-HS & p2-PJ K1-3-4 M, =24 0.347
K1-3-4 M, =24 0.511
5 070204 A p1-HP & p2-P)
n-1-3 M, =218 0.171
K1-3-4 M, =45 0.344
6 070302 A p2-HS
11-3-3 My, =218 0.165
K1-3-5 M, =26 0.2
7 070303 A pl1-HS & p2-PJ
Nn-33 M., =22 0.172
K1-3-4 K3-3-4 M, =50 0.386
8 070601 A pl1-HS & p2-PJ
11-3-3 M, =212 0.166
K1-3-4 K2-3-4 M, =50 0.389
9 070602 A p1-HS & p2-PJ
11-3-4.5 M., =314 0.248

Table 3 List of experimental configuration under Ma3 condition

Lists of Types of Position of ignition Scheme of injection
ignition test combustor device Position—number—pressure/MPa Mass flow/(g/s) Equivalence ratio
K1-3-4 K2-3-4 M, =50 0.646
1 070701 A p1-HS & p2-P]J
11-3-3 M, =225 0.300
K1-3-4 K2-3-4 M, =50 0.634
2 070702 A p1-HS & p2-P]J
1-3-3 M, =22.5 0.289
K1-3-3 K2-3-3 M, =44 0.560
3 070703 A pl-HS & p2-P]J
11-3-5 M., =349 0.446
K1-3-3 K3-3-3 M, =44 0.561
4 070704 A p1-PJ & p2-HS
11-3-4 My, =287 0.367
K1-3-4 K3-3-4 M, =50 0.640
5 070802 A p3-PJ
11-3-5 M., =354 0.451
K1-3-4 K2-3-4 M, =50 0.643
6 070901 C p3-PJ
11-3-5 M., =358 0.454
K1-3-4 K2-3-4 M, =50 0.636
7 070902 C p3-PJ
11-3-5 My, =362 0.472
K1-3-4 K2-3-4 M, =50 0.633
8 070904 B p3-PJ
11-3-5 M., =338 0.425
K1-3-4 K2-3-4 M, =50 0.632
9 071001 B p3-PJ

11-3-5 M., =35.1 0.443
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Fig.7 Pressure distribution of ethylene combustion in

cavity combustor under Ma2 and Ma3 condition
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Fig. 8 Experimental results for single expanding combustor
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