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Abstract: In order to investigate the time sequence of air throttling on ignition and flame stabilization in the
Scramjet combustor, thirteen experimental cases on the combustion characteristics of a kerosene—fueled Scramjet
engine were investigated, which are enhanced by pilot hydrogen and air throttling. Two pressure monitors are
used to monitor the flame state, wall pressure measurements, Schlieren images, and OH-PLIF are applied simul-
taneously to obtain information on the flow field and flame development. The results are obtained under inflow
conditions of Mach number of 2.0, a stagnation temperature of 950K, and a stagnation pressure of 0.82MPa. With
the aid of air throttling, the kerosene is ignited by the pilot flame, and the kerosene flame remains stable even af-
ter the pilot hydrogen is switched off. The speed of the shock train generated by the throttling air and combustion
is about 52m/s in the expansion section, but only about 3.7m/s in the cavity region. Whether or not flame is stable

can be distinguished by the monitor pressure, and the critical curve of flame stability is obtained by investigating
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the thirteen cases. When the case point locates in the right—up region of the critical curve, the flame is stable.

When the case point locates in the left—down region of the critical curve, the flame will be blown off. There is a

special case lying on this curve for which the flame is unstable and will be blown out before the throttling air is

switched off.

Key words: Combustion characteristics; Scramjet; Flame blowout; Stable flame; Supersonic flow
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Fig.2 Facility operating sequence for each test

Table 1 Time sequence for each test

Point Time sequence
ty Cold flow starts
t Pilot hydrogen injection and ignition on
t, Kerosene injection on
ty Air throttling on
ty Pilot hydrogen and ignition off
ts Air throttling off

WME 2PN AL ELEWE T 13 M50 1
AR Bl Y 25 5 TR [ E R, 2805 0,173,
RS s NS {1 R W R o A 6 L T A W L R
5Ok 2 R B AR (R,) A RE AN A, M 3.49%-~
27.2% A% KAy — A R RELEAMNE
WA LA AL, AT RIS 6. KRS BIAR



2280 ot

/N 2021 4¢

Table 2 Flame status after the pilot hydrogen was removed for each case

Equivalence ratio Air throttling flux ratio

Coexistence time of pilot hydrogen

Flame status after the pilot

Case of kerosene R, /% and air throttling/ms hydrogen was removed
1 0.173 0.0 0 Pilot flame was blown out by kerosene
2 0.173 27.2 30 Flame was stable, inlet unstart
3 0.173 20.6 30 Flame was stable, inlet unstart
4 0.173 18.3 30 Pilot flame was blown out by kerosene
5 0.173 18.3 70 Flame was stable, inlet start
6 0.173 13.3 70 Pilot flame was blown out by kerosene
7 0.173 13.3 110 Flame was stable, inlet start
8 0.173 11.0 110 Pilot flame was blown out by kerosene
9 0.173 11.0 120 Flame was stable, inlet start
10 0.173 6.4 120 Flame was blown out finally
11 0.173 6.4 140 Flame was stable, inlet start
12 0.173 3.4 180 Pilot flame was blown out by kerosene
13 0.000 0.0 0 Nonreacting flow
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Fig. 6 Schlieren images in part “c” of the process
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Fig. 7 Representative instantaneous OH-PLIF images of the pilot flame
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