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Self-ignition in supersonic flow induced by
oblique shock wave
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2. Science and Technology on Scramjet Laboratory,

National University of Defense Technology, Changsha 410073, China)

Abstract: Hydrogen and ethylene self-ignition induced by oblique shock wave were in-
vestigated experimentally with incoming Mach number of 2. 5. The process of initial flame
kernel generation and evolvement was observed with schlieren photography and high speed
camera system. The effects of total incoming temperature, fuel injection conditions, cavity
length and oblique shock wave intensity on the process of self-ignition and self-ignition
boundary were studied experimentally. Results reveal that the performance of self-ignition
can be improved by the enhanced effect of incident oblique shock wave on local flow-field.
The low speed circulation zone created in cavity is beneficial to the upstream spreading of ini-
tial flame kernel, and acts as a function of flame-holding for preventing the blow-away of
formed flame caused by flow oscillation. Self-ignition can be extended by increasing the injec-

tion pressure, cavity length and total incoming temperature.

Key words: self-ignition; supersonic flow; initial flame kernel; cavity;

oblique shock wave

KIGPEREHLE I B UL TR AR E R R TR T iz i e
AR LS B G PR HHIE S A (B SR AT R 1 SRBE IR AR R R T AR ﬁa%?%ib??ﬁ W

s B 8 :2015-07-21
HEETE :FX A KRB (111022300 5 B HE7E K 0 T 52 T 5 50 5 28 TF i i A 4 4
TEF TR AT < 5 SO (1984 —) . 55 YT U 5 22 . B BRI 5 5% - 18 L R 5 4503 B AR e I 22 S LAk e i 2 L 5 R WL R e it



378 o= 9 o R

LRI

g KA A ROBIL R AT 43 A S R R A R K
98 38 A UK EE o LRI 1) TR TR RO IR RO
P A% 1B RE i ) 0 JOAZ DL IO B AL AR TR 207 A
BT JHE AL 1 R A A B K AR EE AT AR
TASRENRR. &2 — & m il S nE s
7 HE WG KR FE B LR K SE R I ) o 3%
AR TR BT RO KA L ok T
RPEE T 3% P BR L JCHIL i X KO B R 3o A2 1Y 52
MR TR X T AR R Sl L L R e P R A 4
AR ST A B TR AU B SN 1
RSN A E 2 R IO RRAE A0 BB 5 T 1 A
AR [ 38 X L300 2 DX A )OI 7P 5 R o MRS B 1)
JZ BRORL BT D)2 DB R e SO AL T
AT ME LA 3 88 KBS AE AT R0 BT

AR SCAE P 3 AR AE T S 0 S L0 1R
BHE R S T 1 A Ko R 2 AT 15 5
USCNENCEALISES (SN NN E L P& 7Y ig
FEARAE B HE A s JGR Bt R a5 R A B T i —
A A YU P AR R B KO O B E
PLFE.

1 KB ERKMFGE

1.1 RERS

1 7R i A s 50 1) 8 7 o 098 be BLi%
KEGEWREE. REEEHIXE G R5 LR
HERY R G0 I R G0 2 L o # . 28 R g e i
FREF VIR S8 SRR RS 1 7 X0 A8 B RT3 2
[T R WL = R W<l v R4 L (o2 A M S
F18 R 5 RIS L TR B e T AU T e T A
JIT 5 B S S B AR SCHIF 9T R R O 6 Ak Ma
Wit R 2.5, KA 1 kg/s. TERA B % A

Gi=eoetogs Xy
QW"?’E“ X RS
= 1. D @%%ﬁ

o X9

K1 Akl eRaEsEl

Fig. 1 Sketch of ignition experiment system
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Fig. 2 Sketch of straight combustor (unit: mm)
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Fig. 3 Schlieren evolvement photography of hydrogen

self-ignition
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Fig. 4 Photography of initial flame kernel generation and
evolvement of hydrogen self-ignition by

high speed camera
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Fig. 5 Initial flame kernel evolvement of hydrogen self-ignition with various cavity lengths
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Fig. 6 Ethylene flame kernel evolvement with

combination of ramp and cavity
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Fig. 9 Self-ignition boundary of hydrogen
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Fig. 10  Self-ignition boundary of ethylene
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