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Experimental study of flame—shock wave interaction and cylinder

pressure oscillation in confined space
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Abstract: Experiments were conducted in a newly designed constant volume combustion bomb with
orifice plate by varying initial conditions. Hydrogen —air mixtures were used to obtained the turbulent
flame front and shock wave, as well as the processes of flame—shock interactions were tracked by high—
speed schlieren photography. The effects of apertures, porosities, equivalence ratios and distance between
spark and orifice plate on the flame propagation speed, the intensity of shock wave and their interactions
to pressure oscillation were analyzed in detail. It was found that there formed a clear shock wave after
laminar flame passing through orifice plate under certain conditions.The reflected shock wave interacted
with the flame front, which causes oscillating flame propagation. On the other hand, the cylinder pressure
presents a violent fluctuation. It was indicated that the interaction between flame and shock wave was the
reason of pressure oscillation. This work provides a references for the study of knock in SI engines and
shows a method for DDT and pulse detonation phenomena research as well.
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Fig.1 Schematic diagram of the experimental setup
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Fig.2 Flame and shock wave propagation images in the end of

the chamber at different hole sizes
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Fig.3 Flame velocity in the end of the chamber at different hole sizes

K 4 FaRB LB F 12%, ¥IURTE ST 2 bar, A
[ FLAR A LA RS I T AR5 e T 1T 4R T B 2
ARSI Y2 Kistler 6113 B BUGT AL 2%, HOF
FFE R e B B R B 2 A U 30 mm AR IE B, B
R FORMRIE GG R, TR R R
20 kHz =53 P8 %S5 G i 26, FHOR S e o s
Wsh KN NE R AT LA B FLAR A &L Py
JE 3 sh I AE 2 iy 5 3 A fLAR L0 BTN
Ty AR RR B B9 5, 4 mm FLAR A S804 F 7= A 1Y
JE 71 3 iR e 2 B K, 5 8] 0.8 MPa, H Fifi %5 fL
TEOBE TN 4T P R 0% 3 i AR i 14

2.5

Aperture 2 mm (a)

—_
W
T

/vPeak 1.15MPa

mplitude 0.335 MPa
0

4.0 45 50 55 6.0 6.5 7.0
Time/s

o
w

Relative pressure/MPa
(=]
oo
eJN/2Insso1d 193]1,4

0239004-3



B & ot

www.irla.cn

% 46 %

5 2 M
2.5
Aperture 3 mm (b)
< Peak 1.75 MPa
=Ry m
2 E
o o
205 E
2 &
= Amplitude 0.71 MPa g
Z <
,
4.0 4.5 5.0 5.5 6.0 6.5 7.0
Time/s
2.5
Aperture 4 mm (c)
= Peak 1.195 MPa
=Ry m
2 E
o o
Jos s 3
=) Amplitude 0.8 MPa T g
3 °
Z 2
= ‘F
,
1-0.8

4.0 45 50 55 6.0 6.5 7.0
Time/s

P 4 ASTa] £LAR FLARON B P9 R BE 1 0 it 2

Fig.4 History of cylinder pressure at different hole sizes
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Fig.5 Shock velocity in the end of the chamber
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Fig.6 Flame and shock wave propagation images in the end of

the chamber at different porosities

Kl 7 RoR YRR 3 mm, I 4GE ) 3 bar, AR[A]
FLB R AT R E 2 A S KO 558 T 194 6 B B T 1] £
R4 . AN RT LA Y, FLBR A M) | e B T e 5
HEAULI 11 ZE LI B 11 A0, ko B T A o7
B E]R L AR Y, 5 30 52 0 1 i s i i
VR 2 R A AR AL A | SLBRASBOR I, T4k % A= 1E
SAGRR AL B LAY, 7 AR AR R AR R U 2
TEFLBRR 12% B9, nl U H i 2 e sh Ao, B

0239004—4



TNk TAE

5 2 M

XGRS IEE SRR
A el A IR R — B

80

X5 6 oA i

60 _WWVVWVW

L M
J 17

|/
1/

4.3 4.5 4.7 4.9 5.1

Position/mm

——Porosity 6%
——Porosity 12%
Aperture 3 mm
inlitial pressure 3 bar

Time/ms
P 7 TR AL R 3R 55 R T A8 3 A Sy K FA A8 T 194 7 " o T 1 )

AL 2%
Fig.7 Flame front position verses time in the end region of
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at different porosities
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Fig.9 History of cylinder pressure at different porosities
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