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Visualization of Initiation Processes of Film Detonation

Shinji WATANARBE, Tetsuro OBARA,
Teruo YOSHIHASHI and Shigeharu OHYAGI

The detonation wave caused by the combustion of a liquid fuel film coated on an inner tube wall
has recently attracted considerable attention because of its possible role in explosion hazards in
compressed oxygen pipelines. This type of detonation is known as “film detonation” and is classified
as a heterogeneous detonation. The structure of a heterogeneous detonation wave is very complex
because physical processes such as momentum, heat and mass exchanges between liquid film and the
gas phase are coupled with a chemical reaction. Experiments are conducted to investigate the
initiation process of film detonation using high-speed schlieren photography and direct photography.
It is clearly observed that a secondary shock wave caused by the combustion of liquid fuel film plays
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a significant role in the transition of film detonation wave.
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Fig.3 Pressure histories (Case. 1)
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Fig.6 Wave diagram of incident shock wave

Driver Gas : 2H,+0,
DrivenGas: O,
| Kerosene : 83.3g/m?

T

N
o
1

—©O— Case 1
-4 - Case.2
--8& Case.3
- Case.4

_0”....[iu.r‘“.r.‘.m.,.‘ruu
0 0 500 1000 1500 2000 2500 3000
P1 P2 P3 P4 PS5 P6
Distance from Diaphragm , x {[mm]

Fig.7 Wave diagram of combustion wave

B ERBERORERKTH 5. MEENIWEREE OIE
T THY, HEHIHESE CEHBEBAAN L TH 5D
PR TH 5. BBERIIE 3 1R U A 4 EBEHH
BoIh T 2R &R Tz, SEHEEERK I Case.
1S BRBEDOERE CHEIEL Tw 3, Case 113,
P4 LIEOREZMOZELIZIZFCTH B8, 7 b
F—va VEANERT L E COFEHEBIE . RS
WL EHEERY & I3IZE CMERERL, Case. 1 T
PI-P2DEIEHEN/NS W Eh s, FHRELT
MA—v g VEANBET 5 IR OB NEET
HBI NS, K8 IFAHESLPI~P6) BT
ZETABBH LR O BEREZE 4t 2R T
Case. 1 TI, #BEEICT b3 —v a VENARL

350 -
[ Driver Gas : 2H,+0,
300 DrivenGas: O

z I Kerosene : 83.3g/nm?
2250
R
§ 200
= r
° [
2150
& r
o r
X 100 |-
o
8 N
< r
@ sof
[ &
e
0 bdie o Vo b e Ly Uy
0 500 1000 1500 2000 2500 3000

P1 P2 P3 P4 P5 P6
Distance from Diaphragm , x [mm]

Fig.8 Time interval between shock wave and
combustion wave
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Fig. 12 Schlieren photograph (Case. 1, P2)
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Fig.14 Schlieren photograph (Case. 1, P3)
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Fig. 15 Direct photograph (Case. 1, P3)
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Fig. 18 Structure of film detonation wave
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