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A Study on Cellular Pattern in Detonation Propagation
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Abstract : The present study aims to clarify the mechanism of cellular pattern formation on soot foil records in gaseous
detonation propagation by applying other materials and to find alternative tools for visualization of the cellular structure.
The experimental results show that the magnified images around the lighter soot track by SEM and EPMA well demonstrate
local removal of soot deposit along the trajectory of the triple points. In addition, it is possible to obtain cellular patterns
using CaCOjs particles, fly ash, and heat sensitive paper, instead of soot particles coated on metal foils, while applying Al,O3
particles gives no characteristic pattern. The symmetrical cellular pattern with the soot foil record is shown for CaCO3
particles and fly ash, which suggests that hydrodynamic effects are responsible for cellular pattern formation because of
nonflammability of these particles. The quantitative estimation of sheer stress and tensile strength of agglomerated particles
explains the critical particle diameter required for particle detachment, although the sheer stress is not strong enough for
particle removal in cellular pattern formation. As for the heat sensitive paper, it is deduced that relatively large amount of
heat is transferred to the paper near the trajectory of the triple points. The present results indicate that the soot foil technique

is superior to the other methods in recording the cellular structure under wide variety of experimental conditions.
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Fig.2 Schematic of test section.
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Fig.3 Thickness of soot layer measured by a laser microscope.
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Fig.4 Soot track record. (a) Lighter track; (b) Darker track.
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Fig.5 EPMA image of lighter track on soot foil.
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Fig.6 Back-scattered electron image of lighter track on soot foil.
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Fig.7 Soot track record for a mixture with no dilution of Ar. (a) No
detachment of soot particles; (b) Detachment of soot particles
indicated by solid black circles.
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(¢) ALOs (d= 1 um)

Images of cellular pattern after detonation propagation. No cellular pattern was obtained for Al2O3 particles.
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Fig.9 Images of heat sensitive paper after detonation propagation.
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Fig.10 Secondary electron images of lighter track on soot foil.
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Fig.11 Effects of particle diameter on tensile strength.
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Table 1 Estimated shear stress Tw and displacement thickness 0.

Mixture 7w (N/m2) S (m)
Ar 50% 1.5E+03 3.2E-05
Ar 60% 1.2E+03 3.8E-05
Ar 70% 8.1E+02 4.9E-05
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Table 2  Estimated Reynolds number Re and heat transfer coefficient /.

Mixture Re h (W/m’K)
Ar 50% 1.8E+04 1.9E+03
Ar 60% 2.6E+04 1.4E+03
Ar 70% 4.5E+04 9.6E+02

BRI DG T b o — > 3 VIR E R > S FiR T %
72, ZOBAIREMRR IR C, BRI IR TRbE
ZURNCRET 5 L EA 65,

4.4. wIVIEHRECSRIE A

AR T, 2 ABRRO RSN T, CaCOs K, 7
FA4 T v ¥ a, AbOs KiT, IEEMROD 5 FEOBA % v 7z,
R VM)A W SEBR SR I RIS U C HATE 72 BlSR2TATBE & W
I RT, BIIRTI 2 VERROEIGICRDE L T 3,
CaCO; FiFB L7 54 7 v ald, LIVEREDHIZT
HBTHLLDD, Bl & T 2 LRRIZHE TR >
7. F72 ALOs B3 T b 2= 3 vildic X DAL <
LEv, eABEORSRIITE Aok, 22T, TRl
HEE DN —hH —FHIE 10x102° I~50x10° T TH Y,
ALOs BET- D2 — A —EBE 155x10°T £ 75 7 74 b
DR 13 DIETH D[17], Bk T L FREDOR TR TH >
727 6%, Tl VERGLSR D AIBE &L b s, Ladso
TR NVERROSRO T, WEHOEIC X 2HEE W)
iz, BT 2RFOREICKE CHEEFEL, 0.1 um~0.3
um ICE =7 250 X9 RRRESAORFOHETENL,
IR & FRRE O VGRS e L5 2 6 5.

F 7, LIV IZEEKZ T RSB T H B D3,
RBASRSM LR ZAREI AR L kv E, 73—
¥oa VI D BBV AR L CROLETRD B ©
RN 9 IR ING L)L, M—gHE/THL 7T
VATHERDOHEIC X D 2 VRO SR DO AR 2o, K
BRI 2 OB ATRESEE W EE 2 5.

5. #&8

BRI 172 & TNT CaCOs KL, 7747 v a, AlLOs ki
T, BBGEAE W TT b 2= a3 v OERERO UK
DWTEBRNICHHN, ZDOBEEREIZ DWW TEZZ{To 7,
Z DfER, DT oSk,

1 BB T VB 2 LS 2 BRI O 1, SR

HUCHERLT-23HL D B4t T v 5,

2. WERIF-DIAF D CaCOs KT, 7747 v a, BEEWKE

vz 2 EThbeVBRzZRT 522 LTE S,

3. B O FEERGEAF 1SRG L CHHE 22 SRSk s il e & v 9

T, WR T O MERROFISRICR B IE L TV 5,
4. B R GRBEWIRIE & FRanuc & 2 BIWIG T & o LRk &

D, KTFOMRBEMEZRT I ENTE LD, IVBEKE
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RS 2 FO TR 3 U 2R, i BTG
NEFTIIHHATE 20,

5. EEVK E o VBRRIE, R S E DR & OB B
PO X D L DI I 1523, REXRSM:
ERBGR D A OBIESEE L 72\ & ROV O ZRER D
Lo,

SREF
KD FEMIC B 7= 0, BEEE N KEREER 0T Gl >

=D R TEG ., ZZICE L THEERT.
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