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Abstract : This paper explores an explanation of soot track formation adopted in visualization of detonation propagation,

compared against previous speculations of formation mechanism. Focusing on the role of shear stress in transporting soot
along the surface, we investigated the non-reactive Mach reflections experimentally with soot foil records and numerically
with three-dimensional compressible Navier-Stokes simulations. Numerical results were compared with experimental results

and used to interpret the effect of shear stress spatial and temporal variations on soot redistributions. The motions of soot

due to surface shear stress were numerically examined with treating soot as both particles and fluid parcel. Numerical soot

foils indicated the same features as those in experiments. The result clearly showed that the surface shear stress was strongly

related to soot track generation.
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Fig.1 Schematic diagram of test section.
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Fig.2  Soot foil record of case 1 (a) experimental record, (b) sketch of
traces F and S.

(b)

Fig.3  Soot foil record of case 4 (a) experimental record, (b) sketch of

trace F.
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Table 1 Experimental conditions.
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case M, 0,[deg.] p, [kPa] P, [kPa]
1 1.9 15 10 280
2 1.9 25 10 280
3 1.2 15 98.6 170
4 1.2 25 98.6 170

Table 2 Computational condition.

case M, 0,[deg] p/p, T,/T, Rex10’ [m"]
A 1.9 15 4.045 1.608 4.271

B 1.9 25 4.045 1.608 4.271

C 1.2 15 1.513 1.128 2.697

D 1.2 25 1.513 1.128 2.697
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Fig.4 Computational grid and boundary condition.
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Fig.5 Hodograph of numerical solution in 3-D boundary layer with
triangle approximation; Johnston (1960).
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Fig.6 Normalized velocity profiles for numerical results (¢ = 0.28)
and three limiting cases (¢ = 1.0, Blasius solution; € = 0.5, weak
shock wave; € = 0.0, very strong shock wave.)
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Fig.7 Relation between local friction coefficient and distance from
shock for numerical results and three limiting cases.
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Fig.8  Soot thickness distribution in case A, (a) fluid model, 4o = 5.0
mm, u, = 8.9 x 10 Ns/m?, (b) particle model, o = 20. um, r, =
0.27 nm (I, Incident shock; M, Mach stem; R, Reflected shock;
broken line, triple point track).
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Fig.9 Soot thickness distribution in case D, (a) fluid model, 40 = 0.9
mm, us = 8.9 x 10" Ns/mz, (b) particle model ko = 25. um, r, =
0.033 nm (broken line, maximum curvature line).

LTk, Mames bEENL—BziEdTE5. £,
IR B X 2 BER R R B OB, Bk 2
REDRNZ EDHERTE 5.

4.2, BERFEORE
WIS B T 2 BUER O Z B2 ERTE 2D T, KIT

HABEE &G 548214675 (2006 4F)

vy NKEEBBL, SAMIGHOMEZIT> 7. AW
SN OREREZ 1) X2 Q) XNATT B Lick i
MR A R DO BUEIRNT 21T > 72, B 8 12 (a) WEAETF LB
X (b) KB TNMIC X DS N D BRS04 %2 7R T
M CE RO ETE EBRESE O LR EKRL TV 5,
8 TIXMFEEP LRI RIS A M & DIRIE L, e <
NN 1 &~y NEEE M 2MERE L T ORh o R
DAL NT D, (@ WHEETVICET B37 X =513
WP ho & IERVEGREL ue TH 5. O REREDIA
HTh 270, REMEE L THEREDIRE WEH (298.15
K DKIZE T 2HEEEL 8.9 x 10 Ns/m®) &, /NS Liga
(298.15 K D 2R DREMEARHL 18.2 x 10°° Ns/m?) % v CEHEL
T, X 8(a) 1ZAKDRGMERE % F V72 35 A D BB SR
ZRLTED, PHBEIEIZ 5.0mm TH 5, xfilifiEok
JEO A I BB ER TR E > T\ 5, £z GO
BRIESARICHE RS % &, ST 2 FIrEsHERT L <
VB HEIEAYD 5. X 8(a) 12 I\ THRR P (x, 2) = (0.185,
0) DWATEM T, D L ARIHHEE D 3 Hpl L ZfEA I
D3 3 EAIRE 72 5, BEEERICE VLT 3 HD 68
TEAUC AN CIE N 2 B BORR 1%, 3 EEARHAEE & 121E 3L
TED, HEIIIEPICTHICEEL T3, /23 #H
B BRI & BEASHERS L TV 2 HEBIZE T E 5238, Z
FUIREN: R ISR S 28 ABIE T X ) —FR I R
SHML T B0 TH D, FRMEGREE L TELR%E
T, PIHRIEZKOEED 50 57D 1 (0.1 mm) &7
% 2L THBROIBEE S GBE S NS, JUFERDRER
B s DIKRDORERE DRI 50 3D 1 TH D, WK ho %
50001322 N)Du, whHLA—FER2
7D TH S,

RITKIT-E TV OPMEMRITHRER Z AT 5. FTFET L
DRSS AiE, X 8(b) IR N TE D, WHHEEEE X 20
um TH %, KTFETIVOBIENAE, AT TILOME
EEMWMIC KIS HL TS, FETATIE, TR
o O AW ICIRB) XN CEEIT 5. JitkeET LT
IR ENE T R IR 2T 208, R -E TV CIRIEE
M LM ECBREI TS, MTETACEBT S8
R =8 0%, BAEMNTHE 2 WIHREEE hy THERIULT %
CEICEDBRIT DR, DAL D, FEERO BRI TR
138 nm FREETH 203, MR TIEK 8(a) & RO
ROMG S N B ER TP 1, = 027 nm ZERH L T3, 1
KT DRI (up) &R THEE (437mp) L DBIR L D,
KPR DI S L CBRE 11384 L, BREE o
28 (PERRRR D WK 252 EHI0E ST b, 2.2, fii
DEBICEWTHH L 2R X 2 MET % 70, [k
DFECHEZEA L, BEREZ ¢ MIE L 2%, iz
MifEd 72 ) OEET-H1E 032 gm” T, izl 0.06 g/m’ T
Hotz. BT & FIREICH R D BE 1200 kg/m® %2 FIH$
2L, THRENZ2WWBPES 3B L% 027 um 2D, ¥
EARNTCREA L 72 20um £ D /NI WEE 72 %, FEERICIE,
BRED B I1X, 1200kg/m’ X D /NI EFHINZ 7D,



RIS (220, = v NBRNT X 2 BERIERR O TR

WIS X1 027 um X DIZKEF L A3, & HAMEIZ
LT, FEEROWIRE S R 8%2 H5E L, BAEyT
BN L AR TR ) S EMSRBOIEE LTE T o
%,

X 9 12 case D DEAE FIZE T (@) WHEETFTILE LU (b)
BWTFET VI DB oNBROBE S 219, K 9(a)
1%, KOKMERREL (8.9 x 10° Ns/m?) % V>, I I 0.9
mm & L CEHONMERTH S, HAWIEIIIE case A L D
b case D DAD/NE L, case A & [FIREDBLIFERIREZ 155 7=
DITIE, YWIHE 2 T 3058035 5, (a) ke T
T, WHHBE OB RERB O 1T X ) Bk IR%
DL 72508, BEIT 2BOENS ) AT DBEIE A
WO IED LFMEEALEL 2D, 2D, EKET
VTS S 1L B IR 1, case A & [AIARICHEEASHIZHL S
2L SEA O TN T 2D 5T
W3, —J7, K ob) 1k, FIHEIE 25 um TR 0.033
nm IZBWTE S BB TH 2 0%, i3 EDK 9(a)
B D RO THICE W TEDSFIEE S LT 5, (b)
BFETIVTIE, N EREZNSCT2ZETHNTFOR
FIREL %D, BEIEISHEMT 2 ETHE 250 L7
ZEATY (a) WRTET N EIZBLR W RELRRBEs NS,
ZOROEEPHEN SN S X I BEAIIE, b)) MTET
IWIENTH 5.

FEEFICBOWTHEIN TV DT b 2— 2 v O
I IE A B E SR, <y ANEERIEICREN S  HER
T oS D 5. X 8 THIEINEOESL, oA
EX—H LTS, 7, Mach 23< v NI 4 H A
T2Ihh, < v N EHEEIMERE L 7 EHT O BEHH EHYL
SNBEZBMREZBEZLTEI[E], Kob) £ k<KL Tw
5, DX ICHEDRHE LA AEEIC XD, 3 EA
SO TN HERR T 2 54 &, THIOEIRHET S N
LLED2EENRET L LRI NT, £, T R—
> a VIR O PLIF [Hiff & Btk % F 5 &, PLIF XD
TSI N EEPATE & BB —E L v 2 L v
INTEH[10], FAEEPRE & BB T TAE L T
VB TATREMEDS D B, EERTIE, 3 HAURO T A3 HE
BLTED, AR TENHEOREE L L T3,
INSDIEDS, T FF—a B BB,
FIGHEL D= v N ECHIGEE L 728 AWHS 2 X 2 TR
WECHHTE 2 WfglE2d 5.

JE TR B s & BLIREE R ~ DB L, EEINE ST D
W EBSIEOIMMERBE TERI NI BB LA/ VA
D510° 225 107 DA —FTHAET 2 Z EHHINT L2
[11]. > EYAES) 0.1 MPa, #IHIREL 298.15 K o7 v 3
VHERBBKET L 2= ava2EZI L, By Bk
51 Thh, HEFKERORBEIL 413 m/s LD, vuyn
1.9 DR % IS BT 5 ERDOFHEIE 396 m/s T, Tk
F=2avOEELIRIERAILTH D, FALEKIGHKT
T2 C-JIRBEICB W BHIF 1032 m/s &7 D), 2.5 5L
WIS NS, = v 19 =2y 5 OBEEFICBIT

(55)

377
Table 3 Track angles of soot foil and triple-point (unit: deg.).
case X exp. Xnum. Athree X Ames AWhitham
I,A 15.6 16.7 17.1 - 14.7
2,B 9.9 11.9 11.0 - 11.1
3,C 7.8 2.8, 11.2 - 10.5 9.1
4D 52 17.7,%5.9 - 0.5 6.3

( Xeyp. : €xperiment, y,,,, : numerical simulation,
Xuee - three shock theory, x ... : glancing incidence angle,
Xwnimam - Shock-shocks angle, T %, : track angle of curvature

vanishing, * X : track angle of the maximum curvature.)
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BEDIE R BERE % RS 2 72 0, 22502 & 2 ISR R 52
B & 3 RICEHEMRT 24T > 7o, EERIC k> THERI NS 3
Rotda U NSRS O MR TTE A6 & X OVBET BEER %X
JEF S E MR & & (3L, 3 ROLEMEGTEICB I 5 E
WO 2R L 2. £/, 3 ROnIEE W B b
£, BEEERFELE >y KBS X DEBICEHT 28 A
Wi % J7E U 7z, BERESR T 1l < & AW 24 % F v
T, WEERTFH D 0IEmkE LTETMEL, HEO%
BT 2 EEMNT 2 T o 72, Z DOFSE, < v NI
B4 L 72 3 SR THNCHEDSHER T 2 58 @iz s n
7. BdEfERTICB L TE S Lk 3 EN ORI, Bl &
I —HL, EBTHES BB OMEA & b B
= L7 Frix—yavoEEETlE, < v
B HMERE U 2 U D 233 <, AT B AR 233 < 72
B2 ES, Fhr—a v Il BB FEEDZE
B BT IC & D156 .

il
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