3k H4H jj "#" % jﬁ Vol. 23, No. 4
1991 % 7 B ACTA MECHANICA SINICA July, 1991

MBS AR GARBEPHRT S

Iomo#

(HEREREF R

S. L. Veselyi V. A. Kulikovskii A. N. Osiptsov
(BEFBE AR IFEHER)

BE AXHARUBELE-TEAXESEN SRS KRSUBINFTERNERLA
BEb, ZETERESBLRBIRERLTH Sattmen F 5, BT —H ML EX R
BREENEN S, FAUTREIEER. AXEREY: EREETFEE— Sl
MMERE, RN FEETURERATREERMTFSE, IHRETREZNYTIL
HR RS LRENERATEERX.

XA AKRSBARE.NT A, Ssffman 7

onf

I gl

T R AT AR R B R AE RO IR RS RN EE M RE R RVSUR. BB
BERETUSHSERZERGER, HRAERIGIME N EEES TIFE SN AR
REMEERENA., flu, BRI ENTERIEP HANH A REER—MTENT
WRE, BT RE YRR IIREOR A ETT LB A B R RS o N, S
BEWA R ERE, BEREH AR EEEN FEEXN T TR EZER 5
BER, —EXRERVERA: SEKORIREBNVERRENCBEERT, HT
fefE 244k LT R EHE B SAARBELSS, XK BN FEEN B ERM, M
JERERBFOTE, AMIEHEWTHLZEMFRBE S HIEHENT A H i &8
B, BB sHY, IRERENZINARED, BB SHRERSS, SR
Saffman JJ%, JER N T Magnus UL RERY BOE%E, ASCEH Saffman F
ASHEMN T LB, EX RN FBERSABEIR FEREHEORE FEES
. RE,RITBCET XRI7IT R ROBREER & B FREN T EHETIHRES
REHPBEHGBEETONTEE, ANAHLEXREERRTEESHT Y E S
R, XEHELEREV: EREET N TFEET Saffman FHMMMREIRLEHE
KEA, REZKERoN FEEER, XEBNTFEENEETHLBESKALRER
REASMHRIXA, XRS5 R T Tl A e (R B R — U MR B 50) % SCFR AL
REEEE XL,

AXT 1990 1 F 17 BIKE], 1990 & 6 A 8 B EIEBE,



a2 ’ # Y 3 i# (1991 ) H23 %

T Z.EFXFE

NxRpE-NLERE L EEES-BEFE, F MR ERZREEWES. —
BT, RITTLUA OB RE UT MRERE T2 EEAE, HEEMRAEKIK
SR FEEENAEISE, NETEN TREANAEEEHENN FHERK., £X
WHRERF LTRSS AN DO FEN T, X LIS HN T R B0 E AR X
AL RBEER TR A, FTFREGKSERN FIES GO HOLREDR, 1F
H—MERLLRE, TUERNFRENBEES G EREMEAE M TS HEHX
BLOEEE N TFEE o BREAE; LXK, N TEE 2/ TR RiT,
HEHHERSEBENEE » XKTRELREEER 6, A0 REREITMNAZ,

ya .
—

/ .
g W=,
ST 7T 7T T T 7 77 7

B BEEE SRR

MEE -, RO BER T KB 0 0. REH» WER, BAIAKHIBIR/N, T
BN FRESHEERE, BMINERESS T UABAT, RITBEESENTE2SE,R
ERGENRERIBEE FESEBEER.

SHEALA (2%, y) BieEREkER (B LE 1), X, BEREA L RHE
HEER., BRINSKSED R EERENDEERE U iRBEEs). AP RXh
WAHER,BIBERATESSKSEKBREHHEY, ERMNOBRT, £ FE46HE
KEE 1B Re RN &, B T DR 2 FEE SR /NS HEHE B I 75 ik ILiE “Sh
KM AXR, XBEH, R EREEMMIXBNES T -1 aRSGELRE, EF
SEWNEBIRZES#, WRHA Klyachko PHHAR®F Saffman F AR KHER,
TE,8MFLEOERAIBETRAE

* x(\* * Re¥
F* = 6zop*(V* — V)(1+ . >+6460’<

x | Ou*
! ay*
Hrh Re, = 200*|V* — VH{/p* %’5*‘”? Re ¥, o* M pu* AKEKBERGHERE, V=
i+ Jo* GEERE, i T4 Fyt MNBIAR; TR RN FSRmLLE*
FRERASE, XENUEHORRXET Saffman HFBRORFZRE, K FES Bl
ARMEEBIIM, ASCEY 6.46), EHRME, EHARSREFHRNFRARDEREE.

%T%ﬁ%ﬁ@@/I\h%_l:ﬁﬁm(?ﬁ.ﬁﬁ]%ﬁi?ﬁ:&{uﬁﬁiﬁ““
gF = 4xa2*(T* — TH(1 + 0.3Re}*Pr?)

> (w* — )



%48 THBS. BEESORSELRBFORTIFH 413

Hrh Pr= Cop™/2% XS4k Pr¥,i 2™ M C) SR NSRS R E E t #.

SHKSARTAESANN BEENKBXAE R T E TR R RS H

Rt T AT

u* T* 2 1% T*
H K AEM, FTR—A+SRREENGHIINESE, FIH S 4k th &9 Rankine-
Hugoniot %%, 7 DISREBBEEHSESMGED of, o, TT %), BFRFEARE, &£

BREBBLEEESEAE, ASIATREENEER:

t * * %
X = L9 y = y“: | 4 ‘_,“s Vx V:
l 1 u¥ u¥
Y SN
¢ o*’ o oM P oful?
T = T*(Ut — u¥) + uT: —UT* , T, = THUY — u¥) + u¥T%: — U*T%
wi(TH— T ’ wi(TH—T%
Hrh

] == uLH & = et
2
6ropul ofu¥l

Tirw ZRBEHLSK, FRERHEEE of BT mn, Hh o NN TFHOREE, WRRXA
RETRNERRF RIS HE GRS, RITEE3

u=T=pm=mp =1, v=9, =0, y =

* % \
s
*

ut
1,7, = 40 uz— 1) + bd — Us/ut
P=vm7 bd — 1 :
Hh b= T3/T%, d=T*/T%, fur AK&k#HAE, RECHEMME (M), BEM
B (M) FEE (UF/«3) RIBEL (TY/TY) EeLHE.
RERMKIRAERHERATEETERNAEER (>0, 2, 9 E%)
u(x,m) + ey «,/ g v(x,m) + <o 02, n) 4+ - ,\/ e v,(x,g) + -
ooxsm) + oo splaam) + oo Tolayn) + -+, Tyola,n) + -+
polx,m) + -0
ZERINEN Y FEMRERGTTER 1=/ s, BXERFRAAMBETERE
REENERTEY, HEEEH/NE, RIEFTUSHTRAOBHESERZRLRES

B4y

(2.1

a(Pouo) + a(Po”o) =0
0Oz on
Ou Ox 0 Ou,
w5+ 0 gy) = Koy (5
orT, 6T0> K 0 ( oT, ) U¥ — uX (6140>2
+ o = + E.Kg | —
Po <"o Py vg o Pr, On & O ot &o

- Pofo
Po = oMT > (2.2)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



414 ) # # il (1991 ) 5823 3%

a(P:u“;o? -+ 6(0;0”:02 = 0
Ox On
Ou, Ou, ’
L .6_x3 Vs 6‘1,0 = Kg(u, — uy)E,
; C 2
U0 02, + v, %' = Kg(v,— v,) E, — @(uy — #y) _<")_u_.,
Ox 67, 671
oT, oT, 2K
Hy axo + Vs a’? ° = ?ITI': ago(To - T,o)[l + O.SPI:/BRCMZ
Hp
u¥(bd — DT, + UF — bdu? _ Re??
g = —" U?‘D—ui‘ ., Ey= 1+ "2
Re,, = Reji00| 9 — #,9 , Re, = Zapzui‘
Kg 73
Chut ut? (r — DML
Pr,= —%—, E,= —57r=% =
¥ CP<Tw - T+) bd — 1
= 6‘46 — Re3/2 ‘ ——Zﬂgii o = _C'_t
— 51, * . C*
126 = P ;
DR EHENG

n=0, x> 0,uy=T,=U¥u%, v,=0,
n—>00: Ty—>1, u,—>1
_ Ut — 1) + bd— U/u?
bd — 1

x=0:”:0=U:{/uf’ ”:0=0’ P50 = 1’ T:O

CEFBQDF CF R XA TR ARNELE., TENSW B WRIE Saffman
FHESERE T2 EZEZHDOER, R 1ART -SRESBHOHE,. BIIEN
F u¥ = 2.5 X 10%cm/s, 7+ = u¥/pf = 0.15cm’/s F o*/p% = 10° FiFH, HEN F
HILHARBRR Y, #1BBERAT Saffman FrHMETE MRS R TR 2808
i me.

F; 1
o(cm) 10-4 10-? : 1072
[(cm) 3.7%x107 37 3.7%10°
P 1.6 10~ 1.6 10~ 1.6%10~°
Re,, 33.3 333 3330
8 91.53 2.9%10° 9.153%10*

B % R AR, ROV A W AR AR F MERRBEROR S, Eik, &8
Ho 45 R RBE N A T 40 B Xk,

=3 &5 &
AXREEHAS-ERAMHR, BinSHARERERR B U 4 51 R,

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



LR IHBS: BREBEIERSELABRTORTFIA 415

AMNBEHERR TR SELRESTBEAAZMEMS TEAND R, AXAK
EHERBEERSFBIFEH M_=20,7 = 14 DR K=b=1 HRTSHEONR
ZHEH w(x59)5 v(x,m) W Tolxon)., ROVERM Lagrange b5 (,m) BFKE T K
BURR TR, X8, 1= "/l BRTEEAEEHNLRRNEE, 2 B FE2 =0
WMHURIRR AR, X, EELENN THE, RITETRITESL

dx, ., dn

dt 02 dt 50

dug dv,, Uty A
dr Kgo(uy — ) Eo, a: = Kg(wy — 90)Ey — 8ty — t4y) Oy 3.1
9L = 2K 4g(Ty— T)[1 + 0.3PrRel]

di 3Pr,

S %

t=0; x,=0, 9,=1,
dU¥ u* — 1) + bd — U¥/u¥

“:0(09710) = U}/u¥, ”:o(osﬂo) =0, T,(0,7)=

bd—1 -
# Lagrange %55 T, R FELGEEA: '
1 — ﬁ i’l:(h"?o) —_ . ax:(’:ﬂo)
P:0(297IO) U? [”ro 87]0 ’ b a’to ] ‘ (32)

H#E
pal05m) = 1
HRGDERT 2 BEH, MRANSEAIDARTETRGOTELEERT #
EHFH Ox, /O F1 Om,/Ome, RAVESLEFIF 51tk RRIT7 26 R BT G IRBUEI LR
BTHET, ARG, SEFMOTTEANRZRA Runge-Kutta J5EEREH,

- BEEREHITE

BERDRBATERENSHE, ETAVMRMNEZZBHHRIH Satfman F 33
BIEH BT EESRREN, HERITEFSH AN ETERRMRFTLES
BOOREE: M_= 2.0, Re, =300, a =05, v =14, K=b=1, BELHREHT
ZHANXBBRTRENHEIHERSN TEEX, B2 HHT = 1200 HE=/M
B o=04, LOM36 N TFHEEHEWHELER, MERTTLENY, EBEEHTHR
TERTEERENEE, MEATERNSH S WBER AN, XERRETERXE
HERBRBEUIN, E3HH =100, x= 1.0 Ry FEEHE, BEPETEEY
B fRZE 100 I}, Saffman FHMEEFHR T EFANHEEENER, B 23 hBER
RABDFRBENDNLR”, KERSEHNR: ROETERNTFREN, B—FATH
BB PLIRAY 9o = 03, XELEH, RIBET R SEREEE N 20=031
HRER T HUE R TTER, R T o B T A )T GEAE LT A mo = 0.3 FFIRRIBB AL F 31
iE. ‘
BEWEP, RV INTEER » I REELA K, R ASERER THTHEER K



416 h =4 i (1991 %) 23 H

n/ST I

' 7 LIE /

/
2 i ——

i

0 0.75 1.5 2.25 U, /%0, 0 0.6 ., L2 1.8 ®*/up,
B2 f=1200 PN THEHE & B3 =100 WNTEESE

DHERBEENXBEAFESKIENER. nRFESERFANXEERE, AR
Fih RN AN T RS — R R FHE M LIS B E.

A, & &
AARBELEREZ Saffman FHSHTHYEETEN FHEERNER, 48

W e WA, REFEEA BB SEDRELSN.

FR.

[1]
(21

[3]
[4]

£51
[6]
[7]

f8]
[9]

[10]

{11]

MTARROR TS, ELLNATBERREENOS-ESFRNEERT 2 &
R XL IR SN R E R EE W,

2 #® X B

Gerrard, J. H., An experimental investigation of the initial stages of the dispersion of dust by shock waves,
Bris, J. Appl. Phys., 14(1963), 186—192.

Borisov, A. A, et al., On the instability of the dry media surface when the shock and detonation waves
are sliding on it, Fizika Goreniya i Vzryva. 3(1967), 149—151.

Fletcher, B., The interaction of a shock with a dust deposit, J. Phys., D: Appl. Phys., 9(1976), 197—202.
Hwang, C. C., Initial stages of the interaction of a shock wave with a dust deposit, Inz. J. Multiphase
Flow, 12(1986), 655—666.

Boiko, V. M. and Napyrin, A. N, Dynamics of the formation of a gas suspension behind a shock wave
sliding over the surface of a loose material, Fizika Goremiya i Vzryva, 23(1987), 122—126,

Bracht, K. and Merzkirch, W., Dust entrainmenr in a shockinduced turbulent air flow, Inz J. Multiphese
Flow, 5(1979), 301—312.

Osiptsov, A. N, Motion of dusty gas at the entrance to a flat channel and a circular tube, Izv, Akad.
Nauk SSSR, Mckh. Zhidk. i Gaza, 6(1988), 80—87.

Marble, F. E., Dynamics of dusty gases, Amm, Rev. Fluid Meck, 2(1970), 397—446.

Voloshchuk, V. M., Introduction to the Hydrodynamics of Coarse Aerosols (in Russian), Gidrometcoizdat,
Leningrad, (1971),

Saffman, P. G., The lift on a small sphere in a slow shear flow, J. Fluid Mech., 22(1965), 385—-400.
Corrigendum: J. Fluid Mech., 31(1968), 624.

Nigmatulin, R. 1., Fundamentals of the Mechanics of Heterogeneous Media (in Russian), Nauka, Moscow,
(1978).



®4 EHHS: BEEIFTRIKGRBEPOR T4 417

THE DISTRIBUTION OF PARTICLES IN A SHOCK-INDUCED
B2UNDARY LAYER OF A DUSTY GAS OVER A
SOLID SURFACE

B- Y. Wang

(Instisuse of Mechanics, Academia Sinica, Beijing, China)

and
S. L. Veselyi V. A. Kulikovskii A, N. Osiptsov

(Instituze of Mechanics, Moscow State University, Muscow, USSR)

Abstraet . The laminar boundary layer behind a constant-speed shock wave moving
through a dusty gas along a solid surface is studied. The Saffman lift force acting on a sphe-
rical particle in a gas boundary layer is taken into account. A method for calculating the den-
sity profile of dispersed phase near the wall is proposed and some numerical results are gi-
ven. It is shown that behind the shock wave, there exists a curved thin layer where the density
of particles is many times higher than the original one. This dust collection effect may be of
essential importance to the problem of dust explosion in industry.

Key words dusty-gas boundary layer; distribution of particles; Saffman lift force
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