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Numerical Analysis of a Solid Particle Lifted by Shock-Induced Flow
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When a shock wave propagates along a horizontal wall on which a small solid particle rests, the
particle is lifted by shock-induced flow behind the shock. In the present study, the fluid forces acting
on the particle and the motion of the particle are evaluated by numerical simulation to investigate
dynamical characteristics of the particle. The particle Reynolds number is 6 000, and the considered
time period is from the time when the shock hits the particle to the time when the boundary layer
thickness grows to the same order as the particle size. As a result, the particle was successfully lifted
in the present simulation, where the lift force on the particle changes with the clearance between the
particle and the wall. Furthermore, it was found that factors such as the boundary layer profile, the
particle shape, and the boundary layer transition cause data scattering observed experiment.
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Fig. 1 Computational grid

FORBFIRERIC LT/ E 0,

K FITEMENRKZIVOT, 22 TH BEITEER
BB LHRTENTES. LhL, EBORTFOE
AT 5720103, BiF L oExHEE, BT
LEEEROMKHEE, KT L BEEORE, AT OREE
B, BREODE IR EZEHONRTA—ZNREEL, *
NEOHEH~ORREZMBLENRDH D, Lich-s
T, AWFFE TILFnG & b DEE % [FERF ARV THE
w5,

2.8t B O/ &

TEALE DX B HF R RITEHEM: Navier-Stokes FHFER
ThU, EHOBEEIZIIAREREEEXB VS, B
BERTIL, 3 &KsE D MUSCL #(Z Van Albada O il
IRESE &38R L CHE% 3R ®, 1Tl Riemann figik CTIERLHE
WERZFEMT D, £, BERROHEICRBIT 2938
BOEMAERIIE/N _RETIHE L, FREESICIKER
fRiED LU-SGS k& AW 5.

AFRTCRWHERTFO—HFEZK 1 IZRT. HR
DEZETFO LT, BT OB E-> TR L OE
T AKTEENRD. BRTFHAOYEEOZITELIL,
BENTBIZEDITY.

R FOWHEESIT, BEOICHOWTOEESHFEX L
Lz etk nd. RFIERATHHA L LT,
kS, gt EHEBRETS. WKL, K70
RETEN ERESHERESITHZEICEoTRD S,
Bl X, MFLERORMICE ITHY, BERER
% (DEM)1O L R FiETHAGT 5. —F, KFD
E#zEENL, AEDRERIZEE4 2 Buler FRER A E <
ZrickvEons. B, IhboFRAOREE
S3ZiE, 2 BXRE@ Runge-Kutta % VD,

—EDOHBEICIL, Goldbergetal PRBRLI-1H
BRARETT LV EZEAT S, FEXOBEBLE L UOHE
4%, NS HRALAKETHD.

BEE 2GR T 2BHERFEOER TIX, EREN
FERENS., ZORBEERITHADH DI, HE

S L CEBEENORTOMNBE TTIXTEE
ZBULERDDIN, ZOREHEENERDHDT,
AR T, BEBRERFIERIN DM ERAER
S - THEZ D, BETHERER»D (721
BT, @S hDRICBT DEEE dpeory(L,h) LT 5.
ZDLE, MABEROES h 2B D% TOME
dinflow &

ﬁinﬂow(fy h) = ﬁtheory(i\vtshack +Z|E=0a h) ey

TEZ2D. 22T, Voo ITERBEDOIEEE L FET.
E7, Gihoory(£h) B L Voot 1ZEEFRDDRD B

3.6 B & #

= AR RE D 28R P & BEE TN » TIath+ 5 B EhE &
I ® Mach #% Mg = 1.33 £ 3 %. Rankine-Hugoniot
DOEBANLRD DN FERERFOWEIX U, =
164[m/s] Th 5. FMEFREIL, REOBEK L LT
Sutherland DD HRET 5.

PFORIRE LT, BERED=04mm| DKL, &FE
B XA 1D x 1.143D x 0.875D DAEMEEE£E X 5. Z
DEEHER D 123 % Reynolds 1%, Rep = 6000 T
5. BITFOEER, pp=98x10%kg/m®) & T 5. LA
EOfEIE, Suzuki et al oI S ERE Y
WCEL TS, 221, BroRRICBELTX, Fis
ST nearly spherical’ & L2F0iR STV W= 8,
ARG T, RLF AR ORERZEN EED 15% T
HDHEVI RERIXNORRICESE, £/, EFRT
DOFEEEE L LTHBRICEABEOERZHAMKICT
Bz, L0 2o0WREEZS.

DEM D/RXF A —F & LT, "IXEH% k=8x
104N /m), BELREE c =3 x 1072[Ns/m)], BEBLREK
Zu=03¢9%. HEOREDIZD, NEEHKIT
EEOELYRKESBRELTWS., BB, ZOLED
BEiR v £-3K1Y, e=0.7 THBH. 7, RITOEIIZ
ISUTC, PIENIBICA—1"—F v PR 5 X, FIHORL
FASEEHEAR LI RRE R R T B,

SR, BEEICATREWRSMIC 14D, A%
FENZ 10D, BEfH O BE LR FHEIZ 6D D 3 RITZEMH
THDH. THhLBROBRATIE, EHRFAE x &, BEE
WCEERFAY z e TAETFEREEREHANS.

MABER G (1) OBEIEREE A liheory IR TE-
z5.

Btheory = (1 — O)tyami + @ Uyyrp (2)
T, gy RBRERETCOERETHD. ZhiT,
EREEEBE L ERE RN BUERICET 5
WO FRAICERL, TREBENICH ZLIZE-

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1996 mEERAC XY EF3 B EHRRTF OSBRI
4 1 v v -
Laminar — Sphere, Laminar 1 — Vs
Turbulent - - - Ellipse, Laminar 2 - - - /
0.8 Sphere, Turbulent 3 ' ~-~ / o ®
3 ’ Ellipse, Turbulent 4 --— 4 / %
3 Experiment @ \,/
© i 15 ¥
a <06 ( Suzuki et al. ") / 3
e 5
[}
2 T 04
l_
1
0.2
% 0 100 150 200 250 300 0 %"
50 0 50 100 150 200 250 300

Time to

Fig. 2 Boundary layer thickness in inflow boundary
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Fig. 3 Time history of lift force
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Fig. 5 Time history of vertical velocity
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