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Fig. 1 Schematic diagram of the experimental setup



Table 1 Properties of the test particles.

Particle diameter D, [pm] Particle density p, [kg/m’] Material Remarks
300 3900 Alumina Taimei Chemicals Co., Ltd
50 3900 Alumina Showa Denko K.K.
20 3900 Alumina Showa Denko K.K.
50 5900 Zirconia Tosoh Corporation
50 2400 Glass Unitika Ltd
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Fig. 2 Snapshots of the collision of alumina particles with a metal
plate for (a) D, =300 um, (b) D, = 50 um, and (c) D, =20
pm. These particles were dropped onto the plate from a
height of 10 mm
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Fig. 3 Velocities of the particles as a function of distance between
the particles and the plate for (a) D, = 300 um, (b) D, =50
um, and (c¢) D, =20 pm

(z/D,=5 T v,=—40 mnvs), “FHGIEFCIE, HIEZHRIC & - THE
BHUIRE <20, i & OREBEA KL+ & 0 /N S WEEITIE
(z/D,< 1), R DOWEDORENKE oz, Kt OPLERICE
UF B FERBREIE, B EABE L BEq. 3) IS L AERMEE BRI
W= L7, 7o, E2R%OBIKRY EEITIET IS, K3
FREDEIE e=020 Tho7o, B+ T, FAEEKLOMEMIZ X
BHRITF- ORI Z T, BEM & ORI IL7Z S AT EDOREE
Mo % ArREMEA R,

WA, WZEFEICE T TR OE L /NS T 57D,
IERBRNICHE R FRIEE A RE L, 7 =—H2%Z3 (Sato Vac
Inc # PG-D5A) T 1.0x10?Pa [ZRFESNTND Z L &R LTZD
H, Dpy=20pm OKLT7-% 10 mm D& I MO FEH7e,

BEFEICE, BWET CELEEFEREHTOREOTDITL
2 PRI DWW & A IE L7z k=& 7z,

_3mvp Dy (6)

ZIT, CAITRYMHERE (=2 AOMIERE) TH D,

400
Rebound

300 F-—— O -—-0-———0-———0-—=-0-———0————0]
= 200 F P=1.0%10?Pa
= C.=12
g 100 [ Re,=0.36-0.44
e e=10.84
e .
g -100 O  Experimental
2 200 F Calculated

300 Incident === Pyt P

T O————— o JHRENENY ; S SN,

-400 | | | |

0 1 2 3 4 5

Distance, z/D,, [-]

Fig. 4 Velocity of a particle with D, = 20 um as a function of the
distance between the particle and the plate under reduced
pressure (P = 1.0x10> Pa)
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Fig. 5 Relationship between the coefficient of restitution and the
incident velocity as a parameter of the particle density
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Fig. 6 Effect of the stokes number on the coefficient of restitution
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Microscopic analysis of particle-wall collision
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The collision with a wall of particles of 20-300 um in diameter in gases was studied both experimentally and theoretically. The effect of the

particle diameter on the incident and rebound velocities was quantitatively examined by using images captured by a high-speed microscope camera.

The incident velocities calculated using a model that takes into account the increase in fluid resistance near a wall surface, i.e., the lubrication effect,

were in good agreement with the results obtained experimentally. Smaller particles had lower velocities owing to the increase in the ratio of fluid

resistance to particle inertia. Experiments conducted by varying the incident velocity and particle density further indicated that the coefficients of

restitution decrease with the decrease in the Stokes number.



