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Abstract

Granular materials consist of a large number of solid particles that can move
independently. Such matter is ubiquitous in the world around us and is closely
bound up to our daily lives. Studies on them are related to the processes in
industry, agriculture, construction, and pharmaceutical industry, and also to some
disasters, such as landslide, mudflow, avalanche, and sandstorms. As such, it can
be said that any advance in understanding the physics of granulars is bound to
have a major economic impact.

Granular materials have properties that are different from those commonly
associated with either solids, liquids, or gases, and exhibit various unique
behaviors due to their discreteness. They have been realized and utilized by
people for a long time. Earlier in the 14th century, mariners have begun to make
use of sandglass for timing. Only to recent years the properties of granular
materials have been extensively studied, however. Particularly, the convection
and “Brazil nut” segregation in vibrated granular systems have attracted great
attention because of their importance in fundamental and practical research.
Convection commonly occurs in vibrated granular beds, that the particles move
downward along the container side wall and upward in the interior of the bed.
The ‘Brazil nut’ segregation is known as that a larger intruder particle embedded
in a sea of vibrated small particles often rises and then stays on the top of the bed.
In this thesis, we will give a skeleton for the studies reported in literatures on the
convection and “Brazil nut” segregation in vibrated granular materials, and then
introduce the experimental investigation we made on them in vertically vibrating
narrow cylindrical containers.

Our investigation indicates that the stainless steel spheres contained in a
vertically vibrating narrow tube could be evolved into a state with convection or
with no convection, depending on the size of sphere. When the diameter of the
spheres is larger than 1 mm, the spheres are in a no convection state, while when
the diameter is less than that, a convection state. It observed that the ‘Brazil nut’
segregation only takes place in the bed with convection of particle. This indicates
that convection of particle is a crucial mechanism leading to the size segregation

occurring in vibrated granular beds. We investigate the segregation process
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through measuring the time the larger intruder particle rises from the container
bottom to the free surface of the bed of small particles. Our experiments show
that the segregation is controlled by the frequency and acceleration of applied
vibration, however subjected to the effect of room temperature and air humidity.
In addition, it is also found the existence of period-doubling and
period-quadrupling motion of the bulk of the bed depresses the segregation,
slowering the convection velocity and thus increasing the segregation time. The
influence of such subharmonic motion on the segregation time is analyzed on the

base of a completely inelastic bouncing ball model.

Keywords granular materials; ‘Brazil Nut’ separation; convective motion;

subharmonic bifurcations
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Figurel-1 The experimental curves of relation between largest static friction of stick and
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Figurel-4 Stationary patterns in vibrated granular beds with different frequency and
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Figurel-5 Segregation in vibrated granular beds with different frequency and acceleration
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2130 -



Iy R MY A7 B A2 2 67 1 3

T 3-6 FTLAACHL, EAR ih &k (a7 T aC i, (HARMOR G b e 1 AR -
it KR S (R B0, UKL ) T I e A 08, b UKL A4 2R P9 1R X U
BB LA A o 1y H ARG R Ry, A7 A Y03 2 de Sl ot KORORE T I 1]
ST R o S 5 Ji) ] PR X K RURE P b T 1)t A — 5 S i 11
FEIE] 3-7 v, BRI 2 [a] e AT BT A, ELIE R (¥ 5 i KA I8 2 A B R B
(PN D PANEIEF SR Ik A T w1 1IN (8 D K (B2 S i I B Y
ws AR 3 93 03 Sk RORE b TN 8] £ 5 s AN B A

100

7(s)

3-7 S KORE b TN 8] £ 52 1

Figure3-7 Effect of temperature on intruder rising time
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I, 7.44 9.31+0.13 9.42+0.12
T 9.63 10.61+0.09 10.97+0.12
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