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Discussion of the convective grains

Abstract

This research mainly discusses the factors which cause the convection of the grains

via different experiments. (such as mass, volume, friction, etc... )

We design a machine by ourselves which can imitate the shake of grains, and then
we discuss the linear and non-linear appearances through the convection of the grains.
In our experiments, we call the grain we want to observe “target grain”, and the others

“background grains”.

The experimental results are as follows :

(1) In the shake of vertical situation, we find the target grain’s volume, friction, the
friction inside the vessel, platform’s frequency and amplitude showing the
positive relations to the speed of the target grain. However, the target grain’s

mass shows the negative relations to the speed of the target grain.

(2) In the shake of horizontal situation, we find the target grain’s friction, the
friction inside the vessel, and the platform’s frequency showing the positive
relations to the speed of the target grain. However, the target grain’s mass and

volume show the negative relations to the speed of the target grain.

(3) In the shake of horizontal situation, we find the platform’s frequency showing

the positive relations to the speed of the target grain’s horizontal circulation.

(4) In the shake of horizontal situation, we find the background grains’ depth will

influence the target grain’s repetitive circulation.  After changing the



background grains’ depth(3.5.7cm), we find the target grain will detour in the

background grains every 12,17, and 20 times repetitive circulation.

. , T
(5)We conclude a parameter equation : T(X) =R Sm(ﬁ X) +Tmin to describe

the repetitive circulation’s period. In the parameter equation,R represents the
maximum period’s average value, N stands for the repetitive circulation’s
period, and Tmin represents the minimum period’s average value.
Throughout importing the value of X-axis, this parameter equation can proof

the value of the circulation’s period.
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B Tl

(s) (s) (s) (s) (s) (s) (m/s)
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Abstract

The motions of a grain, embedded in an assembly of background grains, initiated
by shaking have been investigated. Migration of this target grain may be created when
the size, mass, or materials of the target grain is different from that of the
background-ones. It is the imbalance in the friction around the target grain that triggers
the motion.We focus on discussing the physical parameters that control the granular
convection.The migration speed of the target grain is found to be increased as the
friction around the grain or the shaking frequency is increased. It is also realized that a
heavier target grain will reduce the speed of its motion. On the other hand, a bigger
target grain results in a reduction, rather than an increase, in the migration speed in
horizontal shaking. An up-and-down circulation of the target grain in the
background-ones may also be created by horizontal shaking. The time required for each
circulation of this kind may be described by using a sinusoidal function plus a baseline
constant, with a period that is sensitive to the depth of assembly. The baseline constant
indicated the minimum depth that the target grain will reach, that however, is insensitive

to the depth of the assembly.
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l. Introduction

It is known that larger or heavier grains in an assembly of solid grains in a
container may move up to the top by shaking. This phenomenon is known as the
Brazil Nut effect. Based on this effect, scientists try to control the size segregation
that occurs when mixing different kinds of powdered materials. In this study, we
observe that larger or heavier grains may not only migrate to the top surface of the
assembly but can also repeatedly emerge into it. The time period of each
convection manifest periodic variations which may be strongly correlated to
complex couplings between the geometry of the grains assembly and the way of
shaking. We investigate the physical parameters that control the granular
convection of this kind, and study the effects on the convection flow when the

background grains are subjected to confinements.

I1. Materials and methods

1. Setup

The experimental setup is presented below.

Figure 1. Schematic of experimental setup.
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A: Digital camera (Sony DCR-SR300)

B: Shaking platform

C: Motor (AC 110V 40W 500~2,000 rpm)

D: Frequency controller

E: Container

A shaking platform is defined to stimulate horizontal circular shaking. The

larger or heavier grains may not only migrate to the top of the assembly but can
also embed into it via shaking. The experiments during processing are recorded

with the digital camera, so that the motions of the grains can be clearly observed.

In order to further discuss” granular convections,” grains with different

sizes are needed. The grains which we use in this study are listed below.

(1) Target grains: The particles which we observe in this study are defined as the

“target grains.”

(2) Background grains: We define the smaller particles as the “background
grains.” These limpid background grains are made of plastics, more easily to

observe.
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In this study, we also use different shapes of the containers. Following are

the containers used in this study.

(1) Cubic container: (2) Cylindrical container:

2. Experimental procedures for the migration speed of target grains

(1) Load various target grains one at a time at the bottom of the cubic container,

and then pour the background grains to 5¢cm in depth.
(2) Set the digital camera ready.
(3) Turn on the shaking platform at a specific rpm and start recording.

(4) Calculate the average time needed for target grain to appear at the top surface

of the assembly.
(5) Repeat the experiment for the same target grain at least five times.

(6) Averaging the average time calculated in procedure (4).
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Experimental procedures for periodic grain convection

(1) Pour the background grains to 5cm in depth at first, and then load the target

grain at the middle surface of the cubic container.
(2) Set the digital camera ready.
(3) Turn on the shaking platform at a specific rpm and start recording.

(4) Record the period of each convection of the target grains for at least 100 times

of convections.
(5) Analyze the number of circulation periods.
3. Experimental parameters

It is observed that the target grain may migrate to the top of the assembly by
horizontal shaking. The following parameters are used to investigate the migration
speed of the target grain.

(1) Mass of target grain

(2) Diameter of target grain

(3) Shaking frequency of platform

(4) Materials of container wall

Interestingly, we observe that the target grain not only migrates to the top
surface of the assembly but also embeds into the assembly. The emerging and
surfacing of target grains happened back and forth. We define this phenomenon as

a convection. In order to understand more about the time period of convections,

several experiments with systematically change of parameters were conducted.
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(1) Depth of background grains
(2) Shaking frequency of the platform

(3) Shapes of containers
I11. Results and discussion

1. Migration speed of the target grain

(1) Mass of target grain
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Figure 2. Dependence of the mean migration speed on the mass of the target grain.

(@) Figure 2. shows that when the mass of the target grain increases the

migration speed of the target grain decreases.

(b) As expected, heavier grains are found to migrate at lower speed. Our
results further reveal that the mean migration speed of the target grain
depends on its mass as m™?, showing that the net impulse exert on the
target grain is inversely proportional to the square root of the mean speed,

1

ie. FAtoc V.2
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(c) In this phenomenon, it indicates that because the surface areas of each
target grain are equal, so that the resultant forces receive from the
background grains that affect on the target grain are the same as well. The
heavier target grain exhibits a smaller acceleration and slower migration

speed.

In order to understand the effect of the surface area, in the next experiment,

the target grain with various diameters with a constant mass are used.

(2) Surface area of target grain
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E 1 [ ] [ ]
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Figure 3. Dependence of the migration speed of grains on its surface area.
(a) Figure 3. shows that the migration speed of the target grain is found to
increase lineally with its surface area.

(b) This behavior may be understood as a larger surface area allows receiving
a larger amount of impulse from its surrounding grains that drive the

motion of the target grain.
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(c) It is found that the target grain will migrate to the top during horizontal
shaking. We observe that the shaking of the platform creates the vacant
space under the target grain during migration. The vacant space was then
be filled up by the background grains. The filling effect can be regarded as
an excess pushing acceleration to drive the target grain upward. As a result
of this, it is suggested that the shaking frequency may affect the migration
speed of the target grain. A higher shaking frequency should speed up the

assembly. The following experiment is performed to proof our hypothesis.

(3) Shaking frequency of the platform

),
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(0 0]

1000 1200 1400
Shaking frequency ( rpm)

(@)

800

Figure 4. ependence of the migration speed on the shaking frequency:.

(a) Figure 4. shows that the migration speed of the target grain is found to

increase with the shaking frequency that proves our hypothesis.

(b) In the experiments above, we observe that the grains next to the wall

behave differently to those in the center of box.

(c) We think that the friction force between the container wall and its adjacent
grains may affect the migration of the target grain. The following
experiment is performed based on systematically changing the friction

coefficient of the wall by using different kinds of materials.
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(4) Container wall’s coefficient of friction
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Figure 5. Dependence on the migration speed of the container wall’s
coefficient friction.

(a) Interestingly, materials of the container wall can affect the migration speed
of the target grain. The migration speed of the target grain is increased for

the container wall with larger coefficient of friction.

(b) A larger surface adhesion between the container wall and the neighboring

grains gives rise to a higher speed for the target grain.

Apparently, the interactions
between the container wall and the
grains next to the wall can propagate
to the target grain which is located
far away from the wall as indicated
in Figure 6. However, the target
grain will still migrate even when

frictionless walls are used.

Figure 6. Schematic showing the propagation of the surface adhesion from the
wall to the target grain.
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(5) Convection of grains
(@) Itisfound that all grains manifests convection during shaking.

(b) As shown in Figure 7., all grains sink into assembly at 4 corners and
are convected to the surface from the center of box or where near to the

center of 4 edges.

Figure 7. Schematic of convections.

2. Periodic grain convection

In the experiments above, we mainly discuss the migration speed and the
convection of the target grain. But, surprisingly, we observe interesting periodic
grain convection. In order to understand more about this phenomenon, further
investigations are conducted. We define the time period of each circulation
as a circulation time for the target grain embedding in the background grains and

migrating to the top.

An up-and-down circulation of the target grain in the background grains

may be created by horizontal shaking. The period of each circulation can be
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noticeably affected by altering shaking frequency or the depth of the assembly.
(1) Grain convection in a cubic container
(A) Different depths of the background grains

(a) Depth of the background grains for 5 cm
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Figure 8. Plot of the period of each circulation when the assembly is 5 cm
in depth.

Figure 8. shows that the time periods are short in the beginning, and
become longer, then come into short spans again, forming periodic circulations.
We discover that there appear to be some orders in such messiness system. The

periodic circulations occur for every 17 convections.

The periodic variation in circulation can be described by the following

sinusoidal function plus a baseline constant.

T(n)=7o+7a

sin( ) ‘
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Where n, N, 1o and t, are the circulation, the number of circulation in a

period, the shortest circulation period and the longest circulation period,

respectively.

Surprisingly, the period follows a sinusoidal behavior, with a periodicity
sensitive to the depth of the assembly and shaking frequency. There is a baseline

constant indicates the minimum time for a circulation.

In order to further explore this interesting phenomenon, we try to alter the

depth of the background grains.

(2) Depth of the background grains for 3 cm

Similar sinusoidal curve appears when the 3cm depth of background grains

is shaken. But at this time, the periodic variation of circulations occur every 12

convections.

¢o | Shaking frequency=16.7 5! r(n) =13+ 33 ‘ sin (&7 ) ‘
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Figure 9. Plot of the period of each circulation when the assembly is 3 cm in depth.
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Also, this curve can be described by using the same function. It is obvious
the depth of the background grains plays an important role that leads to form

different sinusoidal behaviors.

(3) Depth of the background grains for 7 cm

Interestingly, the periodic variation of circulation occurs for every 20

convections.
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Figure 10. Plot of the period of each circulation when the assembly is 7 cm in depth.

To conclude, N and t, will increase with the depth of the background grains.

But, the dependence of 1, on the depth of the background grains is not obvious.

Depth (cm) 3cm 5cm 7cm
N 12 17 20
T4 (Sec) 33 86 99
o (Sec) 13 11 22
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In the experiments above, we observe that the target grain always embeds in
the four corners of the container. So we think that the right angles may be the
confinement that leads to trigger periodic convections. If our hypothesis is
correct, the periodic variation of circulation should be absent for a cylindrical

container for which has no right angles.

(2) Grain convection in the cylindrical container

[EEY
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SN
T

0 1 1 1 1
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Figure 11. Plot of the period of each circulation when the assembly is confined to a
cylindrical container.

As you can see in figure 11., the time periods remain the same with time
which is totally different from the ones in the cubic container. No obvious
sinusoidal variations in T may be identified when a cylindrical container is used.

This proves that our hypothesis is correct.

The periodic variation of circulation appears only in the cubic container.
It indicates that the cubic shape is the “confinement” that leads to the periodic

circulation.
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Table 1. Convections found in various filling geometries.

000
Bottom layer filling o
(top view) o
00000
Sinusoidal YES YES NO NO
convection

Periodic grain convection of this kind may be observed whenever the
background grains completely fill the bottom of the container. In this case, the
horizontal motion of the background grains is restricted such that the grains at
the bottom stand still while the motion of the background grains on top are less

violate.
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Pressure wave

These behaviors can be understood by analyzing the pressure wave generated
from the container wall when shaking. In each shaking, the pressure wave generated by
the walls when they are moving along this direction will interfere with that moving in

the opposite direction generated later on.

=




A sinusoidal behavior of t

> The pressure waves from right and left panels of the walls interfere into a

sinusoidal wave which is bounding back and forth between the walls with

a period t.

It is the confinement that produces a pressure gradient along vertical

direction.

The coherent pressure waves generated at different layers can interfere into

a sinusoidal profile.
This sinusoidal wave bounding back and forth between the walls gives rise to

a sinusoidal behavior of t.

30 Graph 3
T 30 Graph 3
="

Z Data
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Z Data

The model

E E Background grains move more or less in phase.

G—) =+ Less net vertical impulse; travel further away
from the center

9_) 9_) =+ Longer period in one circulation

Confined

G@ .—@ Background grains move more or less independently.
- Target grain is circling around the center.

Notconfined
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In the confined situation, background grains move more or less in phase
that generate less vertical impulse and allow the target grain to travel further

away from the center, resulting in a larger circulation.

The variations in t are mainly due to the horizontal distance that the target

grain may travel.

However, a higher shaking frequency may release the restriction, which in
turn destroys the sinusoidal behavior of t. In this case, background grains
move more or less independently, so the target grain is just circling around the

center.

IV.Conclusions

1. The migration of the target grain is sensitive to its size.

2. The friction force from the container wall can affect the migration of the target

grain.
3. Continuous up-and-down circulation can be created.

4. Sinusoidal behavior of the circulation period can be created by restricting the

horizontal motion of the background grains at the bottom.

5. The pressure gradient along vertical direction is generated by the confinement

and results in the sinusoidal behavior of .

V. Future work

1. In order to understand the properties of the particles, some other factors are

needed to be known. It suggests that different sizes and materials of the
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background grains may affect it. The migration of the target grain depends
mainly on the friction force from its surrounding grains that drive the motion.
Changing different sizes or materials of the background grains can help us

investigate the variation of the properties.

2. It is so surprising that there appear to be some orders in such messiness system.
Why sinusoidal behaviors in the system can be created by restricting the
horizontal motion of the background grains at the bottom? We would like to

further explore this phenomenon.
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Appendix

1. Migration speed of the target grain

(1) Density of target grain

1. Ilustration of the parameter:

(@) Controlling parameters: Shaking frequency (1,000 rpm), Amplitude of

shaking ( 2 mm), Diameter of the target grain ( 30 mm), Depth of the

background grains ( 50 mm)

(b) Manipulation parameters: Mass of the target grain ( 1~6 g)

2. Results of the experiment:

) Migration
Massof the | EXP1 | EXP2 | EXP3 | EXP4 | EXP5 |Mean time
target grain (s) (s) (s) (s) (s) (s) speed V
(mml/s)
1lg 5.85 5.93 5.77 4.20 4.79 5.31 9.42
29 7.20 9.09 8.44 9.68 9.13 8.71 5.74
30 10.68 | 1150 | 11.44 | 10.72 | 11.21 11.11 4.50
49 1254 | 1211 | 1324 | 1196 | 12.37 12.44 4.02
59 16.58 | 15.11 | 15.80 | 14.83 | 17.27 15.92 3.14
69 18.31 | 16.82 | 16.36 | 16.46 | 18.11 17.21 2.91

(2) Surface area of the target grain

1. Illustration of the parameter:

(@) Controlling parameters: Shaking frequency (1,000 rpm), Amplitude of

shaking (6 mm), Depth of the background grains (50 mm), Mass of the

target grain (2 g)
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(b) Manipulation parameters: Diameters of the target grains (10~30 mm)

2. Results of the experiment:

Migration
Diameter of the | EXP EXP EXP EXP EXP Mean
speed V
target grain 1(s) 2(s) 3(s) 4(s) 5(s) time (s)
(mml/s)
10 mm 22.7 23.1 24.6 24.4 23.8 23.72 2.11
15 mm 17.3 18.0 17.8 18.2 175 17.76 2.82
20 mm 15.4 17.1 16.6 15.3 16.9 16.26 3.08
25 mm 11.2 11.9 10.8 11.3 12.0 11.44 4.37
30 mm 9.6 9.9 8.6 7.5 8.7 8.86 5.64

(3) Shaking frequency of the platform

1. Ilustration of the parameter:

(@) Controlling parameters: Diameter of the target grain ( 30 mm) , Depth of

the background grains ( 50 mm) , Mass of the target grain ( 2 g)

(b) Manipulation parameters: Shaking frequency ( 1000 , 1200 , 1400 rpm) ,

Amplitude of shaking (4,5, 6 mm)

2. Results of the experiment:

Migration speed
EXP | EXP | EXP | EXP | EXP | Mean time
Frequency \Y

1) | 2(s) | 3(5) | 4() | 5(9) (s)

(mml/s)
1,000rpm| 12.62 | 11.45 | 11.17 | 10.41 | 14.25 11.98 4.17
1,200rpm| 4.65 | 4.66 | 528 | 591 | 4.98 5.10 9.80

1,400rpm | 3.76 3.69 3.56 4.43 3.16 3.72 13.44
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(4) Container wall’s coefficient of friction

1. lustration of parameter:

(@) Controlling parameters: Shaking frequency ( 1,000 rpm) , Amplitude of
shaking ( 6 mm) , Depth of the background grains ( 50 mm) , Mass of the

target grain ( 2 g) , Diameter of the target grain ( 30 mm)

(b) Manipulation parameters: Materials of the container wall ( smooth , paper ,

sandpaper , scrub sponge and rubber)

2. Results of the experiments:

Migration
Materials of the Mean Coefficient
) EXP1(s) | EXP2(s) | EXP3(s) | EXP4(s) | EXP5(s) | speed V o
container wall time(s) of friction pg
(mml/s)

smooth 769 | 772 | 794 | 8.02 | 813 | 7.90 6.33 0.052

paper 719 | 727 | 7.05 | 746 | 752 | 7.30 6.85 0.186

sandpaper | 6.27 | 6.86 | 6.13 | 599 | 6.32 | 6.31 7.92 0.267

w

crubsponge| 500 | 582 | 424 | 473 | 478 | 491 | 10.18 0.400

rubber 288 | 397 | 383 | 386 | 3.24 | 356 | 14.04 0.490

3. How to measure coefficient of friction.

In order to measure the container wall’s coefficient of friction, an
experiment is conducted. We stick the sandpaper on the slope and put the
object which weighs 55 gram in weight onto it. By using the spring
balance, the force F can be known. After the experiment of sticking the
sandpaper, we alter the paper, scrub sponge and rubber. And the following

function is used to calculate the value of p:
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F = mgsin30° + mgcos30°u

F - mg sin 30°

a e cos30”

30°

aspring balance

Figure 12. Schematic of measuring coefficient of friction.

4. Discussion of the coefficient of friction.

Materials Coefficient of friction ps
smooth 0.052
paper 0.186
sandpaper 0.267
scrub sponge 0.400
rubber 0.490
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