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The impinging fluid can be used as a prevention of
sedimentation in the flow of the pipe and the mixing pro-
cess. Sedimentation is a problem that often occurs in
Sluid transportation and fluidization. Granular material
behavior due to impinging is a phenomenon that is rare-
ly studied. This condition is difficult to observe due to
the position of complex fluid movements in the bed. The
study tries to find the behavior of fluidization at various
granular sizes. The effect of impinging into the granular
bed has been observed with experimental studies. Hele-
Shaw cell is used as equipment for the observation pro-
cess. The glass sand is used as a medium of fluidization.
The high-speed fluid is injected into a granular bed in a
short time. Granular material moves because of the pres-
sure impinging as fluidization. The motion of the granular
material is observed by a camera to determine the behav-
ior of the granular material. The primary outcome of the
present study is the identification of two very distinct
regimes. There are two types of post-impinging fluidiza-
tion. The first type is the fluid cavity and fluidization.
The condition starts with a fluid cavity expansion and
continues with the fluidization process. The fluid cavity
occurs because the fluid shock pressure pushes the gran-
ular material upward. Granular bonds hold the particles’
connection and form a cavity. Fluidization after cavity
expansion is a settling motion that is influenced by gravi-
ty, buoyancy, drag, and granular bonds. The other type is
alocalfluidized state. The limit for the occurrence of fluid
cavity and fluidization is observed with the Reynolds
number of impinging. The Reynolds number of impinging
is calculated by the velocity of entry of the shock fluid in
the granular and multiplied size of the particles divided
by the viscosity. The fluid cavity post-impinging occurs at
the Reynolds number of the impinging process less than
4,000 (laminar and transition flow area). The local fluid-
ized state has Re of impinging more than 4,000, and the
Jluidization follows the flow and disappears immediately.
This condition causes the bonding of the granules cannot
maintain the agglomeration of the granules

Keywords: granular material, impinging, fluidiza-
tion, fluid cavity, sedimentation, viscosity, drag force
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1. Introduction

Granular materials are widely used as raw materials and
mixtures in many industries. It is a challenging task to study
granular materials that have various particle sizes and shapes
and properties. Granular material processing is estimated at
around 10 billion metric tons every year in the world. More
than three-quarters of granular raw materials are used in the
chemical industry [1]. Many types of granular materials are
used in various fields of industry. As the material used in large
quantities in the handling, granules require a lot of energy to
be processed. Granular processing needs special attention
to save energy. Energy is needed for granular materials that

Copyright © 2020, E. Yudiyanto, I. N. G. Wardana, N. Hamidi, D. Widhiyanuriyawan
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handle 10 % of all energy produced for industry [1]. In the
manufacturing industry, abrasive jet machining removes
material using erosion and abrasion. The kinetic energy of
the granule is related to its speed to cut the workpiece [2]. In
mining, granules form as ore, gravel, and natural sand. Some
researchers observe the pressure drop model of high-concen-
tration graded particle transport in pipelines. The mechanism
and influence of the particle size variation in different flow
conditions [3]. The chemical and pharmaceutical industries
use granular powder as a drug formula as a powder and pill.
The mixing process was investigated to develop continuous
pharmaceutical manufacturing [4]. The food industry uses
rice, corn, soybeans, and other powder as raw materials. The



structure of powder particles and powder concentrates is
important to be observed related to the oxidation of food [5].
In energy production, granular coal is used as fuel for boilers.
The particle size of coal in gas desorption varies with the ab-
sorbing gas and its working conditions [6].

Industry often uses granular material handling methods
according to practical experience. This method causes the
production process is not always optimal. Different characters
of granular material cause low handling efficiency. Sedimen-
tation is a problem in the flow of granular material. Sedimen-
tation can be removed by stirring open channels, but it is dif-
ficult to do in closed channels. Impinging in granular material
is one of the methods proposed in the prevention of sedimen-
tation. Impinging is the process of injecting pressurized fluid
quickly to create fluidization. The research investigates the
effect of impinging fluid in granular. It is expected to find out
the granular behavior in the bed post-impinging. The fluidiza-
tion movements that occur are observed to be used as a basis
for designing equipment to break down sedimentation. The
character of the fluidization process is needed to determine
the impinging time that must be done to get fluidization. Sed-
imentation can be removed easily when forming fluidization.

The study pays attention to previous research gaps in
sediment breakdown methods. An instantaneous high-speed
flow is injected vertically through the immersed granular
material. In injection, the flow of crashing granular material
is influenced by the granular drag force. Shock flow forms
a fluid cavity in front of the nozzle. The study investigates
the effect of the impinging shock flow in a granular bed. The
investigation is done to obtain flow patterns, fluidization
movement, and fluidization height. Granular size variations
are used to observe the effect of granular properties on flu-
idization. Measurement of fluidization velocity is needed to
indicate changes in fluidization. Fluidization forms always
change, so that the pattern of movement is difficult to de-
termine. The condition is observed to determine the limits
of cavity fluid and fluidization after the impinging. Where
the cavity and fluidization limits are determined to make the
decision in the process of removing sediment.

2. Literature review and problem statement

Research on granular movements develops according to
industry requirements. The researchers have been studying
granular-granular and granular-fluid interaction. The flow
of granular-fluid can be porous media or fluidized. Granular,
as a porous medium at the pressure and speed of the liquid
injected into the granular bed, does not cause fluidization.
Granular material handling problems often occur in indus-
trial processes. Sedimentation, as a form of grain, is one of
the problems that occur in the pipeline.

The paper will present a fluidization phenomenon for
granular material that may be used as a method for breaking
up sedimentation. Several sedimentation cleaning methods
are offered, but it often occurs in curved line pipes, long
streams, and tanks.

The researcher observes the flow through the curve chan-
nel to know the process of sedimentation and erosion. Flow
and sedimentation are related to the time scale of this event,
the effect of flow rates, and granular particle size [7]. Sedi-
ment shocking is proposed in the flushing process. Shocking
fluid with large flow and pressure in the pipeline is used to
prevent sedimentation [8]. The other research discusses flush-

ing with the pulse method. The results of this research show
that there are savings in the water used in the flashing pulses
process [9]. Studies about the jet impact for sediment are de-
veloped to get better proses. They developed the experiment
effect of jet characteristics nozzle diameter, jet velocity, and jet
discharge [10]. Researchers use many methods to get fluidiza-
tion. The fluid jet is shot to the granular form and immersed
location to break the granular. The jet produces an upward
push and changes the granular arrangement [11, 12].

The experiments inject liquid into the granular bed to ob-
serve the behavior of fluidization. Local fluidization is caused
by the liquid flow being unable to move the granular perfectly.
When the velocity of the fluid is increased, granular is moved
on the orifice’s contact hole. Fluidization is bounded by a layer
of particles moving in a static granular bed. Local fluidization
was difficult to observe because of the complex fluid-gran-
ular motion in the bed. Local fluidization causes material
movement and arrangement of granular piles [13, 14]. Perfect
fluidization is fluidized to reach the surface of granular. A
local fluidization pattern above the reservoir when granular
are injected with low discharge. Fluidization expands into a
large when the fluid flow is increased. The motion forms a flu-
idization chimney when it reaches the top of the bed. The fluid
velocity influences the chimney diameter [15, 16].

The ability of fluid to penetrate is affected by porosity
and granular size. Porosity is one of the crucial factors that
have a considerable impact on structure and performance.
Because of the complex composition, it is hard to observe
the porosity without the help of lab experiments [17]. In fine
grains, the narrow gap between fine granular produces high
resistance of the fluid. The relationship between fine parti-
cles binds to each other because of the granular bond. The
relation between grains is influenced by cohesive forces. The
cohesive force can be expressed by the number of granular
bonds (B,). The ratio between the maximum tensile force
and the average force because of external compression [18].
The presence of granular bonds in fine grains reduces the
ability of fluidization in granular beds.

From the many research conducted, there are unresolved
issues related to handling granular sedimentation. The objec-
tive difficulty associated with granular handling is the differ-
ent nature of each granular character. Empirical research is
often done to handle cases. Empirical research in the industry
is not useful because it requires high costs. The way to over-
come this condition is the granular behavior approach. Fluid
impinging in granular material is one phenomenon that has
not been discussed in detail. It can be proposed as the preven-
tion of sedimentation in the pipeline flow. It is necessary for
studies on the impact of granular materials when exposed to
fluid impact. The experiment is done to study the effect of the
impact of impinging in an immersed granular fluid bed.

3. The aim and objectives of the study

The aim of this study is to investigate fluidization move-
ments. The study investigates impinging fluid in immersed
granular.

To achieve the aim, the following objectives have been set:

— to study the effect of granular diameter on post-imping-
ing fluidization time carried out in immersed granular bed;

— to study the effect of pressure on differences in the di-
ameter of the granular material carried out for the impinging
fluid in a granular bed;



— to study the form of granular fluidization as a result of
impinging fluid in a granular bed.

4. Materials and methods of research

The fluid-granular bed particle interaction was observed
in a Hele-Shaw cell arranged as in Fig. 1. The dimension of
the Hele-Shaw cell is 200x180x3 mm. Water was impinging
into the granular bed through the bottom side of the Hele-
Shaw cell with a nozzle diameter of 1 mm. The inlet of im-
pinging is equipped with a control valve, which is connected
to the timer. Two valves were installed in the fluid line to
regulate the water pressure into the Hele-Shaw cell. The
water was injected to the granular bed in the Hele-Shaw cell
at a pressure varied as 0.5 kg/cm?, 1.0 kg/cm?, 1.5 kg/cm?,
2.0kg/cm?, 2.5kg/cm? and 3.0 kg/cm? for 0.1 s. The pres-
sure is measured by a pressure gauge installed close to the
inlet of the Hele-Shaw cell.

Hele-Shaw cel

Hele-Shaw cell

————y
[] flow
meter ) =
pressure B
8auge |l yalve : -
S T pressure
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pump /
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/
granular input fluid
o b

Fig. 1. Equipment for observation of fluidization:
a — arrangement of equipment; b — Hele-Shaw cell

Particles bed in the Hele-Shaw cell was granular mate-
rial made of glasses. The diameter of granular material was
80 pm, 100 pum, 140 um, 230 um, 290 um, and 340 um having
densities of 2600 kg/m®. The granular diameters were used
to represent several sizes, namely very-fine sand 63—125 pm,
fine sand 125-250 pm, and medium sand 250—500 um [19].

A granular form of glass particles was also observed with
the Dino-Lite digital microscope, as seen in Fig. 2.

Fig. 2. Granular materials for the experiment: @ — 80 um;
b— 100 ym; ¢ — 140 ym; d— 230 ym; e — 290 pm; F— 340 uym

The particles were illuminated with multiple light col-
ors for fluidization motion visualization. The fluidization
motion patterns were captured by a video camera at a rate
of 50 frames per second. The video was extracted into JPG
format with Video to JPG Converter build 1228 V.504.

3. Results of investigation of impinging effect in a
granular bed

Impinging fluid into granular has two behavior mod-
els, i. e., porous media as fix granular and movement fluid-
ized. The step of fluidization granular is started by cavity
forming and continued with fluidization. The pattern of
fluidization depends on the diameter of the granular mate-
rial and pressure. Granular diameters are grouped based on
fluidization behavior and settling motion. Variation of di-
ameters during impinging causes three different behaviors,
fluidized in very fine granular, fine granular, and medium
granular.

5. 1. Impinging in very-fine granular

Impinging in very fine granular (80 pm) results in the
formation of the cavity and continued with the slow motion
of fluidization. The cavity formation process takes place
very rapidly, along with the impact of fluid into the bed.
The granular start fluidized motion after completion cavity
formed. The fluidization process occurs due to the descend-
ing movement of granular at the upper side of the hollow.
Visualization of cavity formation and granular fluidization
of diameter 80 um is shown in Fig. 3.

a b c d

Fig. 3. Movement of 80 um granular by impinging for 0.1 s at
a pressure of 2.0 kg/cm? into the granular bed: a — 0.5 s;
b—10s;¢c—20s;d—23s

Post-impinging, fluidization is very slow. Fig. 3, a is
the formation of a fluid cavity. The fluidization motion
is continued by Fig. 3, b—d. Movement fluidization is
a settling motion of granular agglomerate loose from
the arrangement. Movement slows settling due to par-
ticles no easily separated from the group. Very-fine
granular has a granular bond that affects binding be-
tween individual particles. The intensity of the cohesive
strength can be measured with granular Bond Num-
ber (Byg). It is the ratio between the maximum tensile
force and average power for external compression of the
particle’s mass. Granular Bond Number is expressed by
Bog=Fconesion/ We. The variable Feopesion is cohesive forces
between granular particles and W, is the weight of the
granular particles. If the value B,z>>1, then the con-
nective force between granular is dominant. So that the
particles bind with each other, the influence of bonding
particles causes settling agglomerate granular. Granular
agglomerates settle when the cohesive forces are less



than agglomerate mass. A moment granular agglomerate
separated from the main granular, the force acting on the
granular is cohesive force Feopesion, gravity W, and buoyancy
forces Fjp.

F bouyant
Granular bond

F bouyant

loose

Fig. 4. Forces are acting on granular agglomerate:
a — granular agglomerate; b — drag force breaking the bonds

Fig. 4 shows that the cohesive forces maintain an ag-
glomerate from being destroyed. Cohesive forces make the
bond between the particles to maintain the arrangement.
The forces that work form a bond between the granular are

F

cohesi

:F;du/+l:caﬂ+Fasn' (1)

The force of the Van Der Walls bonding, F,4, is an
attractive force between molecules or between group en-
tities in the entity. It is caused by molecular bonding or
electrostatic interactions of ions or ionic groups or neutral
molecules. Capillarity force F,, is the force that is formed
by the surface tension, which is owned by the working fluid
in granular. Contact force Fg, is a bond force related to the
particle surface roughness, particle diameter, d,, and surface
roughness characteristics dyg),.

The buoyant force maintains granular agglomerate to
stay and avoid settling. Buoyant force equations for granular
agglomerate are expressed by

FBag :(pag _pﬂuid)g'va , (2

where Fpqg is the buoyancy of the granular agglomerate, pgg
is the density of the granular agglomerate, psq is the fluid
density, g is the gravity, and V4 is the granular agglomerate
volume. The agglomerate settles when the buoyant force
and bonding force are less than the agglomerate weight.
Fluidized motion in fine granular is very slow because of the
density of granular agglomerate much less than individually.
Granular agglomerate density p is the density granular po-
rosity. The settling movements cause the drag force Fp. The
drag force is expressed by

Fy=3(Cop, U, A,), ®)

where Cp, U, and A, is the drag coefficient, settling velocity,
and granular agglomerate cross-section. Settling velocity is
a function of the drag coefficient and Reynolds number [20].
Because the fluid velocity at the time of settling is equal to 0,
the Drag coefficient is expressed by the equation
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where pyis the fluid density, d), is the particle diameter, and
Uy is the fluid velocity. When the outside forces are greater
than the cohesive forces of particles, granular agglomerates
are crushed to form grains. Fig. 4, a explains how granular
agglomerate becomes a strong bond. Fig. 4, b explains that
the cohesive force is smaller than the external force caus-
ing agglomerate granular rupture. The fluidization moves
perfectly when the bonds between the particles are released.

The fluidization of the granular material shows the
change of formation from the impinging process. The veloci-
ty of movement of 80 um granular material due to impinging
can be seen in Fig. 5. The graph describes the occurrence of
two conditions, namely the formation of fluid cavities and
settling fluidization. Pressure variations are given to show
the effect of fluid cavity motion and settling fluidization.
The graph shows that fluidization has the same acceleration.

g 125,0 ——P. 0.5 kg/em2
g —=—P. 1.0 kg/cm2
< 1000 ——P. 1.5 kg/em2
—o—P. 2.0 kg/cm2
75,0 —=P. 2.5 ke/em2
——P. 3.0 kg/cm2
50,0
25,0
0,0 ®
0,0 10,0 20,0 30,0 40,0
Time (s)

Fig. 5. Fluidized movement (V) at the diameter
of granular 80 pm

The time of fluidization in very fine granules can be
seen in Fig. 5. From the graph, it can be explained that
impinging is a process of fluid expansion into the granular.
Granular beds undergo fluid cavity formation. The move-
ment to form a fluid cavity occurs very quickly (100 mm/s).
After the granular impinging is stopped for a moment and
continued with fluidization. The fluidizing motion is slower
compared to the expansion of the fluid cavity. Fluidization
movements are influenced by loose granular bonds and
buoyancy. The fluidization movement takes place at a speed
of around 25 mm/s. Fluidization movements accelerate be-
cause of the release capability of the agglomerates, the more
the speed of the very fine granular fluidization is almost the
same at each pressure. This shows that pressure has little
effect on very fine granular.

5. 2. Impinging in fine granular
Granular material with a size of 100 to 300 um is the size
of fine sand, so the granular behavior is different from very fine



granular. Fluidization of fine-granular size granular moves
faster than a very-fine-granular size. The influence of the
cohesive forces in granular decreases when the diameter is
greater than 100 pm [21]. From the experiments, it can be
seen that the motion of fluidized granular of 100 pm in di-
ameter has different configuration fluidization with 80 pm
fine granular. The motion of fluidized granular of 100 um
in diameter is faster than with a diameter of 80 pm. In the
fine sand diameter, the motion of fluidization run individ-
ually granular. The granular is influenced by the process
of the fluidized granular bond. Granular bond causes the
grain into resistance settling and forming fingering fluid-
ization. Fig. 6, a is a post impinging cavity and Fig. 6, b, c
are fingering patterns formed in the fluidization. Fig. 6, d
is a fluidization stop after setting the process. Fluidization
moves up after the impinging forces are gone due to unstable
conditions on the granular material. Gravity has a greater
value than the buoyancy and drag forces.

a b c d

Fig. 6. Movement of 100 um granular by impinging for 0.1s
with a pressure of 2.0 kg/cm?into the granular bed:
a—05s;b—1.0s;c—7.5s;d—12s

The fluidization of 100 um granular material differs in
movement compared to 80 um. Post impinging, granular has
short-term motion. Fluid cavities move quickly. The graph
describes the occurrence of two conditions, namely the
formation of the fluid cavity and settling fluidization. The
velocity of 100 pm fluidization granular is shown in Fig. 7.

0,0 5,0

10,0 15,0

Time (s)

Fig. 7. Fluidized movement (V) at the diameter
of granular 100 um

Fig. 7 shows a cavity expansion followed by settling as a
fluidization process. The cavity expansion at a grain diame-
ter of 100 pum is lower than at a grain diameter of 80 um, so it
shows that the granular bond at a diameter of 100 pm is low-
er than the 80 pm grain. The deposition process occurs faster
because the grain mass is heavy. The velocity fluid to make a
fluid cavity at 0.5 s is 13.5 mm/s for P 30 kg/cm?. The fluid

cavity is followed by settling fluidization. The average time
for the fluidization process is 12 s.

Fig. 8 is the result of impinging on a granular diameter
of 140 um. In this condition, the effect of granular bond is
very low, so the form of fingering is greater. Fluidization
moves faster than smaller granular. Fingering is observable
because of the influence of a weak granular bond.

a b c d

Fig. 8. Movement of 140 ym granular by impinging for 0.1's
with a pressure of 2.0 kg/cm? into the granular bed:
a—10s;b—15s;¢c—2.0s;d—4.0s

The size of the granules influences the time of the fluid-
ization process. Coarse granular is used in the observation,
resulting in shorter fluidization. In impinging 0.1 s with a
pressure varying between 0.5 up and 3.0 kg/cm?, granu-
lar diameter changes affect the settling time. In Fig. 9, it
can be observed that the impinging 0.1 s at a pressure of
3.0 kg/cm? can move 200 mm/s for cavity expansion and
granular fluidization 300 mm/s. The height of the cavity
and the height of fluidizing are decreased at low pressures.
The pressure in the process of impinging influences the
height of the cavity.

200 ——P: 0.5 kg/em2

150 ——P: 1.0 kg/cm2

P: 1.5 kg/em?2

100 ——P: 2.0 kg/cm2

50 —=—P: 2.5 kg/em2

0! P: 3.0 kg/cm2
0,0 2,0 4,0 6,0 8,0
Time (s)

Fig. 9. Fluidized movement (V) at the diameter
of granular 140 pm

Fig. 10 shows that the impinging 0.1s and 2.0 kg/cm?
with a 230 um diameter granular is not fingering in fluidiza-
tion. The effect of the granular bond is weak in this condi-
tion. Granular settling does not bind to each other. Granular
moving individually to follow the movement of impact flow
when given the impact load. Post impinging, granular ma-
terial undergoes settling individual granular. The settling
process increases the granular velocity because the granular
bond does not inhibit the process of settling.

Granular size affects the form of the graph of the velocity
motion of fluidization. Fig. 11 shows the fluidization motion
of the 230 um granular. The graph describes the occurrence
of settling fluidization conditions. Pressure variations are



given to test the effect of fluidization. The graph does not
show the formation of fluid cavities.

a b c d

Fig. 10. Visualization of motion of 230 ym granular by
impinged 0.1 s with a pressure of 2.0 kg/cm? into the
granular bed: a—0.3s; b—0.9s; c—1.5s;d—2.5s

Settling time in post-impinging granular diameter
230 um, can be seen in Fig. 11. The velocity of settling
on granular material 230 pm is shorter than the granular
with a smaller diameter. The graph also explains that the
time needed for the fluidization process is around 3.
The movements that occur are very fast, particles are not
affected by granular bonds when impinging starts, the
drag force of the fluid flow pushes the granular grain.
Some fluid escapes through the gap between the particles.
Granular 230 pm has a large gap to pass through the fluid.
Post-impinging, the granular is immediately stable and
rearranges its structure.

300
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Vf (mmy/s)

200

——P: 1.0 kg/cm2
P: 1.5 kg/cm2

150

100 ——P: 2.0 kg/cm2

50 —=—P: 2.5 kg/cm2

0 P: 3.0 kg/cm2
0,0 1,0 2,0 3,0 4,0
Time (s)

Fig. 11. Fluidized movement (V) at the diameter
of granular 230 um

3. 3. Impinging in medium granular

The particle size of the sand medium starts from 250 pm
to 500 um. The experiments with 290 and 340 um diameters
of granular describe the medium-sand granular movement,
and fluid flows through the slits granular material. Imping-
ing at 290 um with a pressure of 3.0 kg/cm? shows a small
influence on the change in granular arrangements. The time
of granular deformation, at the end of the nozzle hole, is
about 1 s. At low pressures, the composition of grain is fixed,
which means no deformation or granular motion. The quality
of fluidization depends on the bed geometry, the medium
properties, and the fluid flow rate. The minimum velocity for
the fluidization of particles increases with an increase in the
density of fluidization [22].

In the medium sand type, the post-impinging the fluid
flows briefly at high velocity. In large sizes, granular is not
fluidized. Fluid infiltrates in the gap between the granular.
These conditions create a turbulent flow in the granular

Vf (mm/s)

bed. Forchheimer develops the Darcy equation to resolve the
turbulent conditions by adding mass of fluid pyand B inertia
factor into the Darcy equation.

dPE

2
i r +pB-U;, (6)
where Uy is the velocity of the flow on the sidelines of gran-
ular particles, k is the permeability of the medium, p is the
fluid viscosity, L is the length of the porous medium, and P
is the fluid pressure [23]. When the pressure is increased,
the turbulent flow enters the bed quickly. However, the mass
flow is unable to push the granular composition. The graph
of the velocity of fluidization and deformation of granular
can be observed in Fig. 12.
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150 ——P:2.0 kg/cm2
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Fig. 12. Fluidized movement (V) at the diameter
of granular 290 ym

Fig. 12 shows a graph of fluid motion that moves up with-
out a cavity expansion. Granular fluidization moves quickly
and disappears immediately. Fluid flow directly penetrates
the granular bed and escapes out of the granular bed. Flu-
idization occurs very quickly and disappears. The average
fluidization velocity is around 1 s.

3. 4. Patterns of granular motion

The size of the granular material determines the pattern
of the movement of the granular material. Post-impinging,
very fine granular material forms a wide cavity fluid. The
granular bond between the granules and the shear thick-
ening keeps the granules from moving upward. The large
particle size causes the effect of granular bonds to be low, and
the mass of particles to be great. This condition affects the
ability of fluidization and settling post-impinging. Fig. 13
explains that impinging on an 80 pm granular area produces
a wide fluid cavity. At larger sizes (Fig. 13, b, ¢), imping-
ing succeeds in forming a deeper cavity, but the pattern of
movement goes faster. Fluidization moves even faster than
large particle sizes. For large particles (290 um), the ability
of fluidization to move will disappear, as shown in Fig. 12.

The height of the post-impinging granular material mo-
tion is important to be discussed because it is needed to
determine the ability to solve the depositional case. In obser-
vation, the height of the granular motion is influenced by the
ability to escape from the granular bond and the ability to
settle. In very-fine granular, the ability of granular bonds to
bind to the material is very strong. So the fluidization lasts
for a long time, but the fluidization motion cannot be high.
Fig. 14 shows that at a granular size of 80 um, the height of
fluidization is around 80 mm in a granular bed. In fine granu-



lar, the ability of fluidization develops very well. The weak in-
ter-granular bonding force makes it easy for granular material
to move more easily. When the shock flow is inserted into the
granular bed, the granular immediately moves to follow the
flow. The fluid movement would push the granular and con-
tinued settling motion. Settling movements occur faster (ap-
proximately 5-12's), and the height of fluidization develops
to around 140 mm. In larger granular (granular medium), the
ability of granular fluidization will decrease. This condition
occurs because the property of the granular material becomes
porous media. A 290 mm granular height indicates a fluidiza-
tion height of less than 40 mm and disappears immediately.

3. 5. Boundary of the cavity and fully fluidization

The observations prove that the time of movement of
granular fluidization has a relationship with the diameter
and velocity of fluid flow. To determine the effect of different
granular sizes, the approach of Reynolds number of imping-
ing (Rp) is used:

R = p,U/d, , (7

u

where py is the fluid density, d, is the parti-
cle diameter, and Uy is the velocity of fluid in-
let granular bed, and g, is dynamic viscosity.

140 140 140 The incoming fluid velocity is expressed by the
- . . debit (Q) getaway that passes through the gran-
- - ) ular bed divided by the impinging time (0.1 s).
- - - Fig. 15 shows the motion times of fluidization
100 100 100 observed at different Re* with diameter variation.
) ) ) The smaller particle diameter causes the large cavi-
) i i ty and results in longer settling time. The large par-
B B ) ticles were going to mix with water in the direction
50 50 50 of flow. Fig. 15 explains that the Reynolds number
- - - of impinging velocity results in a region of cavity
- - - expansion of less than 4,000. This value is the
- - - boundary of laminar and transition flow. Region
- - - of fluidization without cavity expansion occurs at
the Reynolds number of impinging velocity above
a b c 4,000. The impinging process in the area results in
Fig. 13. Patterns of granular motion by impinging for 0.1 s with a short fluidization and porous media condition.
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Fig. 14. Height of fluidization at post-impinging
vs impinging pressure

The minimum velocity of the fluid is needed, which
passes through the granular material to form fluidization.
The value of buoyancy approximates the minimum veloc-
ity on the granular porosity and with pressure. Fig. 14
explains the effect of impinging pressure on the fluidiza-
tion height of granular material. In large granular mate-
rials, the effect of pressure on fluidization is very low. It
happens because the fluid, which is impinged flows easily
through the particle gap. Fine granular material has gaps
between particles that are more difficult to penetrate.
This causes the formation of fluid cavities and continues
with the process of fluidization in the form of material
settling.

Fig. 15. Reynolds number on differences
in granular diameter at impinging 0.1 s

The fluidization of movement can be made a regional
breakdown of the difference in behavior. In fine granular,
the granular effect bond is very strong, so the fluidization
begins with settling agglomerate granular. Strong granular
bonding is shown from the number of the granular bond B,
much greater than 1. When B, is close to 1, the bond was
not strong enough to hold granular. Movement of settling
fluidized has happened right away was caused by the in-
fluence of poor bond of granular. The condition affects the
shape of fingering fluidization.

The effect of granular bond is lost at a large granular
diameter. The mass of granular, which is larger than bond co-
hesion, caused the material to move down immediately after
forming the cavity. In these conditions, the down movement
patterns do not result in fingering. Impinging process fluid
with a larger diameter (340 pm) resulted in porous media
behavior. Flow-through granular bed directly, so flow out
bed rapidly.



6. Discussion of the results of studying the effect of
impinging in a granular bed

Impinging is used to push the granular material and
get fluidization. The sizes of granular will find out the
fluidization patterns. The results of the experiment stated
that different granular sizes cause different times and high
fluidization. Impinging in very-fine granular cause fluid
cavity is formed immediately, then granular agglomerates
move down and break into fluidization. The figure explains
that fluid cavities are formed spontaneously with a large
impact force. In the process of impinging, the formation
of fluid cavities 110 m/s®> (Fig. 5) and the acceleration of
formation up to 140 m/s? are observed (Fig. 7). High accel-
eration indicates a large force to move the granular mass.
Where the force is a time of acceleration of motion. The
very-fine granular has long time fluidization. The ability
of fluidization in very fine granular is affected by granular
bonds. Granular bonds prevent spontaneous fluidization
due to impinging. Fluid thrust on granular material forms
cavity fluid. Granular bonds occur in very fine grain sizes.
Granular bonding decreases in large grains. The relation-
ship of granular size with granular bonds is expressed by
the relationship between the ratio of maximum tensile
strength and the average power for external compression of
the mass of the particle. The ability to bond between grains
is based on the cohesive force between granular particles
and the weight of granular particles. The larger the grain
size, the shorter the fluidization time. This condition can
be observed in Fig. 9, 11. That is because granular bonds
do not have strong bonds that can hold the connection be-
tween granular during fluidization.

Post impinging granular behavior can be used as data
on material properties. The data can be used as a basis for
designing system breaking sedimentation. The upward
movement of instability is shown by visualizing the flu-
idization movement shown in Fig. 3, 6,8. The granular
behavior can be observed and selected methods of solving
the sediment problem base on the characteristics. Im-
pinging is an alternative method for removing granular
material besides the mechanical and flushing methods.
Mechanical methods cannot be used in turning channels.
The flushing method requires high pressure in the pro-
cess of granular breakdown. The impinging process with
a controlled pressure results in a measured fluidization
area. In the research, nozzles installed on the bottom of
the bed to produce fluidization movements are used. It is a
disadvantage of the impinging-immersed method because
it is necessary to build a piping system for impinging in
the breaking granular. The process is also limited by the
material of granular.

Differences in granular properties cause this research
limited in the type of granular used in the experiment. Re-
search is needed with different materials to get to produce
the condition of the granular material handled. Several
characteristics must be considered about granular material.
In very fine granular material that has an influence on the
bonding forces between particles, the gap between narrow
particles that causes fluid cannot flow easily between par-
ticles. This condition bonds between particles to form a
large resistance to the fluid. Fluid strongly pushes granular
material, but granular material has thickening shear to hold
fluid. In experimental results, particles of 80 um can make

fluid cavities for a long time, the larger granular particles
will settle and stop fluidizing. In larger granular materials,
resistance decreases because there is no inter-bonding force.
After impinging, the formed fluid cavity is also filled with
granular fluid carried by the flow. So that fluidization occurs
from the beginning of the impinging process and does not
enlarge.

The effect of fluidization properties on changes in
granular size is an interesting finding. This phenomenon
can be proposed in the design of equipment developed.
The design needs to consider the working conditions of
the system. Equipment follows the material properties to
be handled. Limited information on granular properties is
a problem in industrial applications. Some changes need
to be prepared to research in the industry. The dimensions
of the equipment in the factory are also different behavior.
This fact is a challenge for researchers to study granular
motion in industrial applications with different variable
dimensions.

7. Conclusions

1. Fluidization processes are due to the flow that breaks
down the granular material’s composition following the flow
of the fluid. At the time of fluid flow is stopped suddenly,
granular material has a deposition process. The size of the
granular material affects the fluidization process. Very fine
granular has a composition of particles with strong bonds.
Interference between particles does not break bonds and
granular move in the form of the agglomerate. So the dep-
ositional fluidization process will take a long time. Large
granular materials do not have bonds between dominant
particles, so the process of fluidization is not influenced by
bonds between particles.

2. The effect of pressure during the impinging process is
the height of the granular material’s fluid cavity. The higher
the impinging pressure, the greater the fluid cavity in the
granular material. This causes a large pressure producing a
higher force to develop a fluid cavity. The effect of pressure
is not significant on the rough granular material. Large gaps
between the particles cause the impinging fluid to easily
escape so that the pressure cannot apply force to the particle
cross-section plane.

3. The form of fluidization post impinging is deter-
mined by the size of the granular material. In very-fine
granular material, post-impinging fluidization begins with
a fluid cavity formation and is followed by long-lasting
fluidization. Agglomerates of granular material move down
and break into granules of fluidization. Fine granular ma-
terial has a form of fluidization that occurs immediately
after the formation of a fluid cavity. Granular material
will immediately fluidize without the formation of fluid
cavities. To determine the area of the occurrence is the
fluid cavity and fluidization approached by the Reynold
Number. Granular motion is divided into two zones, which
have different properties. Region 1 is fluidization with
cavity expansion (Re<4,000). The motion is influenced
by the granular bonds. Granular agglomerates move and
are broken because of the drag force. Region 2 is fully flu-
idization granular (Re>4,000). In this region, motions of
fluidization are not influenced by granular bond, and the
granular bond is negligible.
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