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Abstract. To explore the falling morphology of multiscale fresh tea leaves at different
speeds, this study evaluated the multiscale fresh tea leaves (one bud with two leaves, one
bud with one leaf, single leaf, and damaged leaf) at different heights (0.7 m, 0.5 m, 0.3 m,
and 0.1 m from the ground) during the process of dropping on the conveyor belt at dif-
ferent speeds (0.6 m/s and 1.2 m/s). The motion morphology of fresh tea leaves on mul-
tiple scales was analyzed by discrete element simulation, the results showed that the
movement patterns of multiscale fresh tea leaves at different positions from the ground
were different when the conveyor was dropping at different speeds, and that the multi-
scale fresh tea leaves all rotated around the long axis, short axis, and root of the fresh
tea leaves. When the conveying speed of the conveyor belt was 0.6 m/s, the movement
patterns of one bud with two leaves and of one bud with one leaf of fresh tea were near
the ground, and the movement patterns of the fresh tea leaves were mostly oriented to-
ward the ground. The leaf tips of the fresh tea leaves were mostly on the side near the
ground, the damaged leaves were near the ground, and the movement patterns of the
fresh tea leaves were mostly parallel to the ground. When the conveyor belt throwing
speed was 1.2 m/s, the roots of one bud with two leaves moved toward the ground
when they were close to the ground. When one bud with one leaf was close to the
ground, the leaf tip moved toward the ground, and the single leaf and damaged leaf ro-
tated around the root because of the inertia of the conveyor belt throwing.

Tea is deeply loved by people all over the
world. According to its different processing
methods, it is divided into primary and re-
fined. With the gradual improvement of peo-
ple’s requirements for tea quality, refined tea
has gradually become the mainstream product

in the tea industry market and gradually re-
placed primary tea. Fresh tea leaves sorting is
mainly used for refined tea, whereas tradi-
tional fresh tea leaves sorting mainly uses the
drum type (Luo et al. 2012; Yang et al.,
2013), oscillating type (Ren et al. 2013; Xie
et al. 2012), air-screened grouping type (Tang
et al. 2015; Weng et al. 2014; Zhang et al.
2012, 2013), and modern intelligent sorting
based on computer evaluation (Gao et al.
2017; Laddi et al. 2012; Palacios-Morillo
et al. 2012). Fresh tea leaves are similar to
thin flakes and are more susceptible to the influ-
ence of fluid during the falling process, result-
ing in many complex and interesting motion
forms, such as periodic oscillation falling, tum-
bling falling, disordered falling, and others,
and there are instantaneous flow structures
such as vortex shedding. With the rapid de-
velopment of discrete element simulation

and computational fluid mechanics, more
studies have been conducted to simulate the
falling process of flexible thin sheets using
a computer. Mittal et al. (Rajat and Veerara-
ghavan 2004) were the first to conduct compu-
tational fluid dynamics numerical simulation
of the falling motion of two-dimensional thin
sheets, and they adopted the immersed bound-
ary method to simulate the boundary motion.
Sun et al. (2020) used the gas–Bhatnagar-
Gross-Krook scheme and unified coordinate
system method to solve the two-dimensional
ellipse and rectangular section falling problem.
B€onisch and Heuveline (2007) used the finite
element method to simulate the falling prob-
lem of two-dimensional rectangular slices.
Dmitry and Kai (2010) used the Fourier
pseudo-spectrum method to solve the vorticity
flow function equation to study the falling of
two-dimensional elliptic sections and found
that the reduction of the Reynolds number can
make the falling of slices more stable. Chrust
et al. (2013) conducted a detailed numerical
calculation study of the free-falling motion of
the disk. The research group used engineering
discrete element method (EDEM) to study the
falling motion of fresh tea leaves at a fixed
speed on a single scale, but the falling motion
of fresh tea leaves at different transport speeds
on a multiscale has not been studied (Zhang
and Zhu 2023).

In summary, scholars using the EDEM dis-
crete element method have not yet analyzed
and studied the multiscale fall morphology of
fresh tea leaves at different throwing speeds.
This study used multiscale fresh tea leaves, in-
cluding one bud with two leaves, one bud with
one leaf, single leaves, and damaged leaves,
which were used as research carriers. Under
different dropping speeds of the conveyor belt,
EDEM discrete element software was used to
simulate the falling form of fresh tea leaves.
The multiscale discrete element simulation of
the falling state of fresh tea leaves was
verified by a high-speed camera, and the
falling motion form of multiscale fresh tea
leaves under different transmission speeds
was calibrated.

Materials and Methods

Multiscale measurement of physical pa-
rameters of fresh tea leaves. Because of the
influence of tea tree growth, environment, and
size of mechanical tea picking, the outline
shape of fresh tea leaves of the same variety
is different, and the bud length and leaf length
are different. During this study, 50 samples
were selected for each scale of fresh tea
leaves to measure the leaf size. It was found
that the length of one bud with two leaves
ranged from 20 mm to 35 mm, with an aver-
age of 28 mm; the length of one bud with one
leaf ranged from 15 to 25 mm, and the mean
value was 21 mm; the length of the single
blade ranges from 19 to 35 mm, with an aver-
age value of 30 mm; and the blade length of
the damaged leaf ranges from 9 to 15 mm,
with an average value of 13 mm. The tough-
ness, ductility, and mechanical properties of
fresh tea leaves were tested by a texture
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analyzer. The average elasticity modulus and
shear modulus of tea leaf were 9.3 MPa and
3.3 MPa, respectively (Zhang and Zhu 2023).

Establishment of discrete element particle
model of scale fresh tea leaves. A three-
dimensional scanner was used to conduct three-
dimensional scanning of multiscale fresh tea
leaves, and a three-dimensional model was es-
tablished. The obtained 1:1 three-dimensional
model was imported into discrete element soft-
ware EDEM, and discrete element particles
were filled in the three-dimensional model. Fig-
ure 1A shows one bud with two leaves filled
with 2384 spherical particles of different scales
(Zhang and Zhu 2023). Figure 1B shows one
bud with one leaf filled with 1907 spherical
particles of different scales. Figure 1C shows a
single leaf filled with 1455 spherical particles
of different scales. Figure 1D shows damaged
leaves filled with 1023 spherical particles of
different scales.

Discrete element simulation method based
on EDEM. The discrete element method was
used to simulate multiscale motion character-
istics of fresh tea leaves falling from the con-
veyor belt. The basic model of this study was
the Hertz-Mindlin (no slip) model, which is
accurate and efficient for force calculations.
In the model, the normal force component is
based on Hertzian contact theory, and the
tangential force model is based on Middlin-
Deresiewicz’s research theory. The normal force
and tangential force both have damping compo-
nents and are related to the damping coefficient
and recovery coefficient. The tangential friction
force follows the Coulomb friction law, and the
rolling friction force is independently directed
by the constant torque model through contact
(Ai et al. 2010; Oka et al. 2005; Potyondy and
Cundall 2004; Sakaguchi 1993). Zhang and
Zhu (2023) have explained that the Bonding V2
model in EDEM should also be loaded because
fresh tea leaves belong to a flexible sheet and
have certain bending deformation behavior, and
the bonding force/torque in the model is com-
plementary to the basic contact model. Because
the bonds involved in this model can function
when the particles are no longer in physical con-
tact, the contact radius should be set higher than
the actual radius of the sphere, and the bond
will break when the normal and tangential shear
stresses exceed a certain predetermined value.
Because the weight of fresh tea leaves is

relatively light, it is necessary to consider the in-
fluence of air resistance during falling on the
motion state of fresh tea leaves. The air resis-
tance contact model is added to EDEM. The re-
sistance model is applied to fresh tea leaf
particles and the direction of movement is oppo-
site to that of fresh tea leaves.

Multiscale Tea Leaf Movement
Identification and Simulation Verification

Based on EDEM

Transfer rate selection. No matter the sep-
aration method of fresh tea leaves used, such
as drum type, vibration type, or pneumatic
type, during the process, the transmission belt
is required to transport, and the speed of the
transmission belt directly affects the accuracy
of the separation of fresh tea leaves. The
slow transmission speed affects the sorting
efficiency of fresh tea leaves, and the fast
transmission speed leads to the low sorting
accuracy of fresh tea leaves. Combined with
the actual production characteristics, this
study selected the velocity values of 0.6 m/s
and 1.2 m/s as the velocity variation of the
transmission belt, analyzed the changes of the
multiscale falling motion patterns of fresh tea
leaves under different transmission speeds, and
laid the foundation for the movement charac-
teristics of fresh tea leaves by air suction
sorting.

Multiscale morphological identification of
fresh tea leaves. According to the research
group’s previous research basis, the transmis-
sion belt is 0.8 m above the ground, and the
intervals for the analysis of the falling motion
pattern of fresh tea leaves selected for this
study were as follows: the critical position of
fresh tea leaves falling from the belt to 0.7 m,
0.7 to 0.5 m, 0.5 to 0.3 m, and 0.3 to 0.1 m.
The position morphology of fresh tea leaves
before falling from the belt is shown in Fig.
2A; the fresh tea leaves are parallel to the
conveyor belt and the roots of the fresh tea
leaves are perpendicular to the edge of the
conveyor belt. The motion patterns of fresh
tea leaves in the falling process include turn-
ing the fresh tea leaves around the short axis,
turning the fresh tea leaves around the long
axis, and rotating around the tea root, as
shown in Fig. 2B.

Simulation verification. During previous
basic research, Zhang and Zhu (2023) established

the fresh tea discrete element motion model of
one bud with two leaves based on EDEM and
photographed the falling motion state of the fresh
leaves of one bud with two leaves by using high-
speed cameras. By comparing with the model
and adjusting the parameters, the discrete element
falling motion model of the fresh tea leaves of
one bud with two leaves based on EDEMwas es-
tablished. The fitting degree was higher than
95%. Based on the model, the motion states of
one bud with two leaves, one bud with one leaf, a
simple leaf, and a damaged leaf with different
transmission speeds were analyzed.

Simulation Analysis of Falling Morphology
of Fresh Tea Leaves at Different Transport

Speeds Based on EDEM Multiscale

Movement patterns of one bud with two
leaves of fresh tea at different speeds. Figure
3A shows the falling motion pattern of fresh
tea leaves of one bud with two leaves when
the conveyor belt is running at a speed of
0.6 m/s. The changing law of its falling mo-
tion is as follows: the fresh tea leaves of one
bud with two leaves fall 0.7 m away from the
ground at the belt, and the fresh tea leaves ro-
tate around the long axis and short axis at the
same time; at 0.7 m away from the ground,
the fresh tea leaves move toward the right
side of the conveyor belt and upward (Fig.
2A is the orientation change diagram of the
fresh tea leaves). At 0.7 to 0.5 m from the
ground, the fresh tea leaves of one bud with
two leaves are mainly turned around the short
axis, and the turning angle around the long
axis is small; at 0.5 m from the ground, the
fresh tea leaves have turned 90� around the
short axis, which is consistent with the criti-
cal position of falling. At 0.7 m from the
ground, the fresh tea leaves have turned 90�
around the long axis. At 0.5 to 0.3 m from
the ground, the fresh tea leaves continue to
rotate around the long axis and short axis at
the same time, and the rotation pattern of the
fresh tea leaves around the long axis is con-
sistent with that at the critical point of the
belt drop. At 0.3 to 0.1 m from the ground,
the fresh tea leaves also rotate around both
the long axis and short axis, where the root
of the fresh tea leaves faces down.

Figure 3B shows the falling motion pat-
tern of the fresh leaves of one bud with two
leaves of tea when the conveyor belt is run-
ning at a speed of 1.2 m/s. The changing law
of its falling motion is as follows: when the
fresh tea leaves of one bud with two leaves
fall near the conveyor belt to 0.7 m from the
ground, the fresh tea leaves turn around the
short axis, and the turning angle is close to
180�, compared with the running speed of the
conveyor belt, the fresh tea leaves in this area
have a larger turning angle around the short
axis. In the interval of 0.7 to 0.5 m from the
ground, the fresh tea leaves mainly turn
around the short axis, and the turning angle
is �90�, where the tip of the fresh tea
leaves faces the ground. At 0.5 to 0.3 m
from the ground, the fresh tea leaves are
mainly turned around the short axis, and the
turning angle is �45�. At 0.3 to 0.1 m from

Fig. 1. Multiscale fresh tea leaves. (A) One bud with two leaves of fresh tea leaves. (B) One bud with
one leaf fresh tea leaves. (C) Simple leaf fresh tea leaves. (D) Damaged leaf.
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the ground, the fresh tea leaves mainly turn
around the short axis, and the turning an-
gle is greater than 45�, the movement of
the fresh tea leaves here is manifested as
the root movement toward the ground. In
conclusion, when the fresh tea leaves of
one bud with two leaves were transferred
at different speeds on the conveyor belt,
the falling forms of the fresh tea leaves
were different in each interval of distance
from the surface.

Movement patterns of one bud with one
leaf of fresh tea at different speeds. Figure 4A
shows the falling motion pattern of fresh tea
leaves of one bud with one leaf when the con-
veyor belt is running at a speed of 0.6 m/s.
The changing law of its falling motion is as
follows: one bud with one leaf of fresh tea
leaves falls near the belt to 0.7 m from the
ground, and the fresh tea leaves turn around
the short axis; the rotation angle around the
long axis is close to 90�. At 0.7 to 0.5 m from

the ground, the fresh tea leaves still rotate
around the short axis, and the rotation angle
is much larger than 90� compared with the
position of 0.7 m; at this position, the tip of
the fresh tea leaves faces the ground, and the
fresh tea leaves are in vertical downward
movement. At 0.5 to 0.3 m from the ground,
fresh tea leaves still rotate around the short
axis. Compared with 0.5 m, the rotation angle
of fresh tea leaves around the short axis is
nearly 90�, and the leaves are parallel to the
ground. At 0.3 to 0.1 m from the ground, the
fresh tea leaves rotate around the short axis,
and the rotation angle is less than 90�. At
0.1 m from the ground, the roots of the fresh
tea leaves move downward.

Figure 4B shows the falling motion pat-
tern of fresh tea leaves of one bud with one
leaf when the conveyor belt is running at a
speed of 1.2 m/s, the changing law of its fall-
ing motion is as follows: one bud with one
leaf of fresh tea leaves falls near the belt to
0.7 m from the ground, and the fresh tea
leaves turn around the short axis; the turning
angle is �90�. At 0.7 to 0.5 m from the
ground, fresh tea leaves are still mainly
turned around the short axis, and the turning
angle is close to 45�; compared with the con-
veyor belt running at 0.6 m/s, the movement
pattern of fresh tea leaves here is opposite. At
0.5 to 0.3 m from the ground, the fresh tea
leaves still rotate around the short axis, and
the turning angle is less than 45�. At 0.3 to
0.1 m from the ground, the fresh tea leaves
are still mainly turned around the short axis,
and the turning angle is close to 30�; the
movement pattern of the fresh tea leaves here
tends to be parallel to the ground.

Movement patterns of simple leaf of fresh
tea at different speeds. Figure 5A shows the
falling motion pattern of fresh tea leaves of
simple leaf when the conveyor belt is running
at a speed of 0.6 m/s. The changing law of its
falling motion is as follows: the fresh tea
leaves of a simple leaf fall near the belt to
0.7 m from the ground, and the fresh tea
leaves rotate around a short axis with a rota-
tion angle greater than 90�. At 0.7 to 0.5 m
from the ground, the fresh leaves of simple
leaf tea still rotate around the short axis, and
the rotation angle is �90�; compared with the
aforementioned region, the rotation angle of
fresh leaves of single-leaf tea around the
short axis in this region is smaller. At 0.5 m
to 0.3 m from the ground, the fresh leaves of
single-leaf tea still rotate mainly around the
short axis, and the rotation angle is nearly
60�. At 0.3 to 0.1 m from the ground, the ro-
tation angle of fresh tea leaves around the
short axis is small, and the fresh tea leaves at
0.3 m and 0.1 m from the ground face down;
from 0.3 m from the ground, the rotation an-
gle of fresh tea leaves tends to be stable.

Figure 5B shows the falling motion pat-
tern of fresh tea leaves of a simple leaf when
the conveyor belt is running at a speed of
1.2 m/s. The changing law of its falling mo-
tion is as follows: the fresh tea leaves of a
simple leaf rotate around the short axis and
long axis from the belt to 0.7 m from the

Fig. 2. Position of fresh tea leaves before falling and the main form of motion in the falling process.
(A) The position of the fresh tea leaves before falling. The root is toward the direction of the trans-
mission belt and the leaves are parallel to the transmission belt. (B) There are three movement
trends of fresh tea leaves: rotation around the long axis, rotation around the short axis, and rotation
around the root.
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ground, and the rotation angle around the
short axis is �90�; at the same time, the fresh
tea leaves rotate around the root of the tea
leaves, and the tip of the leaves faces the right

side of the running direction of the conveyor
belt (marked in the direction of Fig. 2A). At
0.7 to 0.5 m from the ground, the change law
of fresh tea leaves is similar to that of the

previous stage, rotating around the long axis,
short axis, and root of fresh tea leaves. At this
position, the fresh tea leaves rotate around
the root, and the rotation direction is opposite to
that of the previous stage. At 0.5 to 0.3 m from
the ground, the fresh tea leaves mainly rotate
around the root, and the rotation angle around
the short axis is �45�. At 0.3 to 0.1 m from the
ground, the fresh tea leaves mainly rotate
around the short axis and long axis, and the rota-
tion angle around the short axis is less than 45�.
The spatial position of the fresh tea leaves at
this position is relatively parallel to the ground,
but the root movement trend is downward.

Movement patterns of damaged leaves of
fresh tea at different speeds. Figure 6A shows
the falling motion pattern of fresh tea leaves
of damaged leaf when the conveyor belt is run-
ning at a speed of 0.6 m/s. The changing law
of its falling motion is as follows: the damaged
fresh tea leaves fall near the belt to 0.7 m from
the ground, and the fresh tea leaves turn
around the short axis at an angle of 90�; at this
time, the fresh tea leaves are vertically down-
ward with the tip of the leaves facing upward.
At 0.7 to 0.5 m from the ground, the damaged
fresh tea leaves rotate counterclockwise around
the short axis, and the rotation angle is �45�.
At 0.5 to 0.3 m from the ground, the damaged
fresh tea leaves rotate counterclockwise around
the short axis, the rotation angle is less than
45�, and the damaged fresh tea leaves are in a
parallel position to the ground. At 0.3 to 0.1 m
from the ground, the fresh tea leaves still rotate
around the short axis, but the rotation angle is
small, and the tip of the fresh tea leaves shows
a trend toward the ground at 0.1 m.

Figure 6B shows the falling motion pattern
of fresh tea leaves of damaged leaf when the
conveyor belt is running at a speed of 1.2 m/s.
The changing law of its falling motion is as
follows: the damaged fresh tea leaves fall to
0.7 m from the ground near the conveyor belt,
the damaged fresh tea leaves rotate around the
short axis, long axis, and root; the rotation an-
gle of the damaged leaves around the root and
short axis is close to 90�. At 0.7 to 0.5 m from
the ground, the fresh tea leaves continue to ro-
tate around the long axis, short axis, and root;
at 0.5 m from the ground, the tip of the dam-
aged fresh tea leaves faces the ground and
slopes upward. At 0.5 to 0.3 m from the
ground, the damaged fresh tea leaves rotate
around the long axis and short axis, where
the rotation around the long axis is �90�, and
the rotation angle around the short axis is less
than 30�. At 0.3 to 0.1 m from the ground, the
movement pattern of the damaged fresh tea
leaves is still the same as that in the previous
stage. At 0.1 m from the ground, the damaged
fresh tea leaves are close to and parallel to the
ground, and the roots of the damaged leaves
tend to move toward the ground.

Discussion and Conclusion

According to this analysis, when the con-
veyor belt is running at a speed of 0.6 m/s, the
multiscale fresh tea leaves fall in different mo-
tion forms but mainly rotate around the rotat-
ing axis. As the distance from the ground gets

Fig. 4. The movement pattern of fresh leaves of one bud with one leaf falling at different distances from
the ground. (A) The conveyor speed is 0.6 m/s. The movement pattern of fresh tea leaves falling.
(B) The conveyor speed is 1.2 m/s. The movement pattern of fresh tea leaves falling.

Fig. 3. The movement pattern of fresh leaves of one bud with two leaves falling at different distances
from the ground. (A) The conveyor speed is 0.6 m/s. The movement pattern of fresh tea leaves fall-
ing. (B) The conveyor speed is 1.2 m/s. The movement pattern of fresh tea leaves falling.
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closer, the rotation angle of the multiscale fresh
tea leaves gradually decreases. The characteris-
tics of one bud with two leaves, one leaf with
one leaf, simple leaf, and damaged leaf gradu-
ally weaken. One bud with two leaves and one
bud with one leaf of tea were near the ground,

and their movement patterns were mostly the
root of the fresh tea leaves toward the ground;
the leaf tips of the fresh tea leaves were near
the ground, the damaged leaves were near the
ground, and the movement patterns were mostly
parallel to the ground. When the conveyor belt

is running at the speed of 1.2 m/s, the movement
of multiscale fresh tea leaves has a completely
different movement form than that when it is
transmitted at 0.6 m/s, which is mainly mani-
fested as simple leaves and damaged leaves.
When the transmission speed is large, the single
leaf and damaged leaf are rotated around the
root by the inertia of the conveyor belt. By com-
paring the changes in the falling movement of
fresh tea leaves under different transmission
speeds, it was found that under the influence of
conveyor belt speed, the transverse distance be-
tween the falling time of fresh tea leaves and the
conveyor belt was different. The greater the
speed, the farther the fresh tea leaves were
thrown. Using one bud with one leaf of fresh tea
leaves as an example, Fig. 7A shows the falling
trajectory of one bud with one leaf of fresh tea
leaves at 0.6 m/s, and Fig. 7B shows the falling
trajectory of one bud with one leaf of fresh tea
leaves at 1.2 m/s.

In summary, when multiscale fresh tea
leaves fall from the conveyor belt at different
speeds, the movement forms of falling are
different from the surface at different posi-
tions. The movement forms are mainly rotat-
ing around the short axis, rotating around the
long axis, and rotating around the root of the
fresh tea leaves. During this study, the motion
morphology of multiscale fresh tea leaves
falling at different speeds was analyzed,
which laid a foundation for the subsequent re-
search of multiscale fresh tea leaves by nega-
tive pressure adsorption.

References Cited

Ai J, Chen J-F, Rotter JM, Ooi JY. 2010. Assess-
ment of rolling resistance models in discrete el-
ement simulations. Powder Technol. 206(3):
269–282. https://doi.org/10.1016/j.powtec.2010.
09.030.

B€onisch S, Heuveline V. 2007. On the numerical
simulation of the unsteady free fall of a solid
in a fluid: I. The Newtonian case. Comput Flu-
ids. 36(9):1434–1445. https://doi.org/10.1016/
j.compfluid.2007.01.010.

Chrust M, Bouchet G, Du�sek J. 2013. Numerical
simulation of the dynamics of freely falling discs.
Physics of Fluids (1994-present). 25(4):044102.
https://www.zhangqiaokeyan.com/journal-
foreign-detail/0704010054414.html.

Dmitry K, Kai S. 2010. Numerical simulations of
falling leaves using a pseudo-spectral method
with volume penalization. Theor Comput Fluid
Dyn. 24(1-4):169–173. https://doi.org/10.1007/
s00162-009-0171-0.

Gao Z-Y, Wang A, Liu Y, Zhang L, Xia Y-W.
2017. Research on intelligent sorting system of
fresh tea based on convolutional neural net-
work. Transactions of Agricultural Machinery.
48(07):53–58. https://doi.org/10.6041/j.issn.
1000-1298.2017.07.007.

Laddi A, Sharma S, Kumar A, Kapur P. 2012.
Classification of tea grains based upon image
texture feature analysis under different illumina-
tion conditions. Food Eng. 115(2):226–231.
https://doi.org/10.1016/j.jfoodeng.2012.10.018.

Luo Y-P, Wang Y-J, Zhang L-L, Tang M, Cai W-Z,
Wen Z-J. 2012. Study on raw material classifier
for famous tea fresh leaves. Chaye. 38(1):27–33.
https://www.taodocs.com/p-35220792.html.

Oka Y-I, Okamura K, Yoshida T. 2005. Practical
estimation of erosion damage caused by solid
particle impact: Part 1: Effects of impact

Fig. 5. The movement pattern of fresh leaves of simple leaves falling at different distances from the
ground. (A) The conveyor speed is 0.6 m/s. The movement pattern of fresh tea leaves falling.
(B) The conveyor speed is 1.2 m/s. The movement pattern of fresh tea leaves falling.

Fig. 6. The movement pattern of fresh leaves of damaged leaves falling at different distances from the
ground. (A) The conveyor speed is 0.6 m/s. The movement pattern of fresh tea leaves falling.
(B) The conveyor speed is 1.2 m/s. The movement pattern of fresh tea leaves falling.

HORTSCIENCE VOL. 59(2) FEBRUARY 2024 171

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-11-24 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.1016/j.powtec.2010.09.030
https://doi.org/10.1016/j.powtec.2010.09.030
https://doi.org/10.1016/j.compfluid.2007.01.010
https://doi.org/10.1016/j.compfluid.2007.01.010
https://www.zhangqiaokeyan.com/journal-foreign-detail/0704010054414.html
https://www.zhangqiaokeyan.com/journal-foreign-detail/0704010054414.html
https://doi.org/10.1007/s00162-009-0171-0
https://doi.org/10.1007/s00162-009-0171-0
https://doi.org/10.6041/j.issn.1000-1298.2017.07.007
https://doi.org/10.6041/j.issn.1000-1298.2017.07.007
https://doi.org/10.1016/j.jfoodeng.2012.10.018
https://www.taodocs.com/p-35220792.html


parameters on a predictive equation. Wear.
259(1–6):95–101. https://doi.org/10.1016/j.wear.
2005.01.039.

Palacios-Morillo A, Alc�azar �A, de Pablos F, Jurado
JM. 2012. Differentiation of tea varieties using
UV-Vis spectra and pattern recognition techni-
ques. Spectrochim Acta A Mol Biomol Spectrosc.
103:79–83. https://doi.org/10.1016/j.saa.2012.10.052.

Potyondy D-O, Cundall P-A. 2004. A bonded-
particle model for rock. Int J Rock Mech Min
Sci. 41(8):1329–1364. https://doi.org/10.1016/
j.ijrmms.2004.09.011.

Rajat M, Veeraraghavan S. 2004. Flutter, tumble,
and vortex-induced autorotation. Theor Comput
Fluid Dyn. 17(3):165–170. https://doi.org/10.
1007/s00162-003-0101-5.

Ren G-X, Fan Q-Y, He X, He X-J, Li W-C, Wang
J, Tang X-L. 2013. Development and experiment

of raw material classifier for bulk fresh tea
leaves. Food Industry Science, and Technology.
34(07):290–292, 304. https://doi.org/10.13386/j.
issn1002-0306.2013.07.082.

Sakaguchi H. 1993. Plugging of the flow of granu-
lar materials during the discharge from a silo.
International Journal of Modern Physics B.
07(09n10):1949–1963. https://doi.org/10.1142/
S0217979293002705.

Sun Y, Yang L-M, Sun C, Teo C-J. 2020. A
three-dimensional gas-kinetic flux solver for
simulation of viscous flows with explicit for-
mulations of conservative variables and nu-
merical flux. Advances in Aerodynamics.
13:15–23. https://doi.org/10.1186/s42774-020
-00039-6.

Tang X-L, Li W-C, Fan Q-Y. 2015. Research pro-
gress on classification and sorting technology

of fresh tea leaves by machine and related
equipment. Chinese Tea Processing. 2:5-8.
https://doi.org/10.15905/j.cnki.33-1157/ts.2015.
02.001.

Weng D-S, Wei B-H, Zan F. 2014. Study on the
design of selecting and classifying machine for
picking tea green. Chinese Journal of Agricul-
tural Mechanization. 35(01):208–211. https://
doi.org/10.3969/j.issn.2095-5553.2014.01.049.

Xie J, Zhang X-Q, Wang J-C. 2012. Tea sieving ex-
periment based on three translational parallel
mechanisms. Transactions of Agricultural Ma-
chinery. 43(10):101–104. https://doi.org/10.6041/
j.issn.1000-1298.2012.10.018.

Yang Y-J, Chen L-H, Fu H-P, Li W, Liu Y-H, Liu
W-Y, Bao X-C. 2013. Development of a fresh
tea leaf classifier. Journal of Hunan Agricul-
tural Machinery. 40(5):106-108, 110. https://
www.doc88.com/p-1088038355980.html?r=1.

Zhang L-L, Dong J-F, Tang B, Cai W-Z, Wen Z-
J, Luo Y-P. 2012. Study on the technique of
picking and classifying fresh leaves from fa-
mous tea machine. Journal of Zhejiang Univer-
sity. 38(05):593–598. https://doi.org/10.3785/
j.issn.1008-9209.2011.12.212.

Zhang X, Yang T, Qiao X, Zhong H, Ou C-J,
Wang S-F, Zhao F-Z. 2013. Analysis of the in-
fluence of airflow field on drift trajectory and
quality of tea. Chaye Kexue. 33(1):60–66.
https://www.doc88.com/p-5894409577882.
html.

Zhang X, Zhu X-Y. 2023. Simulation and experiment
on the falling pattern of fresh tea leaves based on
discrete elements. HortScience. 58(9):1057–1067.
https://doi.org/10.21273/HORTSCI17300-23.
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