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ABSTRACT

A drum-type hot air tea roasting machine was designed to improve the quality of the roasted tea. The basic
structure and working principle of the machine were studied theoretically and experimentally. The CFD-DEM
coupled method and the Box-Behnken experimental design method were introduced to analyse the influence
of the shape of the anti-skid bars and working rotating speed on the tea-roasting quality. The optimum
combination of the working parameters with the height of the anti-skid bar is 30 cm, the figure of the anti-skid
bar is 6, the rotating speed of the roller is 15 r/min, the broken-tea ratio is 2.15%, and the tea’s sensory
appraisal index is 89.32. The comprehensive performance index was better.
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INTRODUCTION

China is a top-class country of tea production and consumption in the world (Li et al., 2020; Zhang et al.,
2020). According to the statistics, China’s tea production was about 280 thousand tons in 2019, tea cultivated
areas being over 4597.87 thousand mu. Nowadays China’s tea industry faces these tendencies, the
diversification of sales channels, the diversification of consumption, branding development (Zhao et al., 2020).
But the lower productivity and the high broken-tea ratio of the existing tea processing equipment restricts the
development China’s industry seriously. The tea roasting process is a key step in the tea processing technique,
and it has a very important significance to enhance tea quality further.

Shi et al., (2015), set up the numerical simulation of the temperature variation in and the tea-leaf particle
movement in the tea roasting machine using CFD-DEM coupled method, the optimized equipment improves
the stir-fried green tea’s homogeneity and the stirring-fried rate heavily. Lv et al., (2016), believed that
because there isn’t enough heat supplied, the tea leaves receive heat asymmetrically in the tea processing
course; they designed the tea roasting machine that could make tea leaves receive heat more equally,
improving the heat energy use ratio. Li et al., (2013), developed a tea roasting machine on the basis of the
material characteristics of Lu’an Guanpian tea. Although the above machine improves the tea productivity to
a certain extent, this technique doesn’t give an analysis to the tea leaves movement rule in the roasting course,
which affects the design of the tea processing equipment.

On the above analysis, this paper designs a drum-type hot air tea roasting machine in order to deal with
the lower productivity and the high broken-tea ratio in the tea processing course. This research is set up based
on 6CFG-100 type tea roasting machine.
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By studying the rotating speed of the roller and the anti-skid bars, through CFD-DEM simulation
experiment to get the optimum shape of anti-skid bar and the optimum rotating speed of the roller, and then
through prototyping and orthogonal tests obtaining the optimum parameters of the tea roasting machine, this
research plans to provide methods on the optimizing structural design and working principle of the tea
processing equipment.

MATERIALS AND METHODS
The structure and working principle of the tea roasting machine
The structure of the tea roasting machine

The drum-type hot air tea roasting machine is made up of the outer shell of roller, the roller, hot air control
cabinet, the regulator, the rack, the control cabinet, the anti-skid bar, the rear roasting board, the front roasting
board and so on, as shown in Fig. 1 and Fig. 2.

Fig. 1 - Complete machine Fig. 2 - Internal structure

1-The outer shell of the roller; 2-the roller; 3- hot air control cabinet; 4- regulator; 5-the rack;
6- the control cabinet; 7-the anti-skid bars; 8-the rear roasting board; 9-the front roasting board

The working principle of the tea roasting machine

The outer shell of the roller stands on the rack with the two sides of the spindles. During the work, turning
on the hot air volume damper, the hot air passes through the square-diameter reducing pipe and then emits
into the outer shell of the roller. The hot air heats the inner wall of the roller, the extractor fan makes the hot
air distribution be more uniform on the tea leaves. The drive motor makes the roller rotate, the anti-skid bar
carries the tea leaves to run around, which makes the tea leaves be heated more homogeneously. The roasting
board pushes the tea leaves automatically, which makes the tea leaves shapes more compact. The
temperature and humidity sensor in the roasting machine guarantees that the made-up tea fulfil the demand
of the moisture content. The motor drives the screw elevator movement, then pulls the in-put and out-put
materials mouth up and down, and the made-up tea comes out automatically. During the roasting process,
there is an imbalance of temperature and press between the hot air and the tea leaves, their interaction causes
the heat transfer and the mass transfer, which makes the temperature of the tea rise and at the same time the
inner moisture of the tea go down, and then leads to the made-up tea roasting.

The rotating speed of the roller
When the tea leaves move to the highest point in the roller, this research makes a force analysis of the
tea leaves, as shown in Fig. 3. When the tea leaves stay on the highest point K, the research ignores the effect

from the anti-skid bar, the own weight of the tea leaves equals the centrifugal force, Fr, as:

G=mg=Fy=mw?R=m (mglgm)z R (1)
Where:

M is the total quality of the tea leaves, [kq];

Niim is the ultimate speed of the roller, [r/min];

R is the radius of the roller, [m];

g is the acceleration of gravity;
o is the angular speed, [rad/s].
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This paper calculates the ultimate speed of the roller, Niim=42.28 r/min.
%

2707
Fig. 3 - Stress analysis of tea grain at K Fig. 4 - Schematic diagram of movement characteristics

This research makes an experiment on the angle of the tea’s material-distributed curtain and the tea’s
movement when the roller speed is 10-40 r/min. The results show that when the deviation angle of the tea
leaves in the drum is 10°- 45°, the water content of the tea leaves is reduced, and the appearance of the tea
leaves is kept well. Combining the actual experiment and the analysis of the tea’s movement characteristics
in the roller, when the ultimate rotating speed of the roller is 30%-45%, there is a perfect result.

The shape of the anti-skid bar

Fig. 5 shows three common shapes of the anti-skid bars. The tossing and casting experiments were
performed to select the suitable shape of the anti-skid bar. The experiment results show that if the anti-skid
bar is the right-angle shape and the obtuse-angle shape, in the rotation of the roller, the anti-skid bar holds a
bigger quantity of the tea leaves, generating a bigger rising height of the tea leaves, which makes the tossing
and casting speed of the tea leaves bigger, leading to a higher broken- tea ratio. If the anti-skid bar is the
triangular shape, in the rotation of the roller, the tea leaves rise at an optimum height and form a better effect

of the material-distributed curtain, which is very beneficial to the tea roasting process.
\ i\

=
L

a) The right-angle b) The obtuse-angle c) The triangular

Fig. 5 - Common shapes of the anti-skid bars

The amount of the anti-skid bars
Fig. 6 shows the motion state of tea at an instant. The paper assumes the tea particle maintains its position

angle ak, the casting speed V. The relationship between the particle position angle and time t is:

_r(a-a,) _ 2Rocosay, 2\/(F€a)C0505k1)2 ~(Rw)’ +Rgsing,

= 2
180w g g

Where:
ok is the position angle of K anti-skid bar in a moment;
o. is the position angle after time t.

In this paper, the concept of the density of the tea material distributed curtain in the roller is proposed to
explain the motion characteristics of tea particles with the rotation of the roller, which means that the quantity
of the detained tea particles per unit volume when the tea leaves rotate with the roller.

Fig. 7 shows that the change of the position angle of the anti-skid bar follows the time change. Suppose

that the anti-skid bar K has the position angle a, the amount of the tea leaves is held P,. If the position angle
is ak1, the amount of the tea leaves is Pqt, then the anti-skid bar K casts the amount of the tea particles:
Paxi-P,. From the above analysis, the density of the tea material distributed curtain has its computational
formula:

_ é( Pakl - Pa) (3)
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Where: p is the density of the tea;
S is the cross sectional area of the tea distributed curtain in the roller;
L is the width of the tea distributed curtain in the roller;
K is the momentary processing amount of the anti-skid bars in the rotation of the roller.

t=floy)

—
0 oy,

Fig. 6 - Movement trajectory of tea granules Fig. 7 - The change law of position angle with time

From the above analysis of the tea leaves casting test, there is a changing rule between the amount of
the anti-skid bars in the roller and the density of the tea material distributed curtain, the results are shown in
Table 1.

Table 1
Relationship between the amount of anti-skid bars and the density of the curtain
The amount of the anti-skid bars 4 5 6 7 8
The momentary processing amount of the anti-skid bars
in the rotation of the roller 2 2 3 3 4
The density of the tea material distributed curtain kg/m3 20.00 13.33 10.67 10.14 6.67

The results show that: with increase in the amount of the anti-skid bars, the anti-skid bars join the operation
in a moment gradually, the density of the tea material distributed curtain decreases gradually.
Considering the influence of the size and shape of tea particles and the uniformity of tea leaves in the process
of movement, from the above experiment and reference to the Agricultural Machinery Design Manual, the best
solution is determined as follows: 6 triangular anti-skid ribs are evenly arranged on the inner wall of the drum
with an interval of 60°.

Simulation analysis

This paper combines Fluent16.0 and EDEM2.7 to make a simulation computation, Fluent software is used
to find out the solution of the gas phase, the solid phase finds its solution with the software EDEM, and the
Euler-Euler coupling method is introduced for Simulation analysis.

SolidWorks is used to model three kinds of drums with different anti-skid rib shapes. The meshing module
under ANASYS16.0 software is used to divide the inner flow channel mesh of the simplified drum, as shown
in Fig. 8. To improve the computation speed and enhance the computation accuracy, on the actual shapes of
the tea leaves, this research simplifies 4 models in Fig. 9 to make a simulation computation.

= =
= =
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j

a) the right-angle  b) the obtuse-angle  c) the triangular

Fig. 8 - Solid model and mesh model of heating roller Fig. 9 - Simplified tea particulate model
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RESULTS
The movement effect of the tea particles from the shape of the anti-skid bar

Under the same rotating speed (n=15 r/min) and same moment (t=2s), this paper makes three simulations
of the different shapes (right-angle, obtuse-angle, triangle) of the anti-skid bar, as shown in Fig. 10.

a) the right-angle b) the obtuse-angle c) the triangular

Fig. 10 - Effects of three non-slip bars on the movement of tea leaves

From the simulation results, this paper finds that the tea leaves can set up the material distributed curtain
with rotation of the roller in right-angle and obtuse-angle situations for contacting the hot air sufficiently, as
shown in Fig. 10 a) and b). But under these two situations, the anti-skid bars hold more tea leaves, which
makes the tea leaves inhomogeneous distribution, the tea leaves can’t get good extrusion shapes, so the
appearance of the tea leaves is not good. With the rotation of the roller, the tea particles are taken up so high
on the flat XOZz, which makes the angle of the material distributed curtain be too big and makes the broken-
tea ratio higher, leading to the lower quality of the tea roasting process. Fig. 10 c) represents the triangle anti-
skid bar. Compared with Fig. 10 a) and b), in the roasting process, there is a good extrusion among the tea
particles, which is better to make the tea leaves have a good appearance, because the tea leaves are taken
up lower in the roller, which decreases the broken-tea ratio heavily, and has the optimum effect in the tea
roasting process.

The effect of the anti-skid bar shape on the tea particles speed

Fig. 11 shows that the 3 different shapes of the anti-skid bars have their different effects on the changing
rules of the tea movement speed in the roller. Fig. 11 a) is the right-angle shape, the changing speed of the
tea particles belongs to the scope of 0.86-1.10 m/s, the fluctuant speed of the tea particles is very high, which
makes the position of the tea particles rise higher or lower. In the actual roasting operation, it is very easy to
make the tea appearance moulding, which is not good and decreases the tea roasting quality. Fig.11 b) is the
obtuse-angle shape, the average speed of the tea particles changes in the scope of 0.73-1.22 m/s, it fluctuates
the most and has a harmful effect on the tea roasting process. Fig. 11c) is triangle shape, the changing scope
of the tea particles average speed belongs to 0.85-1.09 m/s. Compared with Fig. 11a) and b), the fluctuant
scope of the tea particles speed is the minimum one, and there is not the higher peak value or the lower peak
value of the speed, which makes the tea particles have a homogeneous speed in the roller, and makes the tea
leaves have a perfect appearance moulding, and makes the tea leaves have the best roasting quality in the
roasting process.

Volocky - Time By Velocity - Time. e Velocity - Time

a) the right-angle b) the right-angle ¢) the triangular

Fig. 11 - Effects of three anti-skid bars on tea particles velocity

The effect of the roller’s rotating speed on dispersion degree of the tea particles

This paper uses the separation ratio (q) proposed by Akash Gupta (2017) to describe the degree of
dispersion of tea particles, q being a smaller number, which shows the tea particles are more sparse, the
dispersion effect is better, the tea leaves roasting homogeneity is better; if q is bigger, a bad result is obtained.
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This research uses EDEM software to record and resolve the contact number of tea leaves at different
times. Through the operation of the statistics data, this paper gets the different segregation ratio curves with 3

different rotating speed of the roller, as shown in Fig. 12.

As can be seen from Fig. 12, the tea leaves segregation ratio rises continuously with 3 different working
situations in the beginning stage, and the main reason is that the contact among the tea particles plays the
key role in first stage. With the rotation of the roller, in the moment before the tea leaves are cast, the
segregation ratios under these 3 different working situations all get their peak values. When the tea leaves are
cast, the segregation ratio holds its low ebb. If the rotating speed of the roller is 10 r/min, the tea leaves
segregation ratio is max, if the speed is 20 r/min, the segregation ratio is mini. If the rotating speed is very low,
the area of the material distributed curtain is small, which makes a bad effect on the roasting process. If the
rotating speed is too high, it makes the tea leaves crush, which decreases the tea roasting quality. From the
above analysis, when the rotating speed of the roller is 15 r/min, the tea leaves segregation ratio is the perfect

one, which gets the best tea roasting quality.
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Fig. 12 - Variation curve of the separation ratio of tea particles

The effect of the rotating speed on internal flow field in the roller

In the ANSYS Fluent processing module, the flow field distribution cloud map under different working

situations (n=10 r/min, n=15 r/min, n=20 r/min) is obtained, as shown in Fig. 13.
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Fig. 13 - Cloud diagram of flow field distribution in three working conditions at the same time
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As can be seen from Fig. 13, if the rotating speed of the roller is 10 r/min, the temperature change of
the solid phase happens mainly in the near inner wall-surface of the barrel, which makes an insufficient contact
with the hot air of the continuous phase, gets a smaller regional area of the temperature change, the changing
speed is lower, if t=3.5 s, the change regional area of the solid phase temperature is less than 25% of the
whole roller sectional area, and the tea roasting effect is obviously lower. In Fig. 13 c), if the rotating speed of
the roller is 20 r/min, compared with Fig. 13 a), this paper finds that the temperature changing area of the solid
phase increases to a bigger one, which has sufficient contact with the hot air of the continuous phase, and
enhances the roasting effect to a certain extent. From the temperature change from t=1 s to t=3.5 s, this
research finds that, because of the high rotating speed of the roller, the casting speed of the tea particles is
high, if t=3.5 s, the changing regional area of the solid phase temperature is about 70% of the whole roller
sectional area, which makes the tea particles of the solid phase crush each other and decreases the tea
roasting quality. In Fig. 13 b), this research finds that if the rotating speed of the roller is 15 r/min, the
temperature change is sufficient, the near inner wall-surface temperature tends towards the balance with the
rotation of the roller gradually, the temperature changing area is about 50% of the whole roller sectional area,
the temperature changing area is the best one.

According to the above analysis, if the form of the anti-skid bar is the triangle shape, the rotating speed
of the roller keeps 15 r/min, the tea roasting quality is the best one.

The prototyping experiment

The experiment condition
The prototyping test was carried out to verify the rationality of the working performance and the parameter

design of the drum-type tea roasting machine, as shown in Fig. 14.

et
Fig. 14 - Experimental prototype of hot air tea roasting machine

This test chooses 3 degree fresh tea leaves as the row materials, before the tea roasting, the moisture
content of the fresh leaves being 15%-20%, the average unit weight being 100.2 kg/m3. The experiment
instruments and equipment include the drum-type, hot air tea roasting machine, 1 kg / piece of teapot with a
variety of precision, a TCS electronic scale with the precision of 10g-100g, a second chronograph with the
resolution precision of 0.01 s, a determining instrument of the crushing tea dust, and an experiment tool bag.
The experiment method and result

This paper uses Box-Behnken as a test method, broken-tea ratio and the tea sensory evaluation score as
the assessment index. The paper sets out a series of experiments on the height of the anti-skid bar (the level-
value Xi, the coded value x1 ), the number of the anti-skid bars (the level-value Xz, the coded value x2 ), the
rotating speed (the level-value Xs, the coded value x3). The level-value and the coded value of the experiment
elements are shown in Table 2. The experimental scheme and the result are shown in Table 3.

Table 2
Experiment factor level and coded value
Coded value The height of the anti-skid bar The number of the anti-skid  The rotating speed
bars
-1 20 4 10
0 30 6 15
1 40 8 20
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Table 3

Experiment scheme and results
The height of the The number of the The rotating The broken-tea The tea sensory

No- anti-skid bar, x1 anti-skid bars, x2 speed, x3 ratio, Y1 evaluation score, Y2
1 0 1 -1 2.3 85
2 0 0 0 2 90
3 0 0 0 2 90
4 0 1 1 2.6 83
> 0 -1 -1 2.2 86
6 0 0 0 21 91
! -1 0 1 24 84
8 0 0 0 2 91
o 1 0 1 2.7 82
10 0 -1 1 2.4 84
1 -1 1 0 2.4 85
11 1 1 0 2.8 84
13 -1 -1 0 22 86
14 1 0 -1 24 84
15 1 -1 0 2.3 85
16 -1 0 -1 2.2 86
17 0 0 0 2 90

The regression model

This research imports the experimental data in Design-Expert 10.0 to make a regression fit, which sets
up the regression model of the broken-tea ratio and the assessment index of the sensory evaluation score
from different elements, as shown in Eq.(4).

After getting rid of the non-distinctive regression items, the regression model of the broken-tea ratio and
the sense assessment index is shown in Eq.(5):

Y, = 2.02+0.13x +0.13x, +0.13x°0.075x X, +

0.025x,X, +0.025x,X, +0.23% +0.18x,” +0.18x,”
Y, =90.40-0.75%, —0.50x, —1.00x* +0.000x, X, +
0.000x,, +0.000x,x, — 2.95%” — 2.45x,” —3.45x,”

(4)

Y, =2.02+0.13x, +0.13x, +0.13x°0.075%,x, +
+0.23%, +0.18x,” +0.18x,

Y, =90.40—0.75x, —0.50x, —1.00x* — 2.95x 2
—2.45x,? ~3.45x,?

®)

Analysis of the effect of experimental factors

In the regression equation, one element with the factor level o is randomly selected, and the remaining
two elements are studied to find out their influence on the broken-tea ratio and sensory evaluation indicators.
The software Design-Expert 10.0 is used to make an analysis to get the response hook face affected by the
interaction factors, as shown in Fig. 15.

In Fig. 15 a), this paper finds that if the same amount of anti-skid bars is maintained, the broken-tea
ratio has a changing tendency with the increased height of the anti-skid bar, this tendency decreases at the
beginning and then increases at the end. If the anti-skid bar keeps same height, the broken-tea ratio has a

102



Vol. 67, No. 2 / 2022 INMATEH - Agricultural Engineering

changing tendency with the increased amount of the anti-skid bars, this tendency decreases at the beginning
and then increases at the end.

In Fig. 15 b), if the rotating speed of the roller is maintained the same, the broken-tea ratio has a
changing tendency with the increased amount of the anti-skid bars, this tendency decreases at the beginning
and then increases at the end; if the amount of the anti-skid bar is kept the same, the broken-tea ratio has a
changing tendency with the increased rotating speed of the roller, this tendency decreases at the beginning
and then increases at the end. In Fig 15. c), if the rotating speed of the roller is maintained the same, the
broken-tea ratio has a changing tendency with the increased height of the anti-skid bar, this tendency
decreases at the beginning and then increases at the end. If the height of the anti-skid bar is maintained the
same, the broken-tea ratio has a changing tendency with the increased rotating speed of the roller, this
tendency decreases at the beginning and then increases at the end. In Fig. 15 d), this paper finds that if the
amount of the anti-skid bar is kept the same, the sense assessment index has a changing tendency with the
increased height of the anti-skid bar, this tendency increases at the beginning and then decreases at the end.
If the height of the anti-skid bar is maintained the same, the sense assessment index has a changing tendency
with the increased amount of the anti-skid bar, this tendency increases at the beginning and then decreases
at the end. In Fig. 15 e), this paper finds that if the rotating speed of the roller is maintained the same, the
sense assessment index has a changing tendency with the increased amount of the anti-skid bar, this tendency
increases at the beginning and then decreases at the end. If the amount of the anti-skid bar is maintained the
same, the sense assessment index has a changing tendency with the increased rotating speed of the roller,
this tendency increases at the beginning and then decreases at the end. In Fig. 15 f), this paper finds that if
the rotating speed of the roller is maintained the same, the sense assessment index has a changing tendency
with the increased height of the anti-skid bar, this tendency increases at the beginning and then decreases at
the end. If the height of the anti-skid bar is maintained the same, the sense assessment index has a changing
tendency with the increased rotating speed of the roller, this tendency increases at the beginning and then
decreases at the end.

The retating spees o "5 The height of the ant-skid bar

a) lef(XL X2, 0) b) Y1=f(0, X2, X3) C) lef(Xl, 0 ,X3)

The tea cut-looking sense
e tea out-tooking sense

he tea out-looking sense

d) Yzzf(Xl, X2, 0) e) Y2=f(0, X2, X3) f) Yzzf(Xl, 0, X3)
Fig. 15 - Response surfaces of interactive factors influence on test indexes

The optimization model and the experimental verification

Based on the working performance demand and the actual working condition of the drum-type hot air tea
roasting machine, this work plans to succeed in the lower broken-tea ration, the higher sense assessment
index. According to the different elements having different effects, this paper needs to optimize all results. This
paper regards the broken-tea ratio and the sense assessment index as an objective function, makes the
optimization design to 3 experimental elements, including the rotating speed of the roller, the height of the anti-
skid bar and the number of the anti-skid bars.
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The optimization constraint conditions can be conducted as follows:

minY, = f, (X,, X,, X;)
maxY, = f, (X, X,, X;)

X, (20,40) (6)
st.e X, 6(4,8)
X, (10,20)

The influence laws of three experimental factors affecting the broken tea rate and sensory evaluation
indexes are comprehensively considered to get the best parameter combination, using Design-Expert 10.0
software to make an optimization solution. This research gets the optimum working parameter combination,
the height of the anti-skid bar being 31.91mm, the amount of the anti-skid bars being 6.4, the rotating speed
of the roller 16.52 r/min, the broken-tea ratio 2.15% and the sense assessment index 89.32.

In order to use the optimum parameter combination in the actual production, this paper makes the round
number of them, the height of the anti-skid bar is 30 mm, the amount of the anti-skid bars is 6, the rotating
speed of the roller is 15 r/min, 3 repetitive tests are made to get the average value, the broken-tea ratio is 2.02
%, the sense assessment index is 90.02, which means the experimental results keep an accord with the
theoretical results substantially, thus the regression model is good. The actual roasting effect is shown in Fig.
16 and it fulfils the tea quality demand.

Fig. 16 - Tea leaves after roasting

CONCLUSIONS

(1) According to the present tea processing equipment, there are still many problems, such as low
productivity, high broken-tea ratio and so on. To improve the quality of the processed tea, this paper designs
a drum-type hot air tea roasting machine. This paper states the elementary working construction and the
operation principle, and makes a theoretical analysis of the design parameter, confirms the key parameters,
such as the rotating speed of the roller, the form of the anti-skid bar, the number of the anti-skid bars.

(2) The coupling method CFD-DEM was used to analyse the effect from the form of the anti-skid bar in
the inner wall of the machine and the rotating speed to the tea roasting quality. The simulation results show,
the form of the anti-skid bar is triangle, the rotating speed of the roller is 15 r/min, the tea leaves get an optimum
movement rule, an optimum separation ratio and an optimum flow field change.

(3) The Box-Behnken was introduced to design the experimental methods, regarding the height of the
anti-skid bar, the amount of the anti-skid bars, the rotating speed of the roller as the experimental elements,
and regarding the broken-tea ratio and the sense assessment index as the test indexes, making the series
experiments on the operation parameter of the roasting tea machine, finding out that the optimum working
parameter combination is the height of the anti-skid bar being 30 mm, the amount of the anti-skid bars 6, the
rotating speed 15 r/min, the broken-tea ratio 2.15% and the sense assessment index being 89.32.

ACKNOWLEDGEMENT

This work was supported by the Science and Technology Achievement Transfer and Transformation Subsidy
of Shandong Province (Science and Technology Collaboration of Shandong Province and Chongqing)
(2021LYXZ019), the Natural Science Foundation of Shandong Province (ZR2021QE217), and the
Agricultural Major Application Technology Innovation Project of Shandong Province - Research on Intelligent
and Clean Northern Tea Withering and Drying Technology and Equipment.

104



Vol. 67, No. 2 / 2022 INMATEH - Agricultural Engineering

REFERENCES

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

Akbarzadeh V., Hrymak AN., (2016), Coupled CFD-DEM of particle-laden flows in a turning flow with a
moving wall, Computers and Chemical Engineering, Vol. 86, pp. 184-191.

Akhshik S., Behzad M., Rajabi M., (2015), CFD-DEM approach to investigate the effect of drill pipe
rotation on cuttings transport behaviour, Journal of Petroleum Science and Engineering, Vol. 127, pp.
229-244,

Dammah O., Eun J.L., Sang G.L. et al., (2020), Optimizing process of brewing onion peel tea using a
response surface methodology, NFS Journal, Vol. 20, pp. 22-27.

Fernandez X.R., Nirschl H., (2013), Simulation of particles and sediment behaviour in centrifugal field
by coupling CFD and DEM, Chemical Engineering Science, Vol. 94, pp. 7-19.

Gu C.H., Zhang X., Li B. et al., (2014), Study on heat and mass transfer of flexible filamentous particles
in a rotary dryer, Powder Technology, Vol. 267, pp. 234-239.

Gupta A., Katterfeld A., Soeteman B. et al., (2017), Discrete element study mixing in an industrial sized
mixer, Nurnberg Messe Gmbh, pp. 1-4.

Herz F., Mitov |., Specht E. et al., (2015), Influence of the Motion Behaviour on the Contact Heat Transfer
Between the Covered Wall and Solid Bed in Rotary Kilns, Experimental Heat Transfer, Vol. 28, issue.2,
pp. 174-188.

Huang Z., Weng Y.X., Fu N. et al., (2015), Modeling the Total Residence Time in a Rotary Dryer.
International Journal of Food Engineering, Vol. 11, issue.3, pp. 405-410.

Igbal N., Rauh C., (2016), Coupling of discrete element model (DEM) with computational fluid mechanics
(CFD): A validation study, Applied Mathematics and Computation, Vol. 277, pp. 154-163.

Li Bing., (2013), The clean processing Machine of “Liu-an Guapian Tea” and its technical study (&
B EEE I T YRR T Z#7%), PhD dissertation, Anhui Agricultural University, Hefei / Anhui.

Li W.C., Gao H.F., Fan Q.Y. et al., (2020), Study on the Application of Re-drying Machine in the
Processing of Rizhao Green Tea (£ F#174& B BE 51 T RN AR 5), China Tea Processing, Vol.
2020, issue. 02, pp. 17-21.

Lv K.., Lv S.X., (2016), A kind of tea roasting machine(—##*b%54/1), 201611116605, China.

Neverov V.V., Kozhukhov Y.V., Yablokov A.M. et al., (2017), Optimization of a centrifugal compressor
impeller using CFD: the choice of simulation model parameters, IOP Conference Series: Materials
Science and Engineering, Vol. 232, issue 1.

Peinado D., de Vega M., Garcia-Hernando N. et al., (2011), Energy and exergy analysis in an asphalt
plant’s rotary dryer, Applied Thermal Engineering, Vol. 31, issue 6-7, pp. 1039-1049.

Shi Z J., Zhang X., Zhong J. et al., (2015), Study on de-enzyme process and structure optimization of
tea hot-air cylinder dryer based on multiphase flow theories (R T Z B RBSHNANRTIRES RZE
=12, Electromechanical Engineering, Vol. 32, issue 08, pp. 1050-1055.

Zhang K.X., Li J.F., Song Z.H. et al., (2019), Optimum Design and Test of Variable Diameter Double
Disc Air Suction Precision Seeder (ZRENEZB SR A BEHEF =L L RIT5IX5), Journal of
Agricultural Machinery, Vol. 50, issue 06, pp. 52-63.

Zhang K.X., Wang W.Z., Zhao X.Y. et al., (2020), Design and Experimental of Drum-type Tea Hot Air
Re-dryer (R IEMHH R E FH1%1T 5it18), Transactions of the Chinese Society for Agricultural
Machinery, Vol. 51, issue 05, pp. 377-386.

Zhao A.J., Cheng W D., (2020), Current situation and development prospect of tea planting
mechanization (Z=iFEH WAL IR K& X B Bi=), Modern Agricultural Research, Vol. 49, issue 01, pp.
94-95.

Zheng W.X., Lv Z.Q. Zhang W.Z. et al., (2019), Design and test of single row sweet potato vine recycling
machine (BEfTHZEME [O#11%1T 5i5%8), Journal of Agricultural Engineering, Vol. 35, issue 06, pp.1-
9.

105



