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ABSTRACT

During the grain drying process, in order to adjust the temperature, it is necessary to match the proportion
of hot and cold air. This is the problem that the two components in the mixed gas cannot fully mix with
each other in a short period of time, resulting in the problem that it takes a long time for the gas flow
temperature to reach a stable value. Based on the process and technical requirements of the dryer, a
self-priming hot air temperature changing device suitable for the dryer was designed. The two gas
components used to improve the variable temperature ratio of the dryer are fully mixed with each other
in a short time and a short distance, thereby reducing the loss caused by the food not reaching safe
moisture. Based on Bernoulli's principle and the basic theory of airflow mixing in fluid dynamics, a
mathematical model of airflow mixing in the constriction section of the main pipeline was established.
Fluent was used to numerically simulate the distribution of uniform mixing distance and temperature field
in the necking section. The results show that the mixing uniformity in the necking section reaches 75%-
80%, which effectively improves the mixing efficiency. A self-priming hot air temperature change device
test bench developed independently was used, and the quadratic orthogonal rotation combined test
method was used for parameter optimization. Design-Expert.V8.0.6.1 was used for analysis and testing,
and the regression equation and response surface were obtained to analyze the effects. Interaction
between factors to determine the best combination of optimization parameters: when the number of air
inlet pipes is 3.16, the incision axial angle is 27.6°, the temperature difference is 43.5°C, and the pipe
diameter is 23.8 mm, the post-mixing temperature is 50.93°C, and the mixing distance is uniform is 39.33
mm. The test results are consistent with the optimization results. The self-priming hot air temperature
changing device of the dryer has certain practical application value.
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INTRODUCTION

According to the National Bureau of Statistics' announcement on grain output data in 2022, the
country's total grain output was 686.53 million tons (1,373.1 billion kilograms), an increase of 3.68 million tons
(7.4 billion kilograms) compared with 2021, an increase of 0.5%. Among them, grain output is 633.24 million
tons (1,266.5 billion catties), an increase of 490,000 tons (1 billion catties) compared with 2021. However,
every year due to climate reasons, the drying time is not enough to reach safe moisture, resulting in losses of
up to 5% of the total output. Therefore, it is crucial to reduce the temperature uniformity time of the mixed
airflow and accurately control it (Chen et al., 2020).

Rice drying usually uses two drying methods: traditional natural drying and mechanical drying. The
traditional natural drying method is easily affected by various factors such as climate and site. In recent years,
the sales of drying devices have increased year by year, so research on the precise adjustment of rice drying
devices is very necessary. In terms of drying technology research Jiang and Liu (2009) tested two drying
processes, low constant temperature drying and variable temperature drying, on a batch circulation rice dryer;
domestic scholar (Liu et al., 2023) studied the technology and performance of the rice variable temperature
homogeneous drying device; it was conducted experimental research on the variable temperature and quality -
preserving drying technology and control process of rice (Li, 2019); in terms of mixed flow investigation,
research by Ahri Ozkan (Fahri et al., 2006) and others has verified that the Venturi effect can significantly
increase the solubility of oxygen in water. Song Kangkang used the CFD method to analyze the solid-liquid
two-phase flow field of the SH20 mixed-discharge integrated device, and improved the design of the device
(Song et al., 2023). Therefore, a stable temperature changing device is an important prerequisite for ensuring
drying quality (Hang et al., 2014). The temperature-changing mechanical system of the dryer is mostly
separated from the cold air inlet and the hot air inlet. Cold and hot air fan blowers are used to work at the same
time to control temperature changes. There is room for improvement in both its energy consumption and real-
time temperature changing level.

MATERIALS AND METHODS

Self-priming hot air temperature changing device and its working principle

The self-priming hot air temperature changing device includes an air volume hot air inlet connected to
a heating fan blower, and a mixer outlet connected to a drying device. The main pipeline consists of an inlet
section, a constriction section and a diffusion section, as shown in Fig. 2. The fan blower is shown in Fig. 1.
The fan blower is a hot air supply device. The tail of the air inlet pipe is placed in the constriction section. The
hot air in the main pipe passes through the constriction section and creates a pressure difference with the
atmospheric pressure, causing the air to enter from the air inlet pipe and mix with the air in the main pipe for
cooling. When the temperature required for drying needs to be changed, the sliding plate of the variable
temperature adjustment device is driven by the drive motor and forms staggered openings with the fixed plate
to control the amount of air entering and thereby control the temperature.
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Fig. 1 - Variable temperature drying test bench Fig. 2 - Self-priming hot air temperature changing device
1. Elevator; 2. Dryer; 3. Temperature changing device; 1. Main pipe; 2. Fixed plate; 3. Drive motor; 4. Inlet pipe;
4. Heating fan blower; 5. Drive gear; 6. Sliding plate
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Design calculation of air inlet size

During the design and research of hot and cold air flow mixing devices, the principle of hot and cold
air ratio is that hot and cold air are mixed according to a certain ratio, and a new equilibrium state is reached
after mixed flow and heat transfer within a certain distance. The temperature changing device in this article
adopts negative pressure self-priming air inlet. The air flow mixing angle is analyzed as intersecting air flow
mixing. During the mixing process, the cold air enters the main pipe through the air inlet pipe. When the cold
air passes through the tail of the air inlet pipe, it is cold air due to its guiding role. When the spiral enters
through an oblique cut, entrainment is formed inside the airflow, the expansion angle increases, and the mixing
becomes more complete, thereby forming a uniform airflow, that is, uniform mixing can be achieved within a
short distance. The area of the near-air opening and closing section of the cold air is shown in Fig. 2:

Fig. 3 - Close air opening and closing section

a = 2rsinn

(1)
S~r2(0.017n — sinnV/1 — sin?n)

()

ris the radius of the intake pipe, [mm]; # is the sector angle, [°] ; a is the chord length, [mm] ;Bemoulli’s
equation for spiral flow is:

where:

Y p_ ly2_
y_1p+2V =C(n)

)

where:

y is the helix angle, [ °] ; p is pressure, [Pa] ; p is density, [kg/m®] ; V is the flow rate, [m/s] ;C(n) is a
constant ;
The amount of cold air proportioned through the intake pipe per unit time and the cross-sectional air

volume of the hot air in the constriction section of the main pipe are equal to the mixed cross-sectional air
volume. According to the above equations 1, 2, and 3, the expression is:

V37TR2 + st = anRZ
where:

4)

R is the radius of the necked section pipe, [mm]; V;is the flow velocity of the necked section pipeline,
[m/s]; V2 is the flow rate of cold air into the pipe, [m/s]; S is the cold air inlet area, [ m?]; Va is the wind speed
after mixing, [m/s];

In order to meet the requirements of drying air volume adjustment and to obtain the minimum hot air
temperature, it is assumed that the temperature fluctuation is £1°C, the hot air temperature is 40~70°C, and
the ambient temperature is 20. Determining the wind speed of the main duct by changing the wind speed and
then the pressure of the necked section has no effect on its indicators. Determine the structural parameters
according to the changes in the temperature of the main duct. The combined equations 1, 2, and 3 yield that
the opening area of the main duct is approximately no more than 0.0023 m?, combined with the size of the

main pipeline necking section, determine the circular section radius to be 16 mm, the number is 3 and they
are evenly distributed in the main pipeline necking section.
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Intake pipe design

The intake pipe is installed in the necked section of the main pipe. A circular hole is set 135 mm from
the beginning of the necked section. The tail of the intake pipe is placed in the circular hole and has a beveled
arc opening and a horseshoe shape. The tail of the intake pipe has both a radial angle a and an axial angle
of the incision with the intake pipe itself, as shown in Fig. 4.The tail of the inlet pipe in the necked section of
the main pipe is arranged in a spiral inside the pipe, so that when the cold air passes through the tail of the
inlet pipe, the cold air enters through a spiral bevel due to its guiding function, and the air flow is entrained
inside, and the expansion angle increases. At the same time, the hot gas in the main pipe also has a certain
spiral guide, and its mixing is more uniform, thereby forming a uniform mixed gas. And the tail of the intake
pipe faces the direction of the main pipe airflow, which prevents backflow.
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Fig. 4 - Intake pipe structure diagram

Design and optimization of adjusting plate

The air volume adjustment device consists of a fixed plate and a sliding plate. The fixed plate and the
sliding plate are respectively provided with circular holes in the center. An intemal ring gear is arranged on the
inner circumference of the sliding plate. The fixed plate and the sliding plate are evenly provided with holes
along their circumferences. The fixed plate is fixedly connected with the head of the air intake pipe. When the
temperature required for drying needs to be changed, the sliding plate of the air volume adjustment device is
driven by the motor and forms staggered openings with the fixed plate to control the amount of air entering
and thereby control the temperature.

Since the fixed plate and the sliding plate are installed closely, an annular slideway is provided on the
inner circumference of the opposite fixed plate, and an annular slide rail is provided on the inner end surface
of the sliding plate. The annular slideway and the annular slide rail fit together. The installation enables the
sliding disc to rotate on the surface of the fixed disc.

Since the design of friction on the slide rail is relatively complex, formula 5 for calculating the radial
toroidal friction moment is:

M= f:; M = 2umg (R, — R,?) (5)
S~3mr? (6)
Ry —R, >2r (7)

where: R; is the radius of the outer circular surface, [mm]; R: is the radius of the inner circular surface, [mm];
u is the friction coefficient of the sliding disk material; m is the mass of the sliding disk, [kg]; g is the gravity
acceleration, [m/s?); S is the cold air inlet Area, [m?]; r is the radius of the intake pipe, [mm];

Through formulas 5, 6, and 7, the equation is calculated: in order to ensure that the material of the
adjustment plate is unique, (polyamide) material was selected for 3D printing in the test, which is stable and
reliable while minimizing the distance between the inner and outer slideways as much as possible. The optimal
structure obtained is that the radius of the inner slideway R; is approximately 247.5 mm, and the radius of the
outer slideway R: is approximately 332.5 mm.
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NUMERICAL SIMULATION ANALYSIS

Build mathematical models

The solver in Fluent software is used to perform simulation calculations. The continuity equation in the
Cartesian coordinate system is Formula 8:

7 (pu) =0 (8)
The momentum equation is equation 9:
9 ] ou;  0uj ] 2 oy
s = [ (52 + 52) 00y =35 (0 + 30 5) ©)
The energy equation is equation 10:
a a 1 o ai
. L
o, (Puil) =5 “<E+PLn>a_xi] (10)

where:

p is density, [kg/mq]; u is velocity, [m/s]; p is pressure, [Pa]; i is effective viscosity; pe=p+u; p is
molecular viscosity; s is turbulent viscosity; i is specific enthalpy; Pr is molecular Prandtl Number; Pr=uCy/A;
Cy, is specific constant pressure heat capacity; A is thermal conductivity; turbulent Prandtl number Pr=gCpt/
A, A+ is eddy flow thermal conductivity; in the calculation process Pr:is usually set to 0.85;

Since the fluid domain model is relatively simple, the simple-C solver is selected for solution.
Commonly used turbulence models in Fluent include Standard, RNG, Realizable, etc. Considering the
existence of rotating uniform shear flow, Realizable's k-epsilon model is selected to simulate airflow mixing.
Turbulent viscosity is calculated as equation 11:

He = pC,= (11)
The Realizable k-epsilon turbulent kinetic energy transport equation is equation 12:

2 0 0 (g ) 2 e
2 ok) + = (ot = [ (1+ ) 2|+ 6o+ G = pe = Yo + ) (12)

The Realizable k-epsilon turbulent dissipation rate transport equation is equation 13:

a a u\ ok £? £
- (e + gj(ﬂsﬂj) = a—[(ﬂ + Z) a_x,] +pCiSe = pCorm = C1e 7 CacGp + Se (13)

a
Xj
where:

G is the generation of turbulent kinetic energy caused by the average velocity gradient; Gy is the
generation of turbulent kinetic energy caused by buoyancy; Y. is the effect of the pulsating expansion of
compressible turbulent flow on the total dissipation rate; Ci, C>, Cs3. are empirical constants; the default
values are C;~1.44, C>=1.92, C3,=0.09; or, o.are the Prandtl coefficients corresponding to turbulent kinetic
energy and turbulent kinetic energy dissipation rate respectively; fis thermal expansion Coefficient; M: is the
turbulent Mach number; a is the speed of sound, [m/s];

Setting of boundary conditions

Taking the self-priming hot air temperature changing device as the prototype, a simplified three-
dimensional model of the fluid domain was established and imported into ANSYS, and the fluid domain was
divided into volume meshes (Papkov et al., 2023). The hot air flow passes through the inlet section, constriction
section, and diffusion section in sequence. When passing through the constriction section, the pressure
difference between the constriction section and the atmospheric pressure causes the air to enter from the air
inlet pipe and mix with the main pipe air to achieve cooling. The mixed gas enters the dryer inlet duct through
the inlet section.

In order to make the simulation close to reality, this paper uses the steady-state flow field for simulation.
The two-phase flow medium is air, and SWF is selected as the wall function.
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The fluid domain model has an arc wall, so a curvature correction coefficient is added to improve the
authenticity of the model. During the simulation process, the inlet section port is set to the velocity inlet gas
flow rate of 5m/s and the temperature is set to 60°C. The inlet pipe port of the constriction section is set to the
pressure inlet. Its initial gauge pressure is set to 0 MPa and the temperature is set to 20°C. The diffusion
section port is set to the pressure outlet gauge, the pressure is set to OMPa, and the temperature is set to
20°C.

Numerical simulation analysis of necking section

When the mixed gas passes through the constriction section, the two components, which have low
pressure and fast flow rate, do not mix with each other. Therefore, the length of the constriction section is 135
mm at the beginning of the constriction section and its length is 60 mm for temperature monitoring (Gao et al.,
2018; Han et al., 2023; Kavga et al., 2023; Liu et al., 2023). 13 temperature monitoring points are evenly
selected in each section. Point 5 is shown in Fig. 5 for instantaneous monitoring, and the temperature of each
cross-section monitoring point is shown in Fig. 6.
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— Fig. 6 - Temperature point and line diagram of
Fig. 5 - Section monitoring selected points cross-section monitoring points

The length of the necking section is 60 mm at 135 mm from the beginning, and monitoring is performed
every 10 mm. The relationship between the monitoring sections (a, b, c, d, e, f) and temperature is shown in
Fig. 7. The results show that: From a to b, the gas is still in stratified flow. From b to f, the temperature tends
to be between 42°C and 58°C and gradually becomes stable. The temperature changes at each monitoring
point in the b to ¢ section are relatively large according to Gao and Jiang (2018). The temperature changes at
each monitoring point in section e ~ f are relatively small; the temperature changes around monitoring points
4 and 5, and between 13, 9 and 10 are particularly obvious. The cloud images of each section are shown in

Fig. 7.
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Experimental analysis of the impact of various factors on experimental indicators

When the number of intake pipes is determined to be 3, the diameter of the intake pipe is 32 mm, the
flow velocity of the main pipe is 5 m/s, the temperature difference between hot and cold air is 40°C and other
parameters are certain, the number of axial angles of the incisions at the end of the intake pipe is set to 15°,
30°, and 45°, thereby obtaining a graph of the temperature after mixing of hot and cold air, the uniform distance
of mixing, and the axial angle of the incision at the end of the intake pipe, as shown in Fig. 8.

It can be seen from the fig. that the axial angle of the incision has a significant impact on the uniform
mixing distance, but the influence on the temperature is not significant. When the axial angle of the incision is
set to 15°, the distance for uniform air flow mixing is 45 ~ 50 mm. When the axial angle is set to 30°, the
distance required for the airflow to be evenly mixed is 40 ~42 mm. When the axial angle of the incision is set
to 45°, the distance required for the airflow to be evenly mixed is 57 ~ 62 mm. When the axial angle of the
incision is 30°, the mixing distance is relatively short. When the axial angle of the incision is smaller, the
torsional force on the airflow is smaller, and the bevel angle of the cold air entering the hot air is smaller, and
the mixing distance is longer. When the axial angle of the incision is larger, the torsional force on the airflow is
greater, and the oblique angle at which the cold air enters the hot air is larger, causing the cold air to enter the
surface layer of the hot air in the main pipe, which is not conducive to the heat conduction of the gas, making
the mixing distance longer.

Under the condition that the number of air inlet pipes is 3, the pipe diameter is 32 mm, the axial angle
of the incision is 30°, the flow rate of the main pipe is 5 m/s and other parameters are certain, the temperature
difference between the hot and cold air is set to 20°C, 40°C, and 60°C respectively, thus obtaining the curve
of the temperature after mixing of hot and cold air and the mixing uniform distance and temperature difference,
as shown in Fig. 9. It can be seen from the fig. that the temperature difference has a significant impact on the
mixing temperature. When the temperature difference is set to 20°C, the temperature at which the airflow is
evenly mixed is 58 ~ 58.5°C. When the temperature difference is set at 40°C, the temperature at which the
airflow is evenly mixed is 56 ~ 57°C. When the temperature difference is set to 60°C, the temperature at which
the airflow is evenly mixed is 53 ~ 55°C. Therefore, as the temperature difference expands, the temperature
after mixing is lower, and the lower the temperature can be adjusted. The larger the range, the more accurate
real-time temperature variable mixing can be achieved.

When it is determined that the diameter of the air inlet pipe is 32 mm, the axial angle of the incision is
30°, the flow rate of the main pipe is 5 m/s, the number of air inlet pipes is 1, 3, 5, and other parameters as in
the test are certain, thus obtaining the curve diagram of the temperature after mixing of hot and cold air, the
uniform distance of mixing and the number of air intake pipes, as shown in Fig. 10.

It can be seen from the fig. that the number of air inlet pipes has a significant impact on the mixing
temperature and uniform mixing distance. When the number of air inlet pipes is set to 1, the temperature at
which the air flow is evenly mixed is 57 ~ 58°C. When the number of air inlet pipes is set to 5, the temperature
at which the air flow is evenly mixed is 58 ~ 59°C. Therefore, when the number of pipes is 1, the temperature
of the mixed air flow is the lowest, the adjustable range is the largest to meet greater temperature changing
needs. When the number of air inlet pipes is set to 1, the distance for uniform air flow mixing is 125 ~ 150 mm.
When the number of air inlet pipes is set to 3, the distance for uniform air flow mixing is 40 ~ 42 mm. When
the number of air inlet pipes is set to 5, the temperature for uniform air flow mixing is 35 ~ 37 mm, so as the
number of tubes increases, the distance for uniform airflow mixing becomes shorter.

After determining that the number of air inlet pipes is 3, the axial angle of the incision is 30°, the flow
rate of the main pipe is 5 m/s, and other parameters are certain, the diameter of the air inlet pipes is set to 22
mm, 32 mm, and 42 mm respectively, so as to obtain a mixture of hot and cold air. The curves of the
temperature after mixing, the mixing uniform distance and the diameter of the air inlet pipe are shown in Fig.
1.

It can be seen from the fig. that the diameter of the air inlet pipe has a significant impact on the mixing
temperature. When the pipe diameter is 22 mm, the temperature at which the airflow is evenly mixed is 57 ~
57.5°C. When the pipe diameter is 32 mm, the temperature at which the airflow is evenly mixed is 56 ~ 57°C.
When the pipe diameter is 42 mm, the temperature at which the air flow is evenly mixed is 55.5 ~ 56°C.
Therefore, as the pipe diameter expands, the temperature after mixing is lower, and the lower the temperature
can be adjusted. The larger it is, the more accurate real-time temperature-changing mixing can be achieved.
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Taking the number of air inlet pipes X1, the axial angle of the incision Xz, the temperature difference Xs
and the diameter of the air inlet pipe X4 of the variable temperature device as test factors, the uniform mixing
distance Y1 and the mixing temperature Y2 as optimization indicators, a quadratic orthogonal rotation of four
factors and five levels was used. Through the combined design test, the optimized structure of each working
component on the mixing device was determined, and the test factor range and level coding table were

compiled, as shown in Table 1.

Table 1
Factor Level Coding
Number of intake Incision axial Temperature Intake pipe
Coding pipes X1 angle X2 difference X3 diameter X4
[PCS] [°] [°C] [mm]

+2 5 60 50 42
+1 4 45 40 37
0 3 30 30 32
-1 2 15 20 27
-2 1 0 10 22
1 15 10 5

317



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

Table 2
Results of the trial data
Experimental factors Test indicators
Number of . . Temperature . Mixing Mixing
Coding intake pipes Incision axial difference I|.1take pipe uniform temperature
angle Xz diameter X4 .

X1 o X3 distance Y1 Y2

[PCS] [’ [°C] [mm] [mm] [°C]

1 -1 -1 -1 -1 54.72 58.25
2 1 -1 -1 -1 47.23 56.44
3 -1 1 -1 -1 57.46 55.58
4 1 1 -1 -1 57.71 56.09
5 -1 -1 1 -1 48.71 58.82
6 1 -1 1 -1 34.32 53.37
7 -1 1 1 -1 58.78 56.48
8 1 1 1 -1 46.31 53.73
9 -1 -1 -1 1 46.27 58.41
10 1 -1 -1 1 41.22 57.62

11 -1 1 -1 1 47.04 57.2
12 1 1 -1 1 44.02 57.96
13 -1 -1 1 1 48.77 56.31
14 1 -1 1 1 36.87 52.59
15 -1 1 1 1 47.85 56.28
16 1 1 1 1 39.99 55.2
17 -2 0 0 0 57.34 56.38
18 2 0 0 0 41.89 53.44
19 0 -2 0 0 38.18 57.78
20 0 2 0 0 55.26 55.3
21 0 0 -2 0 50.06 58.87
22 0 0 2 0 43.03 56.7
23 0 0 0 -2 51.33 56.54
24 0 0 0 2 37.41 58.76
25 0 0 0 0 55.71 50.28
26 0 0 0 0 52.97 51.45
27 0 0 0 0 52.97 51.45
28 0 0 0 0 53.25 51.36
29 0 0 0 0 51.61 52.04
30 0 0 0 0 5251 52.09

As shown in Table 2, the model of mixed uniform distance P<0.01 indicates that the model is
statistically significant, and the test result of the lack of fit item is P=0.2635>0.05, which is an insignificant item,
indicating that the fit of the regression equation is good and has practical significance. The uniform mixing
temperature model P<0.01 indicates that the model is statistically significant, and the test result of the lack of
fititem is P=0.5052>0.05, which is an insignificant item, indicating that the regression equation has good fitting
properties and has practical significance. After eliminating non-influencing factors, the regression equations of
uniform mixing distance and uniform mixing temperature are obtained, which are divided into equation s 14 and 15:

Y, = 53.16 — 3.98X; + 3.16xX, — 2.01X5 — 3.37X, + 0.99X, X, — 1.99X, X5 + 0.42X,x, + 0.50X,X5 — 1.88X,X, +
1.50X,X, — 0.80X,2 — 1.53X,% — 1.57X,% — 2.11X,? (14)
Y, = 51.45 — 0.84X; — 0.34X, — 0.80X; + 0.30X, + 0.58X,X, — 0.73X, X5 + 0.39X, X, + 0.28X,X; + 0.42X,X, —

0.43X3X, — 0.79X,% + 1.20X,% + 1.51X5% + 1.48X,2 (15)

The response surface of the interaction between the number of inlet pipes and the axial angle of the

incisions on the uniform mixing distance can be seen from Fig. 12a. When the number of inlet pipes remains

unchanged, as the axial angle of the incisions increases, the uniform mixing distance first increases and then

there is a decreasing trend; when the axial angle of the incision remains unchanged, the number of air inlet

pipes increases, the uniform mixing distance shows a decreasing trend, the overall trend changes are more
obvious and the range of change is smaller, and the overall trend becomes stable.
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The response surface of the interaction between the number of air inlet pipes and the temperature
difference on the uniform mixing distance can be seen from Fig. 12b: when the number of air inlet pipes remains
unchanged, as the temperature difference increases, the uniform mixing distance first increases and then
decreases; When the temperature difference remains unchanged, as the number of air inlet pipes increases,
the uniform mixing distance first increases and then decreases. The overall trend changes relatively smoothly
and has a small range of change.

The response surface of the interaction between the axial angle of the incision and the diameter of the
inlet pipe on the uniform mixing distance can be seen from Fig. 12c: when the axial angle of the incision
remains unchanged, as the diameter of the inlet pipe increases, the uniform distance of mixing decreases.
Small trend: when the diameter of the inlet pipe remains unchanged, as the axial angle of the incision increases,
the uniform mixing distance first increases and then decreases. The overall trend changes are more obvious
and the range of changes is larger.

The response surface of the interaction between the temperature difference and the diameter of the
air inlet pipe on the uniform mixing distance can be seen from Fig. 12d: when the diameter of the air inlet pipe
remains unchanged, as the temperature difference increases, the uniform mixing distance shows a decreasing
trend; when the temperature difference is constant, with the increase of the diameter of the inlet pipe, the
mixing uniform distance increases first and then decreases, and the overall trend changes more obviously and
the change range is larger.

The response surface of the interaction between the number of air inlet pipes and the axial angle of
the incision on the mixing temperature can be seen from Fig. 12e: It can be seen from the fig. that when the
number of air inlet pipes remains unchanged, as the axial angle of the incision increases, the mixing
temperature increases first, the trend decreases and then increases; when the axial angle of the incision
remains unchanged, the number of intake pipes increases, and the mixing temperature first decreases and
then increases. The overall trend changes are more obvious and the range of changes is smaller, and the
overall trend is stable.

The response surface of the interaction between the number of air inlet pipes and the temperature
difference on the mixing temperature can be seen from Fig. 12f: when the number of air inlet pipes remains
unchanged, as the temperature difference increases, the mixing temperature first decreases and then
increases. When the temperature difference remains unchanged, as the number of air inlet pipes increases,
the mixing temperature first decreases and then increases. The overall trend changes relatively smoothly and
has a small range of change.

The response surface of the interaction between the axial angle of the incision and the diameter of the
tube on the mixing temperature can be seen from Fig. 12g: when the axial angle of the incision remains
unchanged, as the diameter of the inlet tube increases, the mixing temperature first decreases, then increases;
when the diameter of the inlet pipe remains unchanged, as the axial angle of the incision increases, the mixing
temperature shows a trend of increasing first. The overall trend changes are more obvious and the range of
changes is larger.

The response surface of the interaction between temperature difference and pipe diameter on the
mixing temperature can be seen from Fig.12h: when the diameter of the inlet pipe remains unchanged, as the
temperature difference increases, the mixing temperature shows a decreasing trend; when the temperature
difference is constant, with the increase of the diameter of the inlet pipe, the mixing temperature increases first
and then decreases, and the overall trend changes more obviously and the change range is larger.
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Fig. 12 - The impact of interactive factors on test indicators

Test equipment and methods

The equipment required for the test bench includes (Keshun Measurement and Control) temperature
and humidity transmitter, (Jianda Nishina) wind speed sensor, tape measure and other test devices. The test
location was conducted in the Intelligent Drying Laboratory of Heilongjiang Bayi Agricultural University. The
temperature variable device was connected to the fan blower and drying device as shown in Fig.13. Before
the test, three (Keshun Measurement and Control) temperature and humidity transmitters are evenly installed
at the fan blower pipe outlet. When the temperature is stable, the average temperature of the three points is

taken. Set up 3 (Jianda Nishina) wind speed sensors evenly. When the wind speed is stable, take the average

of 3 wind speeds. The average temperature of the experimental environment is about 10°C. Monitoring is

performed every 10 mm after the air inlet duct, a total of 10 times, with a total length of 100 mm. Select 5 points
evenly in each section, repeat 5 times, and process the data collected each time.
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Fig. 13 - Variable temperature drying test bench

Test data optimization and verification

Using Design-Expert 8.0.6 software to optimize, select three sets of optimization data and take the
average value to obtain the post-mixing temperature of 50.93 when the number of air intake pipes is 3.16, the
axial angle of the incision is 27.6°, the temperature difference is 43.5°C, and the diameter of the intake pipe is
23.8 mm, the mixing uniform distance is 39.33 mm. During the experimental verification process, the number
of air inlet pipes was selected to be 3, the axial angle of the incision was 27°, the temperature difference was
45°C, the diameter of the air inlet pipe was 24 mm, and monitoring was performed every 15 mm after the air
inlet pipe. Repeat the test 5 times to take the average, the result is that the temperature after mixing is 51.24°C,
and the uniform mixing distance is 38.94 mm. A system of objective equations and constraint equations:

minY;
minY,
1<X; <5
0° < X, <60°
10°C < X3 < 50°C (16)
22mm < X, < 42mm

0<Y;(X1,X5,X3,X,) <1
0<Y(X1, X5, X3,X4) <1

Relative error:

§ =% 100% (17)
where:
A absolute error; L truth value.
Table 3
Optimization and test results
. Mixing temperature Uniform mixing distance
Project

[°C] [mm]

Optimization Results 50.93 39.33

Actual results 51.24 38.94

Relative error [%)] 6.04 9.76

It can be seen from Table 3 that there is not much difference between the optimized value and the
experimental value, and all indicators are at a relatively good level.
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CONCLUSIONS

Using the principle of theoretical mechanics friction torque to analyze the friction of the slide rail in the
air volume adjustment device, the results show that while ensuring that the material is unique, stable and
reliable, the distance between the inner and outer slides should be minimized as much as possible to obtain
the optimal. The structure has an inner slide radius R1 of approximately 247.5 mm, and an outer slide radius
R2 of approximately 332.5 mm. Using Bemoulli's principle of fluid dynamics and the basic theory of airflow
mixing to combine mathematical equations, the results show that the pipe opening area is approximately no
more than 0.0023 m?. Combined with the size of the main pipe necking section, the circular cross-section
radius is determined to be 16 mm.

Fluent was used to numerically simulate the distribution of uniform mixing distance and temperature
field in the necking section. Taking the uniform mixing distance and uniform mixing temperature as test
indicators, the number of intake pipes, the axial angle of the incision, the temperature difference and the
diameter of the intake pipe were initially selected as the test indicators. A single-factor simulation performance
test analysis was conducted based on Fluent software. The results showed that: the mixing was uniform in the
necking section. The degree reaches 75 ~ 80%, and the above factors have a relatively obvious impact on the
test indicators.

A test bench was built to conduct a four-factor and five-level quadratic regression orthogonal rotation
combined test on the number of intake pipes, incision axial angle, temperature difference and intake pipe
diameter. Design-Expert.V8.0.6.1 software was used to optimize the analysis and test indicators. The uniform
mixing distance and mixing temperature both meet the requirements of the technical specifications for drying
machinery quality evaluation indicators, and the uniform mixing distance is 39.33 mm and the mixing
temperature is 50.93°C. The actual data is that the uniform mixing distance is 38.94 mm and the mixing
temperature is 51.24°C. The relative errors are respectively are 9.76% and 6.04%, the error between the
optimized value and the experimental value is small, and all indicators are at a relatively good level.

ACKNOWLEDGEMENT
This project is supported by the Natural Science Foundation of Heilongjiang Province (LH2022E098).

REFERENCES

[1] Chen, Y.J. (2020). Analysis of my country's food security situation (F E & & € ¥ # o 7).
Comprehensive agricultural development in China. Vol.11, pp. 11-14. Beijing/China.

[2] Fahri, O., Mualla, O. Ahmet, B. (2006). Experimental investigations of air and liquid injection by venturi
tubes. Water and Environment Journal. Vol.20(3), pp. 114-122. United States.

[8] Gao, L.J., Jiang X.X. (2018). Analysis of flow field in water chamber of a certain condenser (F %538 7K
=7 47). Mechanical Engineers. Vol.04, pp. 105-107. Heilongjing/China.

[4] Han, M.L., Zhou.D.K., Chen, X. (2023). Aerodynamic calculation of aircraft extemal flow field based on
FLUENT (&7 FLUENT B¢ f7889MR 35503 E). China high-tech. Vol. (14). pp. 111-112. Beijing/China.

[5] Hang, Y. (2014). Application of grain drying mechanization technology (&4 T &¥ ML AKN FB).
Agricultural technology and equipment. Vol.01, pp. 42-43. Liaoning/China.

[6] Jiang, F., Hang R. (2022). Analysis of fluid flow characteristics in reducing pipes based on FLUENT (&
F FLUENT I R EE SR RERZE M2 47). Welded pipe. Vol.45(11), pp. 27-30+38. Shanxi/China.

[7] Jiang, S.J., Liu.Q.J. (2009). Research on variable temperature drying technology of rice (f&84& ;8 T1&
TEZ#5). Grain and feed industry. Vol.02, pp.10-12. Wuhan/China.

[8] Kavga, A., Thomopoulos, V., Pischinas, E., Tsipianitis. D., Nikolakop P. (2023). Design and simulation
of a greenhouse in a computational environment (ANSYS/FLUENT) and an automatic control system in
a LABVIEW environment. Simulation Modelling Practice and Theory. pp. 129. Netherlands.

[9] Li, H. (2019). Design and implementation of improved Venturi fertilizer mixer (3 8 > r R RS A& 1T S
SLEL). Hebei Agricultural University. Hebei/China.

[10] Li, H.I. (2019). Experimental research on temperature-variable and quality-preserving drying technology
and control process of rice (KBELTERFRETEIZ REHEZEMNIXEN ). Heilongjiang Bayi Agricultural
University. Heilongjing/China.

322



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

[11]

[12]

[13]

[14]

[15]

Liu, C.S., Chen, S.Y.,, Xiao, S.W., Ma, L.X., Zhang Y., Chen, S. (2023). Technology research and
performance verification of rice variable temperature homogeneous drying device (B LB RETIEE
BT 2RSS MEEWIE). Journal of Agricultural Machinery. pp. 366-372. Beijing/China.

Liu, X.H., Xiang Z.L., Tan P, Chen W., Feng J.Y. (2023). Analysis and optimization of internal flow field
of heat dissipation system expansion structure based on Fluent (£7F Fluent S5V R Z I R S A ED
T EAAL). Journal of Jilin University (Engineering Edition). Vol.1-14. pp.10-11. Jilin/China.
Ozkan, F., Ozturk, M., Baylar, A. (2006). Experimental investigations of air and liquid injection by venturi
tubes. Water and Environment Journal. Vol.20(3). pp. 114-122. England.

Song, K.K,, Li, M.Q., Hang, T.C., Song, D.S. (2023). Analysis of solid-liquid mixing performance of
integrated mixing and discharge device based on CFD (&F CFD KB HI— L E EE R R S e 7).
Petroleum machinery. Vol.51(01), pp. 101-139. Hubei/China.

Papkov, V., Shadymov, N., Pashchenko, D. (2023). CFD-modeling of fluid flow in Ansys Fluent using
Python-based code for automation of repeating calculations. International Journal of Modern Physics C.
Vol.34(9). Singapore.

323



