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Abstract

Jujube is an important economic crop, and jujube harvesting is a crucial stage in the jujube industry.
Due to the high fruit drop rate of jujubes, traditional pneumatic harvesting methods, when dealing with fallen
jujubes, increase the air flow rate to enhance picking up efficiency, but this often leads to a significant in-
crease in jujube damage rates. In response to this issue, this study introduces a magnetic fluid flow control
method. Through theoretical analysis, numerical simulations, and experimental validation, the study analyzes
the effects of flow field, electric field, and magnetic field parameters on the movement characteristics of
pneumatically harvested jujubes. This research provides a theoretical basis for the development of equipment
for low-damage and high-efficiency jujube harvesting. The main research content and conclusions are as
follows:

(1) Measurement of jujube material characteristics and analysis of motion characteristics. The material
characteristics of jujubes form the basis for device design and simulation modeling. Actual measurements
are taken to obtain parameters such as jujube shape dimensions, mass, density, suspension velocity, etc. These
measurements provide data support for subsequent research. Building upon the theory of magnetic fluid flow
control and Newton's laws of motion, the study describes the movement process of pneumatically harvested
jujubes under magnetic fluid flow control. Jujube motion equations are established, including mechanical
equations, velocity equations, acceleration equations, and displacement equations, offering theoretical sup-
port for the research.

(2) Simulation and experimental device design for pneumatic jujube harvesting. Using the Fluent-Rocky
combined simulation platform, a multi-physics field coupling model and a discrete element model for jujubes
were separately constructed to study the motion characteristics of jujubes. The independent variables in-
cluded flow rate, electric potential, and magnetic induction intensity, while the dependent variables were
particle average maximum instantaneous velocity and airflow average maximum drag force. A three-factor
three-level orthogonal experiment was designed to obtain flow field and particle data under different param-
eter combinations. The simulation experimental results were subjected to visual analysis, optimization selec-
tion, and three-factor variance analysis. The results indicated that flow rate, electric potential, and magnetic
induction intensity significantly influenced both particle average maximum instantaneous velocity and air-
flow average maximum drag force. Moreover, there was a positive correlation between particle velocity and
airflow drag force with flow rate, electric potential, and magnetic induction intensity. Finally, based on the
simulation experimental results, the device was optimized, and the experimental setup structure was deter-

mined to align with the findings.



(3) Experimental study on the movement law of jujube based on magnetic fluid flow control. The test
device was built according to the Design scheme, and DESIGN-Expert 13 was used for test design and anal-
ysis. Firstly, the influence of experimental factors on particle trajectory and particle velocity v is analyzed.
The test results show that particle velocity v is positively correlated with flow rate Q, electric potential U and
magnetic induction intensity B, and the order of significant influence is flow rate Q, magnetic induction
intensity B and electric potential U. Under the same flow condition, the larger the electric potential and mag-
netic induction intensity, the higher the initial position y value of the particle in the shooting section, and the
farther away the first collision x position with the bottom of the test section. Secondly, the effects of experi-
mental factors on picking up efficiency S and breakage rate D are analyzed. The test results show that: picking
up efficiency S is positively correlated with flow rate Q, electric potential U and magnetic induction intensity
B. Flow rate Q has the most significant effect on picking up efficiency S, followed by electric potential U
and magnetic induction intensity B. The damage rate D is positively correlated with the flow rate Q and the
magnetic induction intensity B, the potential U increases, the damage increases first and then decreases, and
the order of significance is the flow rate Q, the potential U, and the magnetic induction intensity B. Finally,
the optimal parameters were confirmed as U = 85 kV and B = 0.2 T, and the harvest performance was veri-
fied. The results showed that when the flow rate was 3.5 m %, 4.5 m3, and 5 m3 respectively, compared
with no electric and magnetic fields, when U = 85 kV and B = 0.2 T, the harvest performance was improved.
The picking up efficiency was increased by 38.97%, 31.94% and 23.42%, while the damage rate was only
increased by 0.84%, 0.74% and 1.03%, all of which were less than 5%, which could effectively improve the

picking up efficiency while ensuring the damage rate.
Key words: Air suction jujube; Magnetic flow control; Law of motion; Picking up efficiency; Breakage rate
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Fig.1-2 Main varieties of jujube planted in Xinjiang
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