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Abstract

Objective: Fertilization equipment is a critical component of water-fertilizer integration equipment, and its
quality directly influences the performance of the system. In recent years, jet fertilizer injectors have been
widely adopted in water-fertilizer integration equipment. The working principle of jet fertilizer injector
relying on cross-section contraction to produce negative pressure will produce local energy loss, which
limits the improvement of fertilizer injection performance. Optimizing structural parameters and
configurations is an effective approach to enhance the fertilizer injection performance of jet fertilizer
injectors. However, the influence laws and underlying mechanisms of multiple key structural parameters on
the fertilizer injection performance remain unclear. Therefore, aiming to achieve high fertilizer injection
efficiency and fertilizer injection flow rate, this study optimizes the structural parameters of the jet fertilizer
injector and introduces spiral flow to optimize its internal energy distribution. This study contributes to
enhancing the fertilizer injection performance and promoting the development of novel jet fertilizer

injectors.

Methods: In this thesis, the jet fertilizer injector is investigated through a combined approach of physical
experiments and numerical simulations. The influences of nozzle diameter, throat pipe diameter, diffusion
angle, and throat pipe length on the fertilizer injection performance are analyzed. Based on the results of
single-factor experiments and numerical simulation contours, to determine the optimal combination of
structural parameters. On this basis, a structural optimization strategy is proposed, involving the addition of
guide vanes within the contraction section to reduce the pressure at the nozzle outlet via the swirling effect,
resulting in the design of the novel jet fertilizer injector. This study investigates the effects of guide vane
structural parameters on fertilizer injection performance, identifies the optimal parameter combination, and

clarifies the performance advantages of the novel fertilizer injector through verification tests.

Results: (1) Under identical operating conditions, the fertilizer injection flow and fertilizer injection
efficiency of the jet fertilizer injector show a trend of first increasing and then decreasing as the nozzle
diameter, throat pipe diameter, and throat pipe length increase. In contrast, both the fertilizer injection flow
and efficiency decrease gradually as the diffusion angle increases. The results of the single-factor
experiment indicate that the optimal combination of structural parameters for the jet fertilizer injector was
determined as follows: a nozzle diameter of 4 mm, a throat diameter of 7 mm, a diffusion angle of 8°, and a
throat length of 32 mm; Compared with the basic jet fertilizer injector, the fertilizer injection rate and
fertilizer injection efficiency of the optimized jet fertilizer injector are increased by 12.48%—49.89% and
8.91%-48.75%, respectively. (2) For the novel jet fertilizer injector, the optimal guide vane structure was
identified as a triangular vane with its maximum height located at 1/3 of the distance from the inlet of the
contraction section. The optimal parameters for guide vanes were determined as follows: a maximum blade
height of 2 mm, a blade count of 3, and a blade rotation angle of 30°. The fertilizer injection efficiency of
the novel jet fertilizer injector is significantly influenced by the number, the maximum height, and rotation

angle of the guide vanes (p < 0.05), the interaction term between the maximum height and rotation angle of



the guide vanes exhibits a highly significant effect on the fertilizer injection efficiency (p < 0.01). (3) Under
identical experimental conditions, the novel jet fertilizer injector demonstrated significant improvements
compared to both the basic jet fertilizer injector and the structurally optimized jet fertilizer injector. The
fertilizer injection flow rate increased by 18.01%~229.73% and 5.03%~59.12%, respectively, while the
fertilizer injection efficiency increased by 29.83%~189.06% and 9.36%~56.34%, respectively.

Conclusion: Reducing the diffusion angle of the jet fertilizer injector was found to decrease the vortex area
within the diffusion section, which is conducive to enhancing fertilizer injection performance. In the novel
jet fertilizer injector, the guide vanes within the contraction section impart a tangential velocity component
to the water flow, generating a high-speed swirling jet at the nozzle. The increase in fertilizer injection flow
rate is attributed to the intensified negative pressure zone at the jet center and the interaction between the
water and fertilizer liquid at the boundary of the swirling jet. It shows that the novel jet fertilizer injector
has better fertilizer injection performance than the basic jet fertilizer injector which relies on axial velocity

to produce negative pressure.

Key words: Jet fertilizer injector; Fertilizer injection performance; Structural optimization; Water-fertilizer

integration; Numerical simulation
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