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Design and Experimental Investigation of Novel Air — Liquid Two-phase
Nozzle with Independently Controlled Air-to-Liquid Ratio

Chen Liping'®  Yu Chenbin'® Zhang Ruirui’ Li Longlong® Hu Peng’ Liu Quanfu’
(1. School of Mechanical Engineering, Guangxi University, Nanning 530004, China
2. Intelligent Equipment Research Center, Beijing Academy of Agriculiure and Forestry Sciences, Beijing 100097, China)

Abstract; Air induction nozzles introduce air through the Venturi effect and generate air — liquid two-
phase sprays, thereby altering droplet size distribution during agricultural applications. The air-to-liquid
mass ratio (ALR) is a key parameter governing atomization characteristic; however, in conventional air
induction nozzles, ALR is strongly coupled with structural parameters and cannot be independently
controlled. To investigate the specific role of ALR in spray atomization, an ALR-adjustable air — liquid
two-phase nozzle was developed by modifying the air supply mode while maintaining the original liquid
flow structure. Droplet size distribution and volume median diameter ( VMD ) under different ALR
conditions were measured by using a laser particle size analyzer. The results indicated that atomization
characteristics exhibited distinct stage-dependent variations with increasing ALR. When ALR was below
0.005, VMD increased with ALR; when ALR ranged from 0. 005 to 0. 01, VMD decreased sharply; and
when ALR exceeded 0.01, the decreasing rate of VMD slowed and gradually stabilized. Based on
experimental data for ALR > 0.005, a correlation model between VMD and ALR was established, with
coefficients of determination ( R*) no less than 0.91, demonstrating strong agreement with measured
data. Furthermore, variations in ALR significantly influenced the cumulative volume fraction of droplets
less than 150 pm, which was closely related to spray drift potential. These findings can provide
theoretical support for understanding the atomization behavior of air — liquid two-phase nozzles and offer
guidance for the design and optimization of spray systems in agricultural applications.

Key words; air — liquid two-phase flow; air-to-liquid mass ratio; air induction nozzle; atomization
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Fig.3 Effect of ALR on liquid mass flow rate under different spray pressures
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Fig.4 Effect of ALR on VMD under different spray pressures
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Fig.7 Exponential decay fitting between ALR and VMD under different spray pressures
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Tab.2 Exponential decay model parameters and R

for three nozzles under different spray pressures

g D oum B

MPa

0.1 281.27 -76.07 81.111 0.91

. 0.2 232.76 -197.46 154.75 0.96

AIXRT1002 0.3 118. 88 -115.11 128.93 0.99

0.4 122. 85 -139.91 115.54 0.99

0.1 637.76 -79.40 181.76  0.95

. 0.2 429.43 -233.03 218.52 0.99

AIXRI1003 0.3 490. 40 -289.80 193.26 0.97

0.4 472.78 -310.15 176.95 0.99

0.1 426. 18 -125.99 141.12 0.98

) 0.2 279. 87 -195.4 153.77 0.99

AIXR11004 0.3 211.79 -202.85 146.87 0.98

0.4 167. 34 -185.72 133.21 0.95
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Fig.8 Liquid film morphology and droplet size distribution characteristics under different ALR at a spray pressure of 0. 3 MPa
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