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Atomization Performance Test and Influence Factors of
Aviation Special Centrifugal Nozzle

YANG Fengbo XUE Xinyu CAI Chen ZHOU Qingqing SUN Zhu
( Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract; Aiming at the unclear relationship between spray parameters of nozzle and atomization
parameters in the aviation spray mode, and considering the urgent need of precision aerosol spray, spray
performance test and agent mathematical model modeling method were combined to discuss the influence
of main working parameters on atomized particle size and spray width for the CN1215 special aviation
centrifugal nozzle. The operating parameters of the liquid supply system corresponding to the spray
parameters of the centrifugal nozzle were calibrated, and then the variation laws of droplet size and spray
width under the influence of the working parameters ( flow rate range was 100 ~ 350 mL/min, nozzle
rotating speed was 8 000 ~ 10 000 r/min) were also analyzed in an indoor windless environment.
Secondly, taking the spray parameters of the nozzle (nozzle flow, nozzle speed) as the test factor, and
taking the droplet diameter ( Dv50) and the spray width corresponding to droplet diameter ( Dv50) as
response factor, three kinds of mathematical methods, including fourth-order response surface method
(RSM), Kriging method and ellipsoidal basis function neural network ( EBFNN ), were used to
approximate the relationship between experimental factors and response factors respectively. The agent
mathematical models between the nozzle atomization parameters ( Dv50, and corresponding spray width)
and nozzle operating parameters ( nozzle flow, nozzle speed) were established. The decisive coefficients
R’ of the three agent models for the particle size Dv50 were 0. 705, 0. 718 and 0. 925, and the decisive
coefficients R of the three agent models for the Dv50 corresponding spray width were 0. 819, 0. 890 and
0. 930, respectively. Based on the EBFNN implicit proxy mathematical model, the response surface of

two atomization parameters was established, the rapid prediction of droplet Dv50 and spray width under
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the influence of working parameters was achieved. Based on the EBFNN implicit proxy mathematical

model, the response surfaces of two atomization parameters were established, which realized the rapid

prediction of droplet Dv50 and spray amplitude under the influence of spray parameters. It was of great

significance for accelerating the development of aviation precision pesticide application.

Key words: aviation spray; centrifugal nozzle ; atomization performance; ellipsoidal basis function neural

network
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Fig.1 CNI1215 aviation special centrifugal nozzle
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Tab.1 Spray system parameter calibration

L ARG, BRI, B A
=2

M5 Sk At

B

(mL-min~") (remin~") (r-min~") £ /V
1 100 8 000 110 10. 1
2 100 9 000 110 11.9
3 100 10 000 110 13.0
4 150 8 000 170 10.5
5 150 9 000 170 12.0
6 150 10 000 170 13.2
7 200 8 000 235 11.0
8 200 9 000 235 12. 4
9 200 10 000 235 13.7
10 250 8 000 295 11.3
11 250 9 000 295 12.6
12 250 10 000 295 14.2
13 300 8 000 360 11.7
14 300 9 000 360 13.2
15 300 10 000 360 15.0
16 350 8 000 410 12.0
17 350 9 000 410 13.4
18 350 10 000 410 16.0
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Fig.4 Droplet size measurement scheme
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Fig.5 Corresponding spray amplitude test scheme
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Tab.2 Test results of spray parameters for centrifugal

sprinklers
I T VR T
&% GHIORR/ R R
(remin~") DV50/pm cm
(mL-min ")
1 100 8 000 117 39.618
2 100 9 000 109 41. 850
3 100 10 000 105 40.920
4 150 8 000 133 39.525
5 150 9 000 121 41. 106
6 150 10 000 113 39.990
7 200 8 000 130 43.803
8 200 9 000 118 44.733
9 200 10 000 111 43.245
10 250 8 000 128 44.268
11 250 9 000 122 44. 640
12 250 10 000 117 42.966
13 300 8 000 129 46.314
14 300 9 000 120 48. 546
15 300 10 000 112 48.174
16 350 8 000 123 49.755
17 350 9 000 118 50. 127
18 350 10 000 115 48. 825
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Tab.3 Accuracy comparison of three agent models

for particle size
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EBFNN 0.06206  0.1253  0.07276 0. 925
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Tab.4 Accuracy comparison of three agent

models for spray width
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EBFNN 0.07320  0.14652  0.086 13 0. 930
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Fig.6 Agent mathematical model of droplet volume diameter ( Dv50)
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Fig.7 Effect of nozzle flow rate and rotation speed on particle size of droplet



102 P IR A 4 20194
52- 52 52
sol R=0.819 o ® sol R=0.890 P sl R=0.930 ° °
e e o
48] e 9 48l L 48l 4
£ 46k e £ 4ol S e £ 46l o
= m p o
&gt o’ e ® vy D Ly ?
X ° & oo & > e
42F o P2 e 42F e
e ] L e 9
OF oo 0F 9 40F o8
38 40 42 44 46 48 50 52 38 40 42 44 46 48 S0 52 38 40 42 44 46 48 50 32
TN E/cm T B/ cm T /cm
(a) PHBTRSMAR Y (b) Krigingféi7tl (c) EBFNNHT#S

B8 X 1 Mg e (DS 0) fy 412 40 A2 7
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