201846 f Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5549 % 55 6 1

doi:10.6041/j. issn. 1000-1298.2018. 06. 005

REXEBEZN KB EKL X E g B ERY SR

AR K R OBEHF e4kFE KB Ok W &

(R FR g 2R FE Py, B st 210014)

FEE B0 A R B 2Tk R P AR A 55 (Y IRD R, 45 G 5 0 R I el R B B, B9 T — R R B el i i
ik A 2UmE Sk 1Y R B S B0t R PR RE B B2 e ML . 1 58, SR R W T3 N — S(Navier — Stokes ) 7 B RNG
(Renormalization group) k— & Jit i B AL, 7. T 1% BTk A I S TH AT EY , T XU M 300 7B B A st 5
AIEE R R, A B TR L T A Sk i XU MR A5 R R WD 7E #E 1 S 0E K 105 600 Pa #i 105 200 Pa
B, A S SR Sk S 2 K R BB Sk X B R 1. 36 £, S TR RIS B (WS B M AR K YK B
JRE ) R AR LT 4R Sk RT3 RE B S W, DAKR{E 3135 . Opt LHD (Optimal latin hypercube design) 1 % $2 i1 42 [6] ik 2R £X
1 2 % 4% (Radial basis function neural network ,RBFNN) Sy 3l it Jefily , #: 7 XUy ML e S Bony FOBRAERY | 10 3 I &
- 35 KU A FRAR Y R 4350k 0. 983 54..0. 987 28, 32 W %A MY w] 5 Sk KAy VERE TN, 45 5 2 MRl i L 3K
T X5 3k Ry P Re S 50032 ) R F- 64T T 40 B B B AR AR AL, BB B oK B e B W SIOB P A K B B
K, E - R 2T R A TR 25 BT TR AR a3 3 ok B B 8B 9 46 K TR
{69 1. 08.5. 39 mm W, i X & 35 B d5e KB 0.017 9 ke/s5 10 I AE 23 51 B 0.0 mm I, >R i - 24 XU 35 B d K (H
67.9 m/s, EtXF A U ik i V-39 KUGHAH B P JE R AL, 36 4T T 2 HARR AL 15 3] T W P e S 4R AL Pareto fR A,
Bk 55 5L E] A PR AL DS e TR T 2%

KEWR: REREBE L R mE ks KO PEae; BUEs; Km

RESEE . $491; V211 XHkFRIAD: A XEHS: 1000-1298(2018)06-0038-10

Numerical Simulation and Test of Wind Performance of
Gas Spray Nozzle for Orchard Air-assisted Sprayer

YANG Fengbo ZHANG Ling XUE Xinyu JIN Yongkui CHEN Chen SUN Tao
( Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract; Aiming at the problem of weak wind power performance of straight gas-assisted nozzle, the
effects of nozzle tail parameters on the flow wind power performance of new “tail first contraction and then
expansion” pneumatic nozzle were studied with the combination of single point wind speed test and
numerical simulation. The three dimensional numerical model was established for the pneumatic nozzle
based on the Reynolds averaged N —S equation and realizable turbulence model, and the correctness and
validity of computational fluid dynamics ( CFD) model were also verified by the wind speed test.
Secondly, the wind performance of two types of nozzles was compared by numerical calculation. The
results showed that outlet average wind speed was 1.36 times of the straight nozzle when the total inlet
pressure was 105 600 Pa and the static pressure was 105 200 Pa. In order to study the effect of the tail
parameters (the retract length of the convergent section and the height of the expansion section) on the
wind performance of new type nozzle, the agent mathematical models were established by the optimal
Latin hypercube design and radial basis function neural network ( RBFNN) , thus greatly facilitating the
automatic modeling and compensating for the large amount of calculation for CFD. The R’-variance of
outlet flow and outlet average wind speed were 0.983 54 and 0.987 28, respectively, the agent

mathematical model could be used for performance prediction and guiding the scientific configuration of
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structure parameters. The intelligent decision and optimization research of the influence factors were

researched based on agent mathematical model. With the increase of the height of expansion and increase

of retract length, the average wind speed at the outlet end showed a downward trend, while the flow rate

showed a trend of first increase and then decrease. The air flow reached the maximum value of 0.017 9 kg/s

when the height of the expansion section was 1. 08 mm and the retract length of contraction in convergent

section was 5.39 mm; the average wind speed reached the maximum value of 67. 9 m/s when the height

of the expansion section was 0 mm and the retract length of contraction in convergent section was 0 mm.

Multi-objective optimization was made, the optimal Pareto set solution of the wind performance parameters

were obtained, which provided a diversified reference for optimization match design of pneumatic nozzle

and orchard.

Key words; orchard air-assisted sprayer; pneumatic nozzle; wind power performance; numerical

simulation ; experiment
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Fig.1 Functional structure of orchard wind spray sprayer
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Tab.1 Test design samples and calculated values

for design goals

Hwek R Wk T 15 25 40 3

B85 /mm (mes™") (m-s™1) 16/ %
100 44.3 47.9 7.52
150 35.6 37.7 5.57
180 27.8 28.7 3. 14
240 19.6 20. 4 3.92
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Fig.4 Numerical computation results of xoz section
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Fig.7 Wind speed comparison of exit observation surface for two models
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Tab.2 Test design samples and calculated values

for design goals

e PIKB EEBNGE REEIR R
HE/mm KE/mm @/ (mes™!) (kgesT!)

1 0.51 6. 00 49.6 0.0169
2 0 4.80 56.5 0.0149
3 1.36 5.20 46. 1 0.017 6
4 0. 85 0 63.5 0.0133
5 0. 68 4.40 52.7 0.017 1
6 1.19 3.20 53.8 0.0165
7 1.02 1. 60 60.3 0.0149
8 0.17 1.20 65. 1 0.0125
9 1.87 3.60 47.2 0.0156
10 1.53 0. 40 59.7 0.0137
11 2.21 0. 80 54.1 0.0127
12 2.38 2.40 48.8 0.0133
13 1.70 2.00 53.9 0.0143
14 0. 34 2.80 60. 2 0.0145
15 2.04 5.60 40. 4 0.0168
16 2.55 4.00 4.1 0.014 6
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Fig.9 RBFNN model and error analysis for wind performance
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Tab.3 Random error analysis of flow rate agent model

L VR CPD ISR VR RMBUN  faris
Ry
(kges™") W/ (kges™)  HaRHiE/%
| 0.0169 0.0169 0
3 0.0176 0.0180 2.27
5 0.017 1 0.017 1 0
10 0.0137 0.0136 0.74
12 0.0133 0.0132 0.76
16 0.0146 0.0147 0. 68
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Tab.4 Random error analysis of wind speed agent model

o HWEE CFD PR/ BT R 22
(m+s™") W/ (mes™') XA/ %

1 49.6 49.7 0. 20

3 46. 1 46. 4 0. 65

5 52.7 52.8 0.19

10 59.7 59.3 0. 67

12 48.8 49.1 0.61

16 4.1 43.9 0.45
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Fig. 10 Variations of wind performance index with structural parameters
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Tab.5 Result comparison after flow optimization
T W BN gE kB E, R/
BERI S
K& /mm mm (kg'sfl)
e 1R 0 0.50 0.0149
iRy N 5.39 1.08 0.0179
CFD {15 5.39 1.08 0.018 2
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Tab.6 Result comparison after wind speed optimization
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Fig. 12 Wind speed comparison of barrier-free cross-section for optimization model and benchmark model at 1. 02 s
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Fig. 13 Wind speed comparison of free cross-section for optimization model and benchmark model at 1. 02 s
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mathematical model
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