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Fig. 1. Operating parameters of the simulated air-assisted spraying.
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Fig. 2. Three factor domain of the central composite design for response surface methods.
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Fig. 3. Two factor domain of the central composite design for response surface methods.
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Fig. 4. The simulation domain of the air-assisted spraying.
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Table 1. Simulation conditions and results for the first stage

EEHHE RUUEE Vas) REBEEEHAE A SARAEEERRABE) BEER%  HHEBRER®)

SHENETEEE
0 ({5 FAVENE 2 {7 THESE - (RAEE LA 65.770 0.00
1 15 -1y 20 (-1) 10.14 (-1) 66.762 1.51
2 15 (-1) 20 (-1) 35.14 (1) 76.120 15.74
3 15 (-1) 20 (1) 10.14 (-1) 63.793 -3.01
4 15 (-1) 20 (1) 35.14 (1) 62.903 -4.36
5 45 (1) 20 (-1) 10.14 (-1) 67.043 1.94
6 45 (1) 20 (-1) 35.14 (1) 75.149 14.26
7 45 (1) 20 (1) 10.14 (-1) 27.692 -57.90
8 45 (1) 20 (1) 35.14 (1) 20.492 -68.84
9 4.77 (-1.682) 0 (0) 25 (0) 64.806 -1.47
10 55.23 (1.682) 0 (0) 25 (0) 0 -100.00
11 30 (0) -33.64 (-1.682) 25 (0) 80.280 22.06
12 30(0) 33.64 (1.682) 25 (0) 55.134 -16.17
13 30 (0) 0 (0) 0 (-1.682) 47.399 27.93
14 30 (0) 0(0) 42.06 (1.682) 58.847 -10.53
15 30 (0) 0(0) 25 (0) 57.885 -11.99
I RS T 1 2
16 15 (-1) 20 (-1) 10.14 (-1) 65.377 -0.60
17 15 (-1) 20 (-1) 35.14 (1) 75.836 15.30
18 15 (-1) 20 (1) 10.14 (-1) 56.793 -13.65
19 15 (-1) 20 (1) 35.14 (1) 53.004 -19.41
20 45 (1) 20 (-1) 10.14 (-1) 21.710 -66.99
21 45 (1) 20 (-1) 35.14 (1) 25.348 -61.46
22 45 (1) 20 (1) 10.14 (-1) 2.330 -96.46
23 45 (1) 20 (1) 35.14 (1) 3.164 -95.19
24 4.77 (-1.682) 0 (0) 25 (0) 63.934 279
25 55.23 (1.682) 0(0) 25 (0) 0 -100.00
26 30 (0) -33.64 (-1.682) 25 (0) 79.294 20.56
27 30 (0) 33.64 (1.682) 25 (0) 57.801 -12.12
28 30 (0) 0(0) 0 (-1.682) 18.831 -71.37
29 30 (0) 0(0) 42.06 (1.682) 11.970 -81.80
30 30 (0) 0 (0) 25 (0) 15.049 77.12
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Fig. 5. The scatter plot of relative drift indexes for droplets released at different angles between the air jet and nozzle for the first
stage simulation.
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Fig. 6. The scatter and response surface of relative drift indexes for droplets released at various jet velocities and grouped angles of
the air bag and nozzle for upwind spraying.
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Fig. 7. Relative drift index contours for droplets released at various jet velocities and grouped angles of the air bag and nozzle for

upwind spraying.
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Fig. 8. The scatter and response surface of relative drift indexes for droplets released at various jet velocities and grouped angles of
the air bag and nozzle for downwind spraying.
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Fig. 9. Relative drift index contours for droplets released at various jet velocities and grouped angles of the air bag and nozzle for

downwind spraying.
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Fig. 10. Change of some extremal relative drift indexes on response surface for droplets released at various jet velocities and

grouped angles of the air bag and nozzle.
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Table 2. Simulation conditions and results for the second stage.

A RRHEE SRR (m/s) BT HER I (m/s) WL (%) FEE B IEH(%)
WRIEFEEE
0 {515 FRRE S -2 {88 1) T VI - (RAEB LA 65.770 0.00
31 2(-1) 0.6 (-1) 0 -100.00
32 2(-1) 1.2(1) 0 -100.00
33 6(1) 0.6 (-1) 28.051 -57.35
34 6(1) 12(1) 30.742 -53.26
35 1.17 (-1.414) 0.9 (0) 49217 -25.17
36 6.83 (1.414) 0.9 (0) 44.897 -31.74
37 4(0) 0.48 (-1.414) 0 -100.00
38 4(0) 1.32 (1.414) 17.819 7291
39 4(0) 0.9 (0) 12.977 -80.27
EER-E i

40 2(-1) 0.6 (-1) 4.967 -92.45
41 2(¢-1) 12(1) 0 -100.00
42 6 (1) 0.6 (-1) 62.642 -4.76
43 6(1) 21 62.378 5.16
44 1.17 (-1.414) 09(0) 5.650 9141
45 6.83 (1.414) 0.9 (0) 62.853 -4.44
46 4(0) 0.48 (-1.414) 47.940 27.11
47 4(0) 1.32(1.414) 10.720 -83.70
48 4(0) 0.9 (0 27.363 -58.40

REEEIRI - RUEE 45 nvs » BEEIBMEHAE 165 - KITHEEMSEA0E » RRHOEE 15em °
IEBR N (R 2 A L o
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EIRE-100% > BIEESUR RAF - SR » S RSE SRS TR FE AR R R Y] 2 RUEE H 10 ~ 15 ~
20 ~ 30 B KHKT40 m/s » AMER-5% IERE-50% » L AT Rsd R SER: B3 0T DUER B B SR o T e
EEFWE - (BEGRAEN RMERERER ZBER - HIELAE RN - AR5 2 RE SRR
FEARFEOEE 1.5 cm » 7EEEBIRIIEF (5 RIUEE 20 2 30 nvs Z1TEE T » NHEEER 25 fER]
B%-50% E-80% Z AT S IERE » HIEMEEERFAIRA-5% £-22% ZHE TS EIE » BRI ALE
W AN SRR 2 R IR ECR AR R » FELLER R @ RIUEE S Z -
— BT

R — RS AR B R RIE B 2 OB R F RS R BN R ) - B 5 R 75 7 R [F &
HEANE R TR E TEBEMSIEE 281 » 5 —FEEF(h A BB RIE B IR < BORIREIRF - wa
TEEBRIEE 45 m/s » RIESEMEIH A 16 B RSRMELMEMETHT A 30 B » MNEEESE BRI 24.7
m/s * RIEEAEMEHE AR 4.3 B SO SIS R A 30 B W (H AR 58 RS ER 2 REHE - SIS —FEER 21
o HAEER A RT3 2 o PLREER I HE R I Jo oo e P 7R 1T M B 2 AR L B
FEE > MUSERRBR T 2 ES T & R ESE > rE

RDI =1 (X, Xs) ottt (10)



80 MEEENT F498 FoH 2000

Relative Drift Index(%)

B 11. PEEZFETRRERE MBS TEERE TSRS 88 i 2 [ FE R -
Fig. 11. The scatter and response surface of relative drift indexes for droplets released at various wind velocities and travel speeds

for upwind spraying.

B 12. JEREZFE N RRERE M EF T ERE T AR R B S e -
Fig. 12. The scatter and response surface of relative drift indexes for droplets released at various wind velocities and travel speeds

for downwind spraying.
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Fig. 13. Change of relative drift indexes for droplets released at various relative wind velocities for the second stage simulation.
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Fig. 14. Flow field shows the deflected jet of air-assisted spraying with too large jet velocity under a condition at low relative wind

velocity.
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Fig. 15. Droplet trajectories of an air-assisted spraying case. Conditions same as figure 14.
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Fig. 16. The scatter and response surface of relative drift indexes for droplets released at various wind velocities and travel speeds
for upwind spraying without the extreme case.
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Fig. 17. Relative drift index contours for droplets released at various wind velocities and travel speeds for upwind spraying.
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Fig. 18. Relative drift index contours for droplets released at various wind velocities and travel speeds for downwind spraying.
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Evaluation of Air-assisted Spraying System by

Simulation'

Jyh-Rong Tsay, Lien-Sheng Liang and Lung-Hu Lu’

Summary

Air-assisted spraying has been among the strategies recommended for reducing spray drift. Even though
many studies pertaining to air-assisted spraying had shown its advantages on reducing spray drift, little
information about optimal operating parameters and the effect of wind velocity, sprayer travel speed, and
sprayer travel direction on reducing spray drift for air-assisted spraying was available. In this study, the
evaluation of air-assisted spraying system based on comparing effects on drift reduction was conducted by
using a computational fluid dynamics software FLUENT® and a response surface method. The relative drift
indexes of air-assisted spraying under various wind velocities, sprayer travel speeds, and sprayer travel
directions were also investigated. Main conclusions drawn from this study were stated as follows. The angle
between the air jet and nozzle of air-assisted spraying has no significant influence on reducing spray drift.
With relative drift indexes from -50% to -80%, the air current with velocities from 20 to 30 m/s, commonly
used by air-assisted spraying, seems to be acceptable in reducing spray drift for downwind spraying. However,
with relative drift indexes from -5% to -22%, the air current with velocities from 20 to 30 m/s of air-assisted
spraying needs to be increased properly to improve the ability of drift reduction. Variations of relative drift
indexes of air-assisted spraying under various wind velocities, sprayer travel speeds, and sprayer travel
directions could be explained by local relative wind velocity. The higher the local relative wind velocity, the
greater the relative drift index. Results of this study provide the practical operations of air-assisted spraying
with useful information, which is beneficial for reducing spray drift from air-assisted sprayers.

Key words : Air-assisted spraying, Evaluation, Simulation.
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