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Table 1. Droplet size and flow rate of five brass cone spray nozzles. Dv(10), Dv(50) and Dv(90)

values indicate the size that 10%, 50%, and 90% of droplets were below, respectively

Code A B C
Nozzle type 1 Hole-point nozzle 5 Hole vegetable 1 Hole-outer thread
nozzle nozzle

Nozzle appearance P
Appearance label or hole diameter 1.35 mm 1.95 mm
Droplet size (um, 2 kg/cm?)

Dv(10) 8595+ 1.74 82.23 +£0.81 55.84£0.55

Dv(50) 148.5+£2.71 136.5+£0.68 108.3 £ 0.61

Dv(90) 266.1 £3.93 228.8+£0.10 201.6 +1.37
Flow rate (L/min) 2 kg/cm’ 0.97 £0.01 1.74 £ 0.00 0.80 + 0.00
Droplet size (um, 7 kg/cm?’)

Dv(10) 73.71 £0.88 68.43 £0.52 46.51£0.28

Dv(50) 121.9 £ 1.41 108.03 £0.29 88.01 £0.69

Dv(90) 206.7 £ 1.77 170.30 £ 0.53 157.8 £2.08
Flow rate (L/min) 7 kg/cm’ 1.89+£0.00 2.62 +0.07 1.29 £0.02
Droplet size (um, 10 kg/em®)

Dv(10) 56.48 £3.56 81.91 +1.71 45.14 £ 091

Dv(50) 101.1+£3.29 113.4 £0.64 87.46 £ 1.00

Dv(90) 181.8 £3.20 1554 +1.16 160.5 +£2.65
Flow rate (L/min) 10 kg/cm’ 2.20+0.01 3.20 +0.03 1.59 £0.01
Droplet size (um, 20 kg/em®)

Dv(10) 55.99 +£4.07 82.99 +2.12" 43,74 £1.33

Dv(50) 92.16 +3.94 119.3 £2.49" 88.87 +1.71

Dv(90) 152.0 £2.72 168.5+2.16" 169.8 +4.14
Flow rate (L/min) 20 kg/cm’ 3.06 £ 0.00 4.84 +0.07 2.90 +£0.04
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Table 1. Droplet size and flow rate of five brass cone spray nozzles. Dv(10), Dv(50) and Dv(90)
values indicate the size that 10%, 50%, and 90% of droplets were below, respectively
(continued)

Code D E

Nozzle type 5 Hole-inner thread 4 Hole-inner thread
nozzle nozzle

Nozzle appearance

Appearance label or hole diameter 1.15 mm 1.15 mm

Droplet size (um, 2 kg/cm®)

Dv(10) 7348 £1.12 97.03 +£3.60

Dv(50) 128.5+0.85 156.1 £4.85

Dv(90) 221.7+0.75 253.2+£6.63
Flow rate (L/min) 2 kg/cm’ 1.86 £ 0.00 1.64 £0.03
Droplet size (um, 7 kg/cm?)

Dv(10) 77.14 £5.38 71.64 £0.47

Dv(50) 118.0 £5.56 116.3 £0.35

Dv(90) 179.1 £5.25 188.4+£0.95
Flow rate (L/min) 7 kg/cm’ 2.86£0.03 2.70 £0.00
Droplet size (um, 10 kg/em®)

Dv(10) 83.97+3.97 69.87 +3.24

Dv(50) 122.3 +£3.82 111.7 £5.01

Dv(90) 175.4 £3.48 179.2 £ 6.88
Flow rate (L/min) 10 kg/cm’ 3.68 £0.03 3.05+0.08
Droplet size (um, 20 kg/cm®)

Dv(10) 84.63 +3.73” 66.56 + 0.36"

Dv(50) 121.7 + 6.25% 104.3 +2.66"

Dv(90) 169.2 +10.9” 157.6 +7.77"
Flow rate (L/min) 20 kg/cm’ 6.12 +0.00 4.23+0.03

" Large amounts of droplets were full of detection area caused by high flow rate and led to droplet size increasing in
5 seconds. Data was therefore collected in 4 seconds.

? The sample contained too many droplets sample input. We therefore collected data using 4/5 of the original
droplet amount.



SRS IR 113

RO 1ERREACOEENREEBENAREBO TERANE S EME * Dv(10)
Dv(50) 52 Dv(90) 378 10% ~ 50% A2 90% 2 35/ N LA RIAE AN
Table 2. Droplet size and flow rate of four stainless steel fan spray nozzles. Dv(10), Dv(50) and
Dv(90) values indicate the size that 10%, 50% and 90% droplets were below, respectively
Code F G H 1

Nozzle appear-

ance

AAAAAA

A
ppearance label WP D-5 PL D-4 PL D-5 KS K-5
or hole diameter

Droplet size (um, 2 kg/cm?)

Dv(10) 60.40 +£2.36 75.35+1.15 56.94 £0.59 62.30 £0.57
Dv(50) 112.4 £ 1.44 140.4 + 0.66 106.2 + 0.81 114.5+0.12
Dv(90) 198.9 +3.38 247.8 £1.50 185.9 £ 0.85 201.1 £0.78
Flow rate (L/min) 0.38 £0.00 0.46 +0.00 0.40 +£0.00 0.52 +£0.00
2 kg/em’
Droplet size (um, 7 kg/cm?)
Dv(10) 38.96 + 0.46 46.20+0.19 41.71 £1.34 40.80 £0.11
Dv(50) 79.54 +£0.32 92.76 £0.33 85.11 £0.77 84.23 £0.09
Dv(90) 146.7 £ 0.35 169.1 £0.92 153.9+0.21 153.8+£0.29
Flow rate (L/min) 0.62 +0.00 0.78 £ 0.00 0.64 +0.00 0.77 £0.01
7 kg/em®
Droplet size (um, 10 kg/cm®)
Dv(10) 36.33 +1.16 46.74 +£2.37 37.04 £0.42 41.10£0.25
Dv(50) 74.70 £0.71 90.44 £ 1.74 78.63 +£0.62 80.99 +0.39
Dv(90) 136.5+0.29 160.6 £ 1.17 144.5+1.85 143.6 £ 0.97
Flow rate (L/min) 0.72 £ 0.39 0.96 +0.00 0.70 +£0.00 0.84 +0.00
10 kg/em®
Droplet size (um, 20 kg/cm®)
Dv(10) 30.19£0.73 3336 £2.21 27.18 £0.13 29.92 +0.49
Dv(50) 65.44£0.27 68.85+3.81 63.10+0.77 65.84 £0.93
Dv(90) 121.0 £0.81 125.9 £ 6.05 119.7+£1.92 1229+ 1.91
Flow rate (L/min) 0.96 +0.00 1.34 +£0.00 1.00 £ 0.00 1.12 +£0.00

20 kg/em’
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Fig. 1. Changes in droplet size under different pressure conditions for 9 spray nozzles used in
Taiwan. Top: brass spray nozzles (A ~ E); bottom: stainless steel spray nozzles (F ~ I).
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AT BT KIS A 145 ~ 225 um ; VE RRFIEBMAERE » A6 REHNA

60 ~ 145 pm)

Table 3. Droplet size classification for 9 spray nozzles used in Taiwan under different pressure
conditions. Classification was based on ASABE standard S572.1. F (shown in orange)
indicates that droplet size was fine (approximately 145 ~ 225 um); VF (shown in red)
indicates that droplet size was very fine (approximately 60 ~ 145 um)

Droplet size classification under different pressure conditions (kg/cm?)

Nozzle
2

Fan nozzle PL D-4

Fan nozzle PL D-5

Fan nozzle KS K-5

Fan nozzle WP D-5

1 hole-point nozzle

5 hole-vegetable nozzle

1 hole-outer thread Nozzle
5 hole-inner thread Nozzle
4 hole-inner thread Nozzle

7 10 20
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1 Hole- point nozzle (A)

1 Hole- outer thread nozzle (C)
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[ Fan nozzle KS K-5 (1)
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Fig. 2. Flow rate of 9 spray nozzles used in Taiwan under different pressure conditions. A ~ E:
brass cone spray nozzles. F ~ I: stainless steel fan spray nozzles.
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2RI~ 9 TEEEE MR EEIETR L 15010625 IEFRD ARAE R
Table 4. Classification of 9 Spray nozzles used in Taiwan according to ISO standard 10625

Flow rate at  Nozzle Colour” Brass cone spray nozzles  Stainless steel fan spray nozzles
olour
300 kPa" size" (flow rate at 300 kPa) (flow rate at 300 kPa)
0.4 01 Orange None” None

- - - - Fan nozzle PL D-5 (0.44),
Fan nozzle WP D-5 (0.44),
Fan nozzle PL D-4 (0.52),
Fan nozzle KS K-5 (0.52)

0.6 015 Green None None
0.8 02 Yellow None None
1 hole-outer thread nozzle
' ) ) (0.9)” )
1.0 025 Violent None None
1.2 03 Blue 1 hole-point nozzle (1.2)” None
1.6 04 Flame red None None
4 hole-inner thread nozzle
i i i (1.80)” i
20 05 Nut Brown 5 hole-inner thr;ad noz- None
zle(2.04)”,
5 hole-vegetable nozzle
(1.98)”

" Based on ISO standard 10625 “Equipment for crop protection -- sprayer nozzles -- colour coding for
identification” (with a relative tolerance of + 5% L/min).

? “None:” None of the 9 nozzles investigated in this study can be classified at this size code.

¥ Data only represents flow rate comparison, not size code classification. Note that ISO standard 10625 is not
applicable to nozzles where more than one component influences flow rate.
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Drift Distance (cm)

‘Wind speed Spray |Temperature(C)/
(m/s) Nozzle Humidity (%)

XR8001 33.24 /66.70

1 XR8004 32.55 /57.50
KSK-5 31.99 /64.50

XR8001 33.84 /63.50

2 XR8004 32.04 /58.90
KSK-5 32.28 /63.80

XR8001 31.49 /72.05

3 XR8004 32.73 /56.70
KSK-5 29.58 /71.90

XR8001 31.01 /72.60

4 XR38004 32.06 /67.20
KSK-5 31.01/67.30

XR8001 30.43 /73.90

4.5 XR8004 31.61 /66.85
KSK-5 32.68 /65.15

200 300

B = - BA/IETE XR8001 ~ XR8004 K KS K-5 FAMEHEEE DAY 3 kg/em’® » N[EE R T F0 B R Bk
REE - WEZKRAABZFIE 0.05% L (BERKENR 0.02 ul/cm’) B EF

B LURBERTS -

Fig. 3. Spray drift distance of 3 fan nozzles (XR8001, XR8004 and KS K-5) under 3 kg/cm” pressure
and different wind speed conditions. The water sensitive paper showed coverage higher
than 0.05% (also represented 0.02 uL/cm” with water amount by software caculation),

representing spray drift and show in grey.
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Investigation of How Various Pesticide Spray
Nozzles Affect Droplet Size and Spray Dirift

Yu-Rong Huang'™, Rong-Jhih Syu', Ming-Hsun Ho'

Abstract

Huang, Y. R., Syu, R. J., and Ho, M. H. 2016. Investigation of how various pesticide spray nozzles affect
droplet size and spray drift. Taiwan Pestic. Sci. 1: 107-126.

In this study, we tested nine different spray nozzles used in Taiwan (including 4 stainless
steel fan nozzles and five brass cone nozzles) to (1) improve understanding of droplet size
and flow rate under 2, 7, 10, and 20 kg/ cm’ of pressure and (2) establish a method to evaluate
spray drift. From size distribution data of nine nozzles, the droplet size of stainless steel
fan nozzles were smaller than that of brass cone nozzles. Three (labeled No. 5) out of the 4
stainless steel fan nozzles that we tested showed similar droplet sizes (approximately 106.2
to 114.5 pm). Furthermore, we found that droplet getting smaller with higher pressure
operation, but stop changing size when pressure achieved 10 kg/cm’. One of the brass nozzles
(5 hole-inner thread) showed a similar size range between 118.0 and 128.5 um within 2 to
20 kg/cm’ of pressure, indicating that operation pressure has little influence on droplet size
with this nozzles of multi-hole. In order to estimate spray drift distance by using nozzles
available in Taiwan under the practical field condition, we used KS K-5 stainless steel nozzles
(classified as very fine droplet size) to imitate the downward spray typically used for ground
crop. This provided a spray drift of 3 meters at a wind speed of 1 m/s and a spray drift of 5
meters at a wind speed higher than 2 m/s. It might cause more serious spray drift when using
high pressure operation that often used in the field. We also classified the 4 stainless steel fan
nozzles by flow rate (based on ISO 10625), they were similar to 01 or 015 specification but
not exactly the same (out of 5% L/min relative tolerance). In addition, when the droplet size
of all nine nozzles was classified based on the ASABE $572.1 standard, only two brass nozzles
were found to have fine (F) droplets at 2 kg/cm”; the other seven nozzles showed very fine (VF)
droplets. All nine nozzles showed very fine droplets at pressure of 7, 10 and 20 kg/cm®, thus

these nine nozzles can produce very fine droplet size which can lead to spray drift. In future
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research, we plan to collect data pertaining to droplet size, flow rate and spray drift distance

for additional spray nozzles used in Taiwan in order to continue our evaluation of spray drift.

Key words: spray nozzle, spray drift, flow rate, droplet size distribution.



