WI ne The Australian Wine
Au stra | iq Research Institute

Liquid flow and air flow

Andrew Landers
Cornell University
New York State, USA

ajl31@cornell.edu
www.effectivespraying.com



International Pesticide Application Technology
at Cornell University

Improving pesticide application
via engineering methods

Comparative testing of novel sprayers

Developing methods to improve
deposition and reduce drift

Extension demonstrations of novel
sprayers




Droplets

ASAE Standard Comparative Size
Symbol Category | Code | Apx. VMD Relative Size Comparative Size | Atomization
\VF Very Fine Red | <100 Point of Needle Fog

Orange | 100-175 ( Human Hair Fine Mist
(100 Microns)

Medium | Yellow | 175-250 ( Sewing Thread Fine Drizzle
(150 Microns)

250-375

(420 Microns)

EC Extremely | White | >450 #2 Pencil Lead Thunderstorm
Coarse [] (2000 Microns)




Droplets

Drop Size:

Spray droplets are measured in microns and

expressed as Volume Median Diameter (VMD). a

One micron (um) =1/1000 mm



VMD or NMD ?

by number
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__1/2 of spray volume = smaller droplets

1/2 of spray volume = larger droplets —

Credit: Tom Wolf




Laser Droplet Analyzer




Halving droplet size results in
eight times the number of droplets

64 x 125 Microns

miCcrons

8 x 250

1 x 500 Micron




Observing droplet trajectories

Camera control
From computer

4 Sl Droplet generator
A (computer controlled)

m" Light

Leaf surface

Video camera
With macro lens

Droplets appear as streaks whose length is controlled by
the shutter speed of the camera



A large water droplet bouncing on a pea leaf
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PATH TO
FIRST
IMPACT

Diameter: 650 um
Velocity: 1.5m/s

Pea leaf
—
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A smaller water droplet bouncing on a pea leaf

Water droplet impact and bounce on
pea leaf

Eight frames combined

Four bounces to retention (1 to 4)
First impact speed 0.93m/s
Diameter 375 um

Source: Application Technology Group
NYSAES, Geneva, NY



Flat fan nozzle selection

Select the correct

nozzles:
Fine/Medium/Coarse

Fine (F)

for contact products

Medium (M) for

herbicides

Coarse (C) for pre-

emergent herbicides

DROP |capPaCITY I'ha S0cm

@(&) 6; SIZE | ONE
bar m 4 5 6 7 8 0 | 12 | 16 | 18
B0°| TI0e km/h | kmvh | kew'h | kmvh | kmvh | knvh | kmih | kvh | kmvh
1.0 |M|'FY| 023 69.0| 552| 460| 394| 345| 276| 230]| 173| 153
XR8001 15 |F|F| 028 84.0| 672 560 480 420| 338| 280| 20| 187
XR11001 20 |F|F| 032 950 768| 640 549| 480| 384| 320| 240 N3
25 |F|F| 038 | 108 864 720| 617 s540| 432 380| 270| 240
{100} 30 |F|lF| 039 | 17 936 7B0| 669 585| 468 390| 293| 260
40 | F 045 135 | 108 90.0| 77| 675| 540| 450 338| 300
1.0 [M[F| 034 | 102 81.8| 680 583 510 408 340| 255 227
XR80015 15 |M|F| 042 126 | 101 840 720| 63.0| 504 420| 31.5| 280
Xr110015 R FIF| 048 | 144 | 115 9s.0| 823| 720| 576| 480 360| 320
25 |F|F| 054 | 162 | 130 | 108 926 810 48| 540| 405| 360
(100) 30 |F|lF| 059 | 177 | 142 | 118 | 10 BES| 708| 590( 443| 393
40 |F|F| o058 | 204 | 163 | 136 | 117 | 102 Bl.5| 680| 51.0| 453
10 [M[M| o048 | 138 | 110 920 789| 690 552| 460 345| 307
1.5 |M[F| 058 | 168 | 134 | 112 950| 84.0| 72| 560| 420| 373
XR11002 20 |M|F| 055 195 [ 156 | 130 | 1M1 975| 780| 650 488| 433
25 |M|F| 072 26 | 173 | 144 | 123 | 108 B854 | 720| 540| 480
(50) 30 |[F|F| 079 | 237 | 190 | 158 | 135 | 119 948 | 79.0| 593 527
40 |F|F| 091 273 | 218 | 182 | 156 | 137 [ 109 91.0| 683| 607
1.0 M| 057 | 17 137 | 114 977| 855| e&84| 570 42&8| 380
15 M| o070 | 210 | 168 | 140 | 120 | 105 840| 700| 525 467
20 F| os 243 | 194 | 162 | 139 | 122 972 | B81.0| 608 540
25 F| 090 | 270 | 216 | 180 | 154 | 135 | 108 90.0 | &75| 600
3.0 F| oo | 297 | 238 | 198 | 170 | 149 [ 119 90| 743| 660
40 F| 194 | 342 | 274 | 228 | 195 | 171 | 137 | 114 85.5| 760
1.0 [M|M| o088 | 204 [ 183 | 1368 | 117 | 102 81.6| 680| 51.0| 453
XR2003 15 |[M|M| 083 249 | 199 | 166 | 142 125 995 | 830| B23| 553
XR11003 20 (M|F| 096 | 288 | 230 | 192 | 165 | 144 [ 115 o95.0| 720| &40
25 |M|F| 108 | 324 | 259 | 216 | 185 | 162 | 130 | 108 81.0| 720
(500 30 |M|IF| 118 | 354 | 283 | 236 | 202 | 177 | 142 | 118 BBS5| 787
40 (M|E| 136 | 408 | 326 | 272 | 233 | 204 [183 | 136 | 102 90.7
10 WA M| o= 273 | 218 | 182 | 156 | 137 [ 109 91.0| e&83| 607
XRE004 15 |[M[M| 112 336 | 269 | 224 | 192 | 188 | 134 | 112 B40| 747
20 (M|M| 129 | 387 | 310 | 258 | 201 194 [ 155 | 129 958 | B60
25 |M|M| 144 | 432 | 346 | 288 | 247 | 216 | 173 | 144 | 108 96.0
30 |M|M| 158 | 474 | 379 | 316 | 271 | 237 | 190 | 158 | 119 | 105
40 |M|F| 182 | 546 | 437 | 364 | 312 | 273 [ 718 | 182 [ 137 | 121

Note: 3rd column states spray quality




Nozzle catalogue — hollow cone

'|i|'|'||'l |'||| 1 ((/ |'.'i|'.l'|||Il
54'| . “"illl |I|||I|rI s ,"._._.,-,_H
FLOWRATE
I/mn
WHITE PINK BROWN YELLOW GREY BLACK BLUE
0,21 0,28 0,38 0,57 0,77 1,08 1,18 1,40 1,57 1,92
0,24 0,32 043 0,65 0,89 1,24 1,35 1,60 1,80 2,20
0,27 0,36 0,48 0,73 0,99 1,38 1,50 1,18 2,00 245
0,29 0,39 0,52 0,80 1,08 1,51 1,63 1,94 2,18 2,67
0,32 0,42 0,56 0,86 117 1,62 1,16 2,09 2,35 2.87
0,34 0,45 0,60 0,92 1,24 1,73 1,87 2,22 2,50 3.06
0,36 0,48 0,64 0,97 1,32 1,83 1,98 2,35 2,64 3.24
0,38 0,50 0,67 1,03 1,39 192 2,08 247 2,78 340
0,39 0,52 0,70 1,07 145 201 217 2,58 290 3.56
0.41 0,55 0,73 112 1,91 2,09 2,26 2,69 3,03 3.7
0,43 0,57 0,76 1117 1,57 211 2,35 2,79 314 3,85
0,44 0,59 0,79 1,21 1,63 2,25 2,43 2,89 3,26 3.99
0,46 0,61 0,81 1,25 1,69 2,33 2,51 2,99 3,36 412
0,47 0,63 0,84 1,29 1,74 240 2,59 3,08 347 4,25
0,48 0,64 0,86 1,33 1,79 247 2,67 37 357 437
0,50 0,66 0,89 1,37 1,84 254 2,14 3,25 3,67 449
0,51 0,68 0,91 1,40 1,89 2,60 2,81 3,34 3,76 4,67
0,52 0,70 0,93 1,44 1,94 2,67 2,88 342 3,85 4,72
0,54 0.7 0,95 1,48 1,99 213 2,95 3,50 3,94 484
0,55 0,73 0,98 1.51 2,03 279 3.01 357 4,03 4,94




Nozzle selection - smartphone apps

eeeco TFW LTE 9:39 AM

- lecjet

SpraySelect

- Lechler Nozzle Calculator _ = @Lc\’)mT‘EKR ALBUZ

fvy

3 Q@ ?: aill 93%. 9:42 AM 9:4 00000 TFW LTE 9:40 AM

Choose your calculator VO{:#:WE 1
Arable Crops w—
Vine & Orchard Crops
WEbSite Nozzle Calculator
Application Reference CALCULATE
Settings

Contact Greenleaf NUMBER OF NOZZLES




Calibration




Calibration

You({ [T

Calibration of airblast sprayers for vineyards

- Part 1 selecting and changing nozzles
(metric version)

- Part 2 measuring liquid flow (metric

Version)

8 film clips on calibrating liquid flow and
nozzle selection

Distance learning courses

(Cornell Univeristy)



https://www.youtube.com/watch?v=D0dNhPVdxPQ
https://www.youtube.com/watch?v=o_tgdYlzoQ8

Electronic nozzle tip testers




Patternator

Patternator
MIBO Vertical

Right side

1.Asymmetric

2. Overspray

Left side

Landers, A.J., Balsari, P., Gil, E., (2012). Putting the spray onto the target — the development and
demonstration of vertical patternators for fruit growers. Paper No. 121336783, ASABE.



Patternator
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5+6

Volume, ml

Height, m

0.64

0.82

1.03

1.21

1.43

1.61

1.79

1.98

2.17

2.37

2.56

2.76

2.96

3.16

3.35

3.55

3.75

3.94

4.14

4.34



DataSheet

		Cornell University,																		Spray Application Technology

																						Vertical Pattern Testing

		Date:		9/14/04						Name:

		Run #		5+6						Address:

		Sprayer																				Tractor

		Nozzle		Farmer setting																Row spacing								ft				Canopy Height										ft

		Tube No.		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Volume Left, ml		14		27		25		33		30		37		33		37		23		19		5		0		0		0		0		0		0		0		0		0

		Volume Right, ml		16		13		12		20		27		42		52		46		38		30		30		21		14		8		7		0		0		0		0		0

		Height, m		0.6		0.8		1.0		1.2		1.4		1.6		1.8		2.0		2.2		2.4		2.6		2.8		3.0		3.2		3.4		3.6		3.8		3.9		4.1		4.3

																																Total volume collected (ml)										659

		Volume Left, oz		0.47		0.91		0.85		1.12		1.01		1.25		1.12		1.25		0.78		0.64		0.17		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Volume Right, oz		0.54		0.44		0.41		0.68		0.91		1.42		1.76		1.56		1.28		1.01		1.01		0.71		0.47		0.27		0.24		0.00		0.00		0.00		0.00		0.00

		Height, ft		2.1		2.7		3.4		4.0		4.7		5.3		5.9		6.5		7.2		7.8		8.4		9.1		9.7		10.4		11.0		11.7		12.3		13.0		13.6		14.3

																																Total volume collected (oz)										22.28079



Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)

Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)



DataSheet

		



Left

Right

Tube Number

Volume, ml



MetricLineGraph

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		5+6				0				0.00		m

								Symmetry =				72.8%		( 0 % = no symmetry; 100 % = absolute symmetry)
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5+6
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EnglishLineGraph
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SymmetryIndex

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		5+6				0				0.00		ft

								Symmetry =				72.8%		( 0 % = no symmetry; 100 % = absolute symmetry)





SymmetryIndex

		0.47334

		0.91287

		0.84525

		1.11573

		1.0143

		1.25097

		1.11573

		1.25097

		0.77763

		0.64239

		0.16905

		0

		0

		0

		0

		0

		0

		0

		0

		0



Left

Volume, Oz

Height, ft

2.08

2.72

3.37

4.02

4.65

5.3

5.86

6.51

7.2

7.79

8.43

9.08

9.72

10.37

11.02

11.66

12.31

12.95

13.6

14.25



		0.54096

		0.43953

		0.40572

		0.6762

		0.91287

		1.42002

		1.75812

		1.55526

		1.28478

		1.0143

		1.0143

		0.71001

		0.47334

		0.27048

		0.23667

		0

		0

		0

		0

		0



Right

Volume, Oz

2.08

2.72

3.37

4.02

4.65

5.3

5.86

6.51

7.2

7.79

8.43

9.08

9.72

10.37

11.02

11.66

12.31

12.95

13.6

14.25



								Cornell University

								Spray Application Technology

						Date:		11/4/16

								Symmetry

				Height above ground, ft		left side		right side				Absolute Difference

				14.3		0.0%		0.0%				0.0%		=ABS(B5-C5)

				13.6		0.0%		0.0%				0.0%

				13.0		0.0%		0.0%				0.0%

				12.3		0.0%		0.0%				0.0%

				11.7		0.0%		0.0%				0.0%

				11.0		0.0%		1.1%				1.1%

				10.4		0.0%		1.2%				1.2%

				9.7		0.0%		2.1%				2.1%

				9.1		0.0%		3.2%				3.2%

				8.4		0.8%		4.6%				3.8%

				7.8		2.9%		4.6%				1.7%

				7.2		3.5%		5.8%				2.3%

				6.5		5.6%		7.0%				1.4%

				5.9		5.0%		7.9%				2.9%

				5.3		5.6%		6.4%				0.8%

				4.7		4.6%		4.1%				0.5%

				4.0		5.0%		3.0%				2.0%

				3.4		3.8%		1.8%				2.0%

				2.7		4.1%		2.0%				2.1%

				2.1		2.1%		2.4%				0.3%

						Sum of absolute differences =						27.2%		=SUM(E5:E24)

						Symmetry =						72.8%		=100-E26

				Note: Symmetry of 0 % indicates no syymetry and data is only on one side. The value of 100 indicates that there is absolue symmetry.
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DataSheet

		Cornell University,																		Spray Application Technology

																						Vertical Pattern Testing

		Date:		9/14/04						Name:

		Run #		5+6						Address:

		Sprayer																				Tractor

		Nozzle		Farmer setting																Row spacing								ft				Canopy Height										ft

		Tube No.		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Volume Left, ml		14		27		25		33		30		37		33		37		23		19		5		0		0		0		0		0		0		0		0		0

		Volume Right, ml		16		13		12		20		27		42		52		46		38		30		30		21		14		8		7		0		0		0		0		0

		Height, m		0.6		0.8		1.0		1.2		1.4		1.6		1.8		2.0		2.2		2.4		2.6		2.8		3.0		3.2		3.4		3.6		3.8		3.9		4.1		4.3

																																Total volume collected (ml)										659

		Volume Left, oz		0.47		0.91		0.85		1.12		1.01		1.25		1.12		1.25		0.78		0.64		0.17		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Volume Right, oz		0.54		0.44		0.41		0.68		0.91		1.42		1.76		1.56		1.28		1.01		1.01		0.71		0.47		0.27		0.24		0.00		0.00		0.00		0.00		0.00

		Height, ft		2.1		2.7		3.4		4.0		4.7		5.3		5.9		6.5		7.2		7.8		8.4		9.1		9.7		10.4		11.0		11.7		12.3		13.0		13.6		14.3

																																Total volume collected (oz)										22.28079



Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)

Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)
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MetricLineGraph

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		5+6				0				0.00		m

								Symmetry =				72.8%		( 0 % = no symmetry; 100 % = absolute symmetry)
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EnglishLineGraph
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SymmetryIndex

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		5+6				0				0.00		ft

								Symmetry =				72.8%		( 0 % = no symmetry; 100 % = absolute symmetry)
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		0.43953
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Right
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								Cornell University

								Spray Application Technology

						Date:		11/4/16

								Symmetry

				Height above ground, ft		left side		right side				Absolute Difference

				14.3		0.0%		0.0%				0.0%		=ABS(B5-C5)

				13.6		0.0%		0.0%				0.0%

				13.0		0.0%		0.0%				0.0%

				12.3		0.0%		0.0%				0.0%

				11.7		0.0%		0.0%				0.0%

				11.0		0.0%		1.1%				1.1%

				10.4		0.0%		1.2%				1.2%

				9.7		0.0%		2.1%				2.1%

				9.1		0.0%		3.2%				3.2%

				8.4		0.8%		4.6%				3.8%

				7.8		2.9%		4.6%				1.7%

				7.2		3.5%		5.8%				2.3%

				6.5		5.6%		7.0%				1.4%

				5.9		5.0%		7.9%				2.9%

				5.3		5.6%		6.4%				0.8%

				4.7		4.6%		4.1%				0.5%

				4.0		5.0%		3.0%				2.0%

				3.4		3.8%		1.8%				2.0%

				2.7		4.1%		2.0%				2.1%

				2.1		2.1%		2.4%				0.3%

						Sum of absolute differences =						27.2%		=SUM(E5:E24)

						Symmetry =						72.8%		=100-E26

				Note: Symmetry of 0 % indicates no syymetry and data is only on one side. The value of 100 indicates that there is absolue symmetry.






Improved setting for the canopy:
adjusting nozzle orientation
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DataSheet

		Cornell University,																		Spray Application Technology

																						Vertical Pattern Testing

		Date:		9/14/04						Name:

		Run #		1+2						Address:

		Sprayer																				Tractor

		Nozzle		best setting																Row spacing								ft				Canopy Height										ft

		Tube No.		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Volume Left, ml		32		43		32		37		35		14		6		0		0		0		0		0		0		0		0		0		0		0		0		0

		Volume Right, ml		34		25		25		36		40		37		25		10		0		0		0		0		0		0		0		0		0		0		0		0

		Height, m		0.6		0.8		1.0		1.2		1.4		1.6		1.8		2.0		2.2		2.4		2.6		2.8		3.0		3.2		3.4		3.6		3.8		3.9		4.1		4.3

																																Total volume collected (ml)										431

		Volume Left, oz		1.08		1.45		1.08		1.25		1.18		0.47		0.20		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Volume Right, oz		1.15		0.85		0.85		1.22		1.35		1.25		0.85		0.34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Height, ft		2.1		2.7		3.4		4.0		4.7		5.3		5.9		6.5		7.2		7.8		8.4		9.1		9.7		10.4		11.0		11.7		12.3		13.0		13.6		14.3

																																Total volume collected (oz)										14.57211



Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)

Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)
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MetricLineGraph

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		1+2				0				0.00		m

								Symmetry =				80.3%		( 0 % = no symmetry; 100 % = absolute symmetry)
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SymmetryIndex

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		1+2				0				0.00		ft

								Symmetry =				80.3%		( 0 % = no symmetry; 100 % = absolute symmetry)
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								Cornell University

								Spray Application Technology

						Date:		11/4/16

								Symmetry

				Height above ground, ft		left side		right side				Absolute Difference

				14.3		0.0%		0.0%				0.0%		=ABS(B5-C5)

				13.6		0.0%		0.0%				0.0%

				13.0		0.0%		0.0%				0.0%

				12.3		0.0%		0.0%				0.0%

				11.7		0.0%		0.0%				0.0%

				11.0		0.0%		0.0%				0.0%

				10.4		0.0%		0.0%				0.0%

				9.7		0.0%		0.0%				0.0%

				9.1		0.0%		0.0%				0.0%

				8.4		0.0%		0.0%				0.0%

				7.8		0.0%		0.0%				0.0%

				7.2		0.0%		0.0%				0.0%

				6.5		0.0%		2.3%				2.3%

				5.9		1.4%		5.8%				4.4%

				5.3		3.2%		8.6%				5.3%

				4.7		8.1%		9.3%				1.2%

				4.0		8.6%		8.4%				0.2%

				3.4		7.4%		5.8%				1.6%

				2.7		10.0%		5.8%				4.2%

				2.1		7.4%		7.9%				0.5%

						Sum of absolute differences =						19.7%		=SUM(E5:E24)

						Symmetry =						80.3%		=100-E26

				Note: Symmetry of 0 % indicates no syymetry and data is only on one side. The value of 100 indicates that there is absolue symmetry.
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DataSheet

		Cornell University,																		Spray Application Technology

																						Vertical Pattern Testing

		Date:		9/14/04						Name:

		Run #		1+2						Address:

		Sprayer																				Tractor

		Nozzle		best setting																Row spacing								ft				Canopy Height										ft

		Tube No.		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20

		Volume Left, ml		32		43		32		37		35		14		6		0		0		0		0		0		0		0		0		0		0		0		0		0

		Volume Right, ml		34		25		25		36		40		37		25		10		0		0		0		0		0		0		0		0		0		0		0		0

		Height, m		0.6		0.8		1.0		1.2		1.4		1.6		1.8		2.0		2.2		2.4		2.6		2.8		3.0		3.2		3.4		3.6		3.8		3.9		4.1		4.3

																																Total volume collected (ml)										431

		Volume Left, oz		1.08		1.45		1.08		1.25		1.18		0.47		0.20		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Volume Right, oz		1.15		0.85		0.85		1.22		1.35		1.25		0.85		0.34		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Height, ft		2.1		2.7		3.4		4.0		4.7		5.3		5.9		6.5		7.2		7.8		8.4		9.1		9.7		10.4		11.0		11.7		12.3		13.0		13.6		14.3

																																Total volume collected (oz)										14.57211



Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)

Muhammad Farooq:
Sum of all collections on left and right for symmetry index
SUM(B12:U13)
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MetricLineGraph

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		1+2				0				0.00		m

								Symmetry =				80.3%		( 0 % = no symmetry; 100 % = absolute symmetry)
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SymmetryIndex

														Cornell University

														Spray Application Technology

												Date:		11/4/16

				0								Run #		1+2				0				0.00		ft

								Symmetry =				80.3%		( 0 % = no symmetry; 100 % = absolute symmetry)
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								Cornell University

								Spray Application Technology

						Date:		11/4/16

								Symmetry

				Height above ground, ft		left side		right side				Absolute Difference

				14.3		0.0%		0.0%				0.0%		=ABS(B5-C5)

				13.6		0.0%		0.0%				0.0%

				13.0		0.0%		0.0%				0.0%

				12.3		0.0%		0.0%				0.0%

				11.7		0.0%		0.0%				0.0%

				11.0		0.0%		0.0%				0.0%

				10.4		0.0%		0.0%				0.0%

				9.7		0.0%		0.0%				0.0%

				9.1		0.0%		0.0%				0.0%

				8.4		0.0%		0.0%				0.0%

				7.8		0.0%		0.0%				0.0%

				7.2		0.0%		0.0%				0.0%

				6.5		0.0%		2.3%				2.3%

				5.9		1.4%		5.8%				4.4%

				5.3		3.2%		8.6%				5.3%

				4.7		8.1%		9.3%				1.2%

				4.0		8.6%		8.4%				0.2%

				3.4		7.4%		5.8%				1.6%

				2.7		10.0%		5.8%				4.2%

				2.1		7.4%		7.9%				0.5%

						Sum of absolute differences =						19.7%		=SUM(E5:E24)

						Symmetry =						80.3%		=100-E26

				Note: Symmetry of 0 % indicates no syymetry and data is only on one side. The value of 100 indicates that there is absolue symmetry.






Patternator for growers to build

Patternator assembly instructions



http://web.entomology.cornell.edu/landers/pestapp/PATTERNATOR.htm

Drift poles to determine nozzle/plume direction
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Air induction nozzles

Drift Reduction - Air Induction Nozzles Fitted On A Berthoud Sprayer

—a— Hollow cone
---e--- Air Induction

% area covered on drift cards

Rows from target




Chart2

		0.9		3.6

		0.8		0.5

		0.5		0.1

		0.2		0

		0.1

		0.1

		0



Hollow cone

Air Induction

Rows from target

% area covered on drift cards      g

Drift Reduction - Air Induction Nozzles Fitted On A Berthoud Sprayer



Sheet1

		1		0.9		3.6

		2		0.8		0.5

		3		0.5		0.1

		4		0.2		0

		5		0.1

		6		0.1

		7		0

		Albuz ATR		14.4		12.25

		Teejet XR		11.85		9.95

		TurboDrop		11		9

		Teejet AI		11.2		10





Sheet2

		





Sheet2

		0.9		3.6

		0.8		0.5

		0.5		0.1

		0.2		0

		0.1

		0.1

		0



Hollow cone

Air Induction

Rows from target

% area covered on drift cards       gf

Drift Reduction - Air Induction Nozzles Fitted On A Berthoud Sprayer



Sheet3

		





Sheet3

		Albuz ATR		Albuz ATR

		Teejet XR		Teejet XR

		TurboDrop		TurboDrop

		Teejet AI		Teejet AI



BBCH 69

BBCH 79

Spray ground losses (% of applied)

Spray Ground Losses

14.4

12.25

11.85

9.95

11

9

11.2

10




Precision application to the target zone

O Botrytis sprays to the fruit zone

o Grapevine Berry Moth sprays to the fruit zone

0 Insecticide for Japanese Beetle at the top of the canopy



Target-zone sprayer

2-diaphragm pump/pressure regulator: $900
Hydraulic motor: $200
Motor to pump connector: $150

(Prices approx.)



Target-zone sprayer

Fitted to a Hazlitt 1852 CIMA sprayer

Low pressure, two
diaphragm pump
- 12 volt electric:
$400 (approx.)



Dilution: water and agrochemical




Induction bowls and closed chemical transfer

Reduce operator exposure and environmental contamination




Why care about the air?

We change liquid flow rate with different size canopies
Including:

o0 Vine Row Volume
o0 Leaf Wall Area

o Dosavina

o Unit Canopy Row

Why not change airflow to match the developing canopy?



Airflow

Direction of the air
The speed of the air
The volume of air



The answer is blowing in the wind

* Transports droplets from the sprayer to the target
* Protects droplets against wind effects

‘  Droplet production (pneumatic sprayers)
* Provides shaking of the leaves in the canopy

* Provides good coverage on the target

‘ e Transports droplets through & past the target
» Excessive shaking of the canopy resulting in
removing droplets already present on the target




Air direction

Deflectors and towers fitted to airblast sprayers to change air direction

/B "liii " _

A

< ———

A \ - B
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Adjust airflow direction — park the plume




Air direction

Source: Balsari, P., Marucco, P. and Tamagnone, M. Workshop on spray
application techniques in fruit growing, Barcelona 2005, pp.101-106



Air direction
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Figure 4. Spray deposils registered on the artificial coflectors displayed within
the canopy spraying both sides of the row simultaneously or not simultaneously

Source: Balsari, P., Marucco, P. and Tamagnone, M. Workshop on spray
application techniques in fruit growing, Barcelona 2005, pp.101-106



Air direction

X

Figure 2. Schematic view of the sprayer configurations examined. A) spray distribu-
tion not simuftaneous on the two side of the rows; B) spray distribution simultaneous
on the two sides of the row with three different nozzles and air outlets orientation

Source: Balsari, P., Marucco, P. and Tamagnone, M. Workshop on spray
application techniques in fruit growing, Barcelona 2005, pp.101-106



Park the plume




Air speed — grapes are the target

Good coverage




Wind tunnel observations




The classic horseshoe vortex

q?ﬂ ..Uﬁ

i Ludwig Prandtl
1875 -1953




Adjusting the air volume intake

Cornell
Doughnut
(2002)

ISAFUIT project
Europe (2002-07)




Adjustable Cornell louvre system

Early season — Mid season — Full canopy -
Air flow reduced Air flow adjusted Air flow fully open

Table 2. FMC tower sprayer. Drift reduction and deposition increase in V.vinifera cv.Vignole
vineyard

Season Early Mid Late

Lo uvre Fully @ u@i\ Fully diuste Fully @
position open | open open ,
Drift | |
reduction (%) 3 ( 71 0 37 0 \1_8/
Deposition ) \ ( )

increase (%) i \E 0 \ >5 i 0




Table 2. FMC tower sprayer. Drift reduction and deposition increase in V.vinifera cv.Vignole vineyard

		Season

		Early

		Mid

		Late



		Louvre

position

		Fully open

		Adjusted

		Fully open

		Adjusted

		Fully open

		Adjusted



		Drift 

reduction (%)

		0

		71

		0

		37

		0

		18



		Deposition increase (%)

		0

		82

		0

		55

		14

		0








Drift measurements in Vitis sp. GR 7 vineyard

2010

Dye
concentration

(mL dye/ L
/pipe cleaner)

70

60

50

4

o

3

o

20

10

|1!!h

i

P8
Top

P7

P6 PS5 P4
Pipe cleaner position on pole

P3

P2

P1
Bottom

Pole2 T2

Pole3 T2

T1= Louvres Adjusted
T2= Louvres Open

Polel T2

Airflow maximum




Conclusions

Select the correct nozzle to provide the right size droplets
Calibrate the nozzles and spray plume

Reduce the airflow to match the canopy



