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Introduction

Specific knowledge about crop protection product performance for each target with different nozzles will be necessary information for future application decisions.  Studies have shown that different droplet characteristics will influence the ability of certain crop protection products to deposit on certain leaf types.  If droplets size can be better controlled for leaf morphology then better efficiencies are expected (Smith, et. al., 1999).  Droplet size produced by the nozzle is the controlling factor in gallonage per acre, target deposition, uniformity of coverage, efficacy, off-target movement, and resulting exposure.  Many forces impinge on droplet size, but it is still the drop size that must be manipulated to optimize performance and eliminate associated undesirable results (Williams, et. al., 1999).

Over the last several years there has been an increased interest by nozzle manufactures to engineer nozzles that will effectively reduce the volume of driftable fines found in spray droplet spectrums.  This is being successfully accomplished with the use of a preorifice and also with turbulation chambers (R. Wolf, 2000).  Now, there is a new trend with spray nozzle design to incorporate a ‘venturi’ that includes the spray droplet in air to lessen the drift potential while still maintaining adequate efficacy.  Several nozzle manufacturers are including this new design as a part of a marketing campaign for drift control.  Early research would indicate that the venturi nozzle is producing larger spray droplets (Womac, 1997; Ozkan, 1998; R. Wolf, et.al., 1999).  Some would contend that the increased droplet size may reduce the effect of the crop protectant product used.  For some targets that are hard-to-wet, a finer spray may be required.  This would suggest using a higher pressure with venturi nozzles to achieve good coverage (T. Wolf, 1999; R. Wolf, et.al., 1999, Holmberg, 1999).


Management of spray droplet size is becoming a critical issue in the search of accurate, efficient crop protection applications.  A system for controlling droplet size while varying application volumes is currently available commercially.  Giles and Comino reported in 1989 and 1990 the development of a computer controlled valve attachment for agricultural spray nozzles.  The valve system used an electronically actuated solenoid valve coupled to the inlet of the spray nozzle to provide a variable-duration, pulse spray emission.  The process is referred to as pulse width modulation (PWM).  As first reported the PWM could modulate flow without distorting droplet size or spray pattern uniformity over a 4:1 range for a given size orifice (Giles, Young, Alexander, and French, 1995.  In 1996, Giles, Henderson, and Funk reported the same response but over a 10:1 flow adjustment.  In both reports a constant pressure was maintained.  Other reports substantiate that the spray droplet size is not significantly affected while using the PWM system (Tian and Zheng, 2000; Gopalapilla, Tian, and Zheng, 1998; and Giles and Ben-Salem, 1992).


For normal agricultural spray operations the flow rate and the consequent volume of application (GPA) are typically regulated through adjustments in pressure or by changing to a different nozzle orifice size.  As pressures are adjusted through a given orifice size the spray droplet size will also change (Womac, et. al., 1997).  With today’s abundance of spray machines with electronically controlled applications systems, pressure variations can occur as rapidly as application speeds change, thus changing the quality of the spray equally as often.  By using PWM for flow control and not reducing or increasing pressure applicators should expect improvement in the spray system response to flow rate changes requirements, will not need a system capable of providing a wide range of pressure, and should improve the quality of emitted spray (Giles, et. al., 1996).

A major focus for field research with nozzle design is to determine if in fact, while reducing drift, a desired level of efficacy can be obtained.  Detailed droplet information will be important to equipment manufactures, chemical company representatives, university research and extension personnel, crop consultants, and private and commercial applicators.  Variable rate crop protection application implies a need for systems that can be flexible and fast reacting to site-specific needs without destroying the quality of spray.  Systems to help analyze spray quality at the field level are also an important part of determining the abilities of new sprayer technologies.  DropletScan( is proving to be a system that can be used to field evaluate different application scenarios (Wolf, et.al., 1999)

DropletScan( System


DropletScan( is a software program that will allow accurate and rapid measure of spray droplet impressions on water-sensitive paper.  The process can be used to determine several useful spray drop statistics.  For example, the percent coverage, the spray deposition rate (GPA), drift profile, single swath pattern width, and multiple pass uniformity are all easily determined.  Droplet statistics such as VMD (V(0.5), Volume Median Diameter), V(0.1), and V(0.9) are automatically calculated for each drop card scanned.  A printout with a histogram of the drop sizes (by droplet number and percent of spray volume in each category) along with a graphic record (in color when a color printer is used) of the spot cards are provided by the software.


Elaborate testing has been conducted to determine the accuracy of the DropletScan( system.  Comparisons against known sizes have been verified through controlled droplet applications by using a microscope for analysis. Droplets were also tested against a camera and digitizing system at the KSU Wind Erosion laboratory using standard USDA software for digitizing.  The drop diameters from all three methods (microscope, digitizing, and droplet scan) compared favorably with and R2 of 0.85 or better.  Algorithms have been written to help analyze droplets of various sizes and shapes including the ability to accommodate drops that hit the card and smear into teardrops to touch each other (Whitney, 1997).


The resolution of the scanner is such that stains as small as 50 microns or smaller in diameter can be measured.  Drops that size are too small to be seen without the use of magnification.  The droplet size data measured and recorded using the DropletScan( system accurately represents the drop sizes that actually impact a target rather than the droplet sizes that are being released from the nozzle (Whitney, 1997).

System Requirements and Processes

Basic System Requirements

The DropletScan( system requires and IBM compatible PC based on a 486 or higher microprocessor with a math coprocessor, running in windows 95, 98, or NT, and a high resolution HP ScanJet flatbed scanner.  The latest version of the software has been written to operate with a HP ScanJet 6200Cse.  The equipment in use to evaluate this software program is a Gateway 9100XL notebook computer (366 MHz), HP ScanJet 6200Cse flatbed scanner with USB port, and either an HP DeskJet 890C color printer or an HP LaserJet 2100 black and white printer.

Procedures


A new Toro turf sprayer was equipped with the Sharpshooter system for use in collecting some of the data for this project.  The Toro sprayer was equipped with a Raven rate controller and a Hypro centrifugal pump.  For test number one, the Raven controller was programmed to provide 10 gallons per acre and the eleven-nozzle boom was set up with XR 110015, TT 110015, AI 110015 flat fan nozzles.  For test number two, the controller was programmed for a 15 gallon per acre rate and the boom was set up with XR 11003, TT 11003, AI 11003 flat fan nozzles. The electronic controller functioned to maintain the preset application rates while adjusting for application speed and pressure.  Tests were run for several individual nozzle flow control volumes using the Sharpshooter system.  The Sharpshooter is easily adjusted for various flow volumes by turning a dial.  The dial is marked as a percent of 100.


A third and fourth set of data were collected using a self-propelled Case/IH 4260 sprayer equipped with a Synchro nozzle control system.  For one set of data the system was set to deliver 5 gallons per acre with three different nozzles styles.  The nozzles used were XR11006, TT11005, and TF-3.  Travel speed and pressures were adjusted for different treatments and the spray controller was used to maintain the 5 gallons per acre application rate.  The Syncrho system was used in combination with the controller to control droplet size independent of the pressure changes.

The data were collected under field operating conditions using water sensitive paper.  The papers were positioned on collectors under the boom for each treatment.   Each water sensitive paper was analyzed using the WRK DropletScan( system.  Statistics were reported for VMD.

Findings

	Affect of Pulse Width Modulation (Synchro) on VMD @ 5 and 10 GPA

	Gallons per Acre
	Nozzle Type
	Pressure (psi)
	MPH
	*VMD

	5
	Turbo Flood-3
	10
	10.8
	541

	5
	Turbo Flood-3
	15
	11.0
	530

	5
	Turbo Flood-3
	26
	11.5
	530

	10
	Turbo Flood-3
	26
	10.0
	506

	5
	XR 11006
	15
	11.0
	430

	5
	XR 11006
	60
	11.0
	422

	10
	XR 11006
	15
	10.9
	480

	5
	TT 11006
	15
	11.0
	506

	5
	TT 11006
	21
	10.3
	468

	5
	TT 11006
	39
	10.5
	442

	10
	TT 11006
	21
	11.0
	545


*Average upper and lower canopy collector.

	Affect of Pulse Width Modulation (Sharp Shooter) on VMD @ 10GPA

	Gallons per Acre
	Nozzle Type
	Pressure (psi)
	MPH
	% Duty Cycle
	VMD

	10
	XR 110015
	44
	9.8
	100
	467

	10
	XR 110015
	22
	6.4
	100
	485

	10
	XR 110015
	48
	6.4
	70
	399

	10
	TT 110015
	44
	9.8
	100
	520

	10
	TT 110015
	22
	6.4
	100
	521

	10
	TT 110015
	48
	6.4
	70
	470

	10
	AI 110015
	44
	9.8
	100
	536

	10
	AI 110015
	22
	6.4
	100
	575


	Affect of Pulse Width Modulation (Sharp Shooter) on VMD @ 15 GPA

	Gallons per Acre
	Nozzle Type
	Pressure (psi)
	MPH
	% Duty Cycle
	VMD

	15
	XR 11003
	32
	9.8
	100
	584

	15
	XR 11003
	12
	6.4
	100
	588

	15
	XR 11003
	28
	6.4
	70
	657

	15
	XR 11003
	38
	6.4
	70
	537

	15
	XR 11003
	14
	3.8
	60
	683

	15
	XR 11003
	32
	3.8
	40
	572

	15
	TT 11003
	32
	9.8
	100
	650

	15
	TT 11003
	12
	6.4
	100
	620

	15
	TT 11003
	28
	6.4
	70
	543

	15
	TT 11003
	38
	6.4
	70
	567

	15
	TT 11003
	14
	3.8
	60
	673

	15
	TT 11003
	32
	3.8
	40
	575

	15
	AI 11003
	32
	9.8
	100
	628

	15
	AI 11003
	12
	6.4
	100
	643


Conclusions


This paper represents some information

REFERENCES

Giles, K. and Ben-Salem, E., 1992.  Spray Droplet Velocity and Energy in Intermittent Flow from Hydraulic Nozzles.  Journal Agricultural Engineering Research.  Vol. 51, 101-112.

Giles, K.,  Henderson, G., and Funk, K.  1996.  Digital Control of Flow Rate and Spray Droplet Size from Agricultural Nozzles for Precision Agricultural Application.  Proceedings of the 3rd International Conference – Precision Agriculture.  ASA-CSSA-SSSA.  Minneapolis, MN.  pp. 729-738.

Giles, K., Young, B., Alexander, P., and French, H., 1995.  Intermittent Control of Liquid Flow from Fan Nozzles in Concurrent Air Streams:  Wind Tunnel Studies of Droplet Size Effects.  Journal Agricultural Engineering Research.  Vol. 62, 77-84.

GopalaPillai, S., Tian, L., and  Zheng, J.  1999.  Evaluation of a Flow Control System for Site-Specific Herbicide Applications.   Transactions of the ASAE.  Vol. 42(4):863-870.

Holmberg, M., Wolf, R. and Peterson, D., Venturi Highway – Air-induction tips cut drift, but may sacrifice a bit of coverage.  Successful Farming Magazine.  Vol. 97(12): 46-8.

Ozkan, E. and Derksen, R., 1998.  Extension Fact Sheet – Effectiveness of Turbodrop and Turbo Teejet Nozzles in Drift Reduction.  The Ohio State University, Food, Agricultural and Biological Engineering Department. AEX 524-98, February.
Smith, D., Askew, S., Morris, W., Shaw, D., and Boyette, M.  2000.  Droplet Size and Leaf Morphology Effects on Pesticide Spray Deposition.  Transactions of the ASAE.  Vol. 43(2):255-59.

Tian, L. and Zheng, J.  2000.  Dynamic Deposition Pattern Simulation of Modulated Spraying.  Transactions of the ASAE.  Vol. 43(1):5-11.

Whitney, R., 1997.  DropletScan™ Operators Manual, WRK and DSI.

Williams, W., Gardisser, D., Wolf, R., and Whitney, R., 1999.  Field and Wind Tunnel Droplet Spectrum Data for the CP Nozzle.  American Society of Agricultural Engineers/National Agricultural Aviation Association.,  Reno, NV. Paper No. AA99-007.

Wolf, R., Gardisser, D., and Williams, W., 1999.  Spray Droplet Analysis of Air Induction Nozzles Using WRK DropletScan™ Technology.  American Society of Agricultural Engineers International Meeting, Toronoto, CA., Paper No. 991026.

Wolf, R., 2000.  Extension Fact Sheet - Equipment to Reduce Spray Drift.  Application Technology Series.  Kansas State University, Biological and Agricultural Engineering Department.  MF-2445.  March.
Wolf, T. 1999.  Fact Sheet – Making Sense of New Nozzle Choices.  Agriculture and Agri-Food Canada, Saskatoon Research Centre.

Womac, A.R., Goodwin, J.C., & Hart, W.E., 1997. Tip Selection for Precision Application of Herbicides, University of Tennessee CES, Bulletin 695.































































1
4

