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Summary:
The majority of agricultural aerial spray aircraft in the United States use CP nozzles - which provide the ability to create several different nozzle setups. Field and wind tunnel droplet spectrum statistics for the CP nozzle help to provide a practical way of measuring spray patterns and drift potential for each of these situations.

The wind tunnel models developed by I.W. Kirk with USDA, Texas provide a good basis for the selection of CP nozzle orientation.  Operators can determine possible droplet characteristics by entering in variables such as the nozzle orifice size and orientation, spray pressure, and air speed.  Effective aerial application of liquids is also dependent on a variety of other weather and application conditions.  Evaluating spray droplet data from field applications addresses these issues.  While using  the CP models for initial setup is recommended, the utilization of a relatively quick and simple field evaluation of the total droplet spectrum being emitted from an aircraft may also be a very useful tool.

Drop size data measured and recorded by any field spray measurement system, such as the DropletScan™ system, represents the drop related data at the instant of impact, thus providing drop data which can be directly related to efficacy or drift prediction analysis.  Collection of field spray droplet measurements helps in label compliance with droplet size requirements, in measuring differences in operating and setup parameters, and in providing the best nozzle setup for the reduction of fines.

This report compares data for the CP nozzle from the spreadsheet developed by I.W. Kirk and field data taken with the WRK DropletScan™ system. A pro and con discussion is presented for these techniques.
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Introduction

Nozzle design characteristics and how the nozzle is used are the most important components of application technology. (Fertig,1991)  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.

An innovation in hydraulic nozzles, the CP nozzle was introduced to the agricultural aviation industry in 1991 and it has become the most widely used nozzle in the industry.  It was the first nozzle designed for aircraft use to minimize fine droplets and greatly reduce drift. (Collins,1991)  The CP nozzle was developed for flexibility allowing applicators to choose from selected orifices and corresponding deflector plates.

A model was developed by I.W.Kirk (1997, 1998), the CP model, which permits applicators to estimate droplet size from CP orifice and deflector settings, spray pressure, and airspeed.  At the same time, the DropletScan( technology was being used throughout the industry to analyze the droplet characteristics from aerial applications.  With both technologies in use, it is necessary to establish the characteristics of each to determine their combined value to the aerial applicator.

Data Collection

DropletScan™

DropletScan™ is a software program that will allow accurate and rapid measure of spray droplet impressions on water sensitive paper. (Wolf, et.al.,1999)  This program may also be used with any other material that provides a good color contrast (i.e. white surfaces and dark dyes).  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 (DV0.5, Volume Median Diameter), V0.1, and V0.9 are automatically calculated for the average of all cards in a set and each sample card scanned.

A printout with a histogram of all drop sizes (by droplet number count 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.

The system was designed after CrumbScan, a software program developed by Devore Systems Incorporated at Manhattan, Kansas, which can evaluate hole sizes in slices of bread and relate the findings to flour and baking quality.

Elaborate testing has been conducted to determine the accuracy of the DropletScan( system.  Comparisons against known image 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, DropletScan() compared favorably with an 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.

The resolution of the scanner is such that stains as small as 50 microns or smaller in diameter can be measured.  Drops this size are too small to be seen without the use of magnification.  Since the smaller droplet portion of the spray spectrum is important to consider for drift management, this software system can thus provide valuable information relative to drift potential.  The droplet size data measured and recorded using the DropletScan( system accurately represents the drop sizes which impact the witness card.

The drop volume measured using DropletScan(, and other similar techniques, is very sensitive to spread factor.  The droplet spread factor is difficult to determine for each material and collection material.  The problem is most pronounced with larger droplets however, and should not result in a significantly large error with driftable fine measurements.

The main process involves the acquiring of images from the water sensitive paper, or other dye spotted collectors having a color contrast between spots and background. The image is a representation of the droplets that actually impact on the card, which may not always be the exact same spectrum being emitted at the nozzle orifice. The collectors are placed on the scan bed, and a two-step acquisition occurs.  The first scan pass is at low resolutions and is used to locate the spot card position and provide a preview image to the computer screen.  The number of spot cards shown must equal the number of cards on the scanner bed.  The spacing and ordering of the cards is critical.  If the cards are too close together, the scanner may interpret two cards as one.  The second pass follows the display of the preview scan and is taken from a predetermined area within each spot card.  The region to be scanned should not be on the spot card edge and should avoid any unusual drops.  The software allows for adjustments to the scanned area designated by a blue outline.  Droplet information used for drop statistics is taken from the area inside the outlined boxes.

The operator can enter data and comments regarding the collection including weather and other critical spray pass information that will be recorded on the final printouts.  Several different report options are available.  Typical reports will include coverage (% area), deposition (volume/area), histograms, images of cards, calculated best swath, minimum swath, and vertical and horizontal drift or swath displacement.

CP Model

An agricultural aircraft spray nozzle test facility was used to conduct the study with a nylon CP nozzle and low angle CP nozzle. (Kirk,1997 and 1998) Nozzles were mounted in a high speed airstream and located so that the resulting spray plume was centered horizontally and vertically to the airstream.  The nozzle was mounted on a drop tube that was attached to a brass diaphragm check valve.  The check valve was attached to a section of streamlined aircraft spray boom.  Spray pressure to the nozzle was developed with an engine driven centrifugal pump controlled with engine speed and a pressure regulator.  Spray liquid for all tests was tap water with 0.25% v/v Triton X-100, a non-ionic surfactant.  Airspeed was developed by a centrifugal fan, controlled by engine speed, and measured in the airstream with a pitot tube and an aircraft airspeed indicator.

A PMS laser spectrometer system was used to collect atomization data.  The probe was mounted on a motorized traverse system that facilitated scanning the spray plume.  The laser imaging zone was 0.74m downwind from the nozzle orifice.  The probe collected atomization data on horizontal scans of the spray plume at 1/8, 3/8, 5/8, and 7/8, of the spray plume height.  The number of droplets imaged in a trial or treatment run that included these four scans ranged from 7,000-15,000.

Materials And Methods

The following DropletScan( statistics are from 186 selected field data samples taken at calibration clinics performed by WRK of Arkansas and WRK of Oklahoma during 1998-1999.  Only 111 of the 186 aircraft, have been documented in this report.

     Table 1 Types of Aircraft Used in DropletScan( Tests.

	Aircraft Type
	#
	Aircraft Type
	#
	Aircraft Type
	#
	Aircraft Type
	#

	AgCat
	14
	AT402
	7
	Weatherly
	3
	Cessna 188
	2

	AT301
	4
	AT502
	50
	Thrush
	14
	Not Documented
	75

	AT401
	4
	AT602
	8
	Brave
	5
	
	


The average temperature for the DropletScan tests was 200C(680F) with a minimum of 20C(360F) and the maximum temperature of 410C(1050F).  The wind speeds ranged from 0 to 27km/h(17mph) with an average of 10 km/h(6 mph).  The relative humidity ranged from 44 to 90 with an average of 75.

The water sensitive cards were placed at ground level under the airplane perpendicular to the flight path (Figure 1). Deposition on the spot cards represent a single aircraft pass at heights from 10-15 feet above the surface of the cards. Water was mixed with Rhodamine WT dye for string analysis along with droplet analysis. Typical mix rates for the Rhodamine WT were ~ 160ppm.
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Figure 1 Pattern Test Flight Path for DropletScan 
The cards were placed on small wooden blocks for support and were secured at a 30-degree angle facing the wind direction.  After cards were allowed to dry, they were collected to be analyzed.  All cards were analyzed on the same day as collection.  Once at the analysis center, the cards were scanned using WRK’s DropletScan( system and printouts for deposition and coverage were given to the pilots for review.
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Figure 2 Water sensitive card on block.

All data for DropletScan( was taken from each individual report.  Although many statistics are given in the report, the easiest statistic to compare to the CP model DV0.5 was the VMD or Volume Median Diameter.

All data was transferred to Microsoft Excel( and plotted along with the data taken from the CP model. CP model data was charted by airspeed from 100 to 160 mph at 10 mph intervals.  The DropletScan( data was then added and a trendline was established for the DropletScan( numbers.  The trendline was included for easy comparison of the DropletScan( numbers to the CP model.

Results And Discussion

Some examples of the CP model and DropletScan( data are represented below in graphical form. The data sets that had more occurrences in them also had a trendline that closely matched the line for the CP model.
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In Figure 3, all eleven DropletScan(  tests had a VMD or a DV0.5 greater than that of the CP model.  When a trendline was added for DropletScan(, the trend was slightly less than parallel to the CP model data.  

Figure 3 is an average representation of the CP model and DropletScan( test comparisons.  Most comparisons had anywhere from 3 to almost 30 DropletScan( tests represented. With more tests, in Figure 8 for example, the trendline of each comparison would probably be closer aligned with the CP model. 

Figure 4 is an example of a data set that had only one DropletScan( test.  Although this one test falls directly in the CP model data, most DropletScan tests had a VMD (DV0.5) greater than the CP model.  Out of the 186 DropletScan( tests, only 5% (9 tests) had values below the CP model data.
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[image: image8.wmf]CP 0.172, 30 deflector, 22 psi
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Both Figures 5 and 6 show trendlines comparable to the CP model.  Even though Figure 5 had a greater variation in test results, the trend still parallels the CP model results.  In Figure 7, the DropletScan(  test with the largest VMD or DV0.5 also had a wind speed of 5 km/h (9mph) as compared to the average of 2 km/h (4 mph) in the other tests.  This shows that field conditions can have an important influence on application results.  


While other comparisons may not have had enough data to form an established trendline, it was recognized that the CP model charted at a lower VMD or DV0.5 than did the DropletScan(.  This may be due to several reasons.  First, DropletScan( may not be recognizing the smaller droplets because they are being masked by larger droplets. DropletScan™ can only view those particles that impact onto the cards – which may not be all that are emitted from the nozzle orifices.  DropletScan( has built in algorithms which will recognize oddly shaped droplets as two or three smaller droplets depending on the curvature of this large droplet.


Sometimes though, a small droplet can be completely masked by larger droplets.  For example, Droplet 1of Figure 9 has a small droplet which is completely masked by the larger droplet, thus the VMD would be greater for this drop image since the image is made from the liquid of two separate droplets.  Droplet 2 is a large droplet and depending on how DropletScan( recognizes the curvature, it might be recognized as one large droplet and two smaller ones.  But, it is revealed that the large droplet in fact is composed of one large droplet and four smaller ones.  To understand the curvature look at Droplet 3.  It has a small curvature and might be recognized as one very large droplet instead of two droplets as seen in Droplet 4.  DropletScan( must be able to recognize at least half of the droplet to correctly identify it. Droplet masking is most severe with heavier application rates.

Another issue is wind which is known to increase the deposition on the cards. High winds sometimes result in application rate estimates greater than 100% of the application rate. This is believed to be because of air transport of several droplets past the cards.  The air stream in the field, which deposited the drops on the spot cards analyzed for this study, may have been better aligned with the flow of spray than in the wind tunnel.  This may result in less shear and be another reason for a higher VMD with DropletScan(.

Conclusions

New labels for agricultural chemical sprays will likely require that applications be made with specified droplet sizes. (Kirk,1999)  Using models such as the CP Model recommendations are an important step in obtaining the applicator’s droplet size goals.  Although the CP Model can suggest what droplet size will occur with a specific setup, it may not be what is actually being applied. Field evaluations add in the other variables and an extra evaluation dimension. Using a field analysis tool, such as DropletScan(, can give the applicator a very good estimate and help provide a better understanding of what droplet size is occurring. Any scanning tool like this has limitations because the result is based on the actual image. The image may be confounded with a variety of variables such as collection efficiency, droplet masking, spread factors, software limitations, and others.  Armed with this information, operators can better configure their aircraft to optimize a variety of field and weather conditions.
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Figure 3 CP 0.078, 300 deflector, 30psi.





Figure 4 CP 0.125, 00 deflector, 30psi.





Figure 5 CP 0.125, 300 deflector, 30psi.





Figure 6 CP 0.125, 550 deflector, 40psi.





Figure 7 CP 0.172, 300 deflector, 22psi.





Figure 8 CP 0.172, 300 deflector, 30psi.





Figure 9 Examples of overlapping droplets.








