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Focus on aerial applicationFocus on aerial application
but TRUE for all application equipmentbut TRUE for all application equipment



TodayToday’’s Goals Goal

 Job of the plane to Job of the plane to 
deliver insecticides, deliver insecticides, 
herbicides and herbicides and 
fungicides efficientlyfungicides efficiently

 Assess spray pattern and droplet Assess spray pattern and droplet 
spectrum at flyspectrum at fly--insins

 Why care?Why care?



Application
Triangle

Adapted from Ken Giles, UC Davis

Productivity

Efficacy Off Site
Concerns



Efficacy and Drift Management 

Rely on Calibration for: 

1.Droplet spectrum

2.Spray pattern uniformity

3.Spray volume application



What influences the droplets What influences the droplets 
and spray pattern created by and spray pattern created by 

airplanes?airplanes?



Factors Affecting Pattern/Droplets

Spray CharacteristicsSpray Characteristics
 chemicalchemical
 formulationformulation
 additivesadditives
 evaporationevaporation

Equipment & ApplicationEquipment & Application
 nozzle type nozzle type ‐‐ deflectiondeflection

 nozzle size & pressurenozzle size & pressure

 height of releaseheight of release

 aircraft speedaircraft speed

 airflow obstructionsairflow obstructions
WeatherWeather

 air movement (direction  and velocity)air movement (direction  and velocity)

 temperature and humiditytemperature and humidity

 air stability/inversionsair stability/inversions

 topographytopography



Agricultural AircraftAgricultural Aircraft

Thrush, Albany, GA

Air Tractor - Olney, TX

Cessna
Dromader, Poland

Piper Brave

Ag Cat

Bell 47

Air Tractor AT802



Engine Types, Propeller Engine Types, Propeller 
Rotation/LengthRotation/Length

Radial Turbine
Piston

Orenda



System Components:System Components:

 pump, tank, hose, boom, filters, pump, tank, hose, boom, filters, 
regulators, controllers, and nozzlesregulators, controllers, and nozzles

 tank: emergency dump, site gauge, tank: emergency dump, site gauge, 
air vent, agitation systemair vent, agitation system

 pump: centrifugalpump: centrifugal
 propeller or hydraulic drivenpropeller or hydraulic driven

 electronicselectronics

Equipment must be capable of lifting, 
transporting, and dispensing pesticides



Boom length/locationBoom length/location



Boom:Boom:  75% of wingspan or less and no longer 75% of wingspan or less and no longer 
than 80% rotor lengththan 80% rotor length

 Behind and below wing Behind and below wing 

 Unbalanced spacing across the boomUnbalanced spacing across the boom

 Must have check valves on nozzlesMust have check valves on nozzles

 Boom and pressure control:Boom and pressure control:
 Positive and quick shutPositive and quick shut‐‐off off 



Drop Boom:Drop Boom:

Boom Hangers





Flow ControllerFlow Sensor

Pattern Obstructions:Pattern Obstructions:





CP Swivel:CP Swivel:

 Quick change angle device

 15 degree increments

 Flexibility to increase the angle of attack

 Will this influence the droplet spectrum?



What about the nozzle?



Nozzles are important because:Nozzles are important because:

 Control Control delivery ratedelivery rate –– GPAGPA

 Determine Determine uniformityuniformity of applicationof application

 Affect Affect coveragecoverage

 Influence Influence driftdrift
potentialpotential



FlyFly‐‐in Workshops:in Workshops:



Operation S.A.F.E.Operation S.A.F.E.
 SelfSelf--Regulating Regulating 

Application and Application and 
Flight EfficiencyFlight Efficiency
 Certified AnalystsCertified Analysts
 Education programEducation program
 Application analysis Application analysis 
 Commitment to the principles outlined by the Commitment to the principles outlined by the 

NAAA Board of Directors which includes:NAAA Board of Directors which includes:
Demonstrate responsibility to minimize the Demonstrate responsibility to minimize the 

potential for adverse health and environmental potential for adverse health and environmental 
effects from applying crop protection effects from applying crop protection 
chemicals.chemicals.

T. Hoffmann, WSDA



Operation S.A.F.E.



S.A.F.E. FlyS.A.F.E. Fly--in Workshopin Workshop
 Swath/Pattern and droplet analysis Swath/Pattern and droplet analysis –– open to all open to all 

licensed operators or agricultural aviatorslicensed operators or agricultural aviators
 Requested and managed by stateRequested and managed by state’’s aerial s aerial 

applicator associationapplicator association
 Active & Certified S.A.F.E. AnalystsActive & Certified S.A.F.E. Analysts

 Carol Ramsay, WSUCarol Ramsay, WSU

 Tom Karsky, Univ. of IdahoTom Karsky, Univ. of Idaho

 Bob Wolf, Kansas State UniversityBob Wolf, Kansas State University

 Dennis Gardisser, WRK of ArkansasDennis Gardisser, WRK of Arkansas

 Scott Bretthauer, Univ. of IllinoisScott Bretthauer, Univ. of Illinois



AnalysesAnalyses
 Spray Pattern AnalysisSpray Pattern Analysis
 Fluorescent dyeFluorescent dye
 3 flight passes over 3 flight passes over 

string collectorstring collector
 Run string through fluorometerRun string through fluorometer
 Computer generates graphs and Computer generates graphs and 

analysis of relative deposition on stringanalysis of relative deposition on string
 Individual passes and Average of passesIndividual passes and Average of passes
Variation between highs and lowsVariation between highs and lows



AnalysesAnalyses
 Droplet Spectrum AnalysisDroplet Spectrum Analysis
 Single pass collection Single pass collection 

7 water sensitive cards7 water sensitive cards
3 inches x 1 inch3 inches x 1 inch

 4242--foot swath samplefoot swath sample
 Flatbed scannerFlatbed scanner
 Computer programComputer program

Measures drop sizes, number of droplets Measures drop sizes, number of droplets 
and relative volumeand relative volume

CV for best swath widthCV for best swath width



Operation S.A.F.E. Flight‐line

7 cardsString

Need staff on flight line – WSDA assists



Fly‐in data sheet
 Nozzle type, size, number, deflection, Nozzle type, size, number, deflection, 
airspeed, pressure, target rate & swathairspeed, pressure, target rate & swath



3 Passes, then Analyze



Fluorometer Assessment



Pattern Data







Individual passesIndividual passes

Relative deposition – not GPA deposition: 0 to 100%

Left Right
Center

Aircraft is flying INTO paper



Averaged patternAveraged pattern



Averaged patternAveraged pattern

Larger view of averaged pattern

Aircraft flying into paper



Spray pattern analysisSpray pattern analysis



Spray pattern analysis

Relative deposit not GPA



Spray pattern analysis



Spray pattern analysis

Aircraft is flying 
into paper

Aircraft is flying 
into & out of 
the paper

Use B&F pattern if testing under strong crosswind conditions



Spray pattern analysis

Max. acceptable CV is 25%; 
under 15% is very good

Indicates acceptable swath 
width

Computer model for volume 
median diameter (VMD) and 
% small, driftable droplets.

CV = Coefficient of Variation



You should expect 
a GOOD pattern 
with minimal deposition 
variation (highs & lows)

Average Pattern
CV under 25%, 
even better if 
lower



Droplet Analysis with

DropScan™ software

Purchased by Washington State 

Department of Agriculture for WSU



Spray Droplet Determines Efficacy
 Need knowledge of the product Need knowledge of the product 
being used.being used.

 Herbicide, Fungicide, InsecticideHerbicide, Fungicide, Insecticide

 Systemic or ContactSystemic or Contact

 What is the target?What is the target?

 Soil, Grass, Broadleaf Soil, Grass, Broadleaf 

 Leaves smooth, hairy, waxyLeaves smooth, hairy, waxy

 Leaf orientation Leaf orientation –– time of daytime of day

 Penetration into canopyPenetration into canopy



1/2 of spray volume = larger droplets

VMDVMD

1/2 of spray volume = smaller droplets
Volume Median Diameter



Volume Diameters  ‐ size at
VD 0.1 – 10%,    VMD – 50%,    VD 0.9 ‐90%

Operational 
Area



Relative SpanRelative Span

RS = (Vd.9 RS = (Vd.9 –– Vd.1)/VMDVd.1)/VMD

Vd.9 = 400, VMD = 300, Vd.1 = 100

Vd.9 = 625, VMD = 300, Vd.1 = 25



Source: Crop Life – July 2002

>150

151-
250

251-
350

351-
450

451-
550

>551

Herbicides

Insecticides, Fungicides



Droplet Size
When applying sprays that contain 2,4-D as the sole active ingredient,
or when applying sprays that contain 2,4-D mixed with active ingredients
that require a Coarse or coarser spray, apply only as a Coarse or 
coarser spray (ASAE standard 572) or a volume mean diameter or 385
microns or greater for spinning atomizer nozzles.

When applying sprays that contain 2,4-D mixed with other active
ingredients that require a Medium or more fine spray, apply only as
a Medium or coarser spray (ASAE standard 572) or a volume mean
diameter of 300 microns or greater for spinning atomizer nozzles.



Select Droplet Size for Task
Efficacy of a particular plant protection product is 
dependent on coverage



Nozzle ManufacturersNozzle Manufacturers’’ WebsitesWebsites



Droplet Data from CP Products Web Site









USDA Aerial Nozzle Atomization Models
The models are implemented in Microsoft® Excel® computer 

spreadsheets and are available  for download at:
http://apmru.usda.gov/downloads/downloads.htm



 CP-03 NOZZLE
FOR USE ON FIXED-WING AIRCRAFT

AERIAL APPLICATORS SPRAY NOZZLE HANDBOOK
USDA ARS AGRICULTURAL HANDBOOK NO. XXX

I. W. Kirk, Agricultural Engineer, Areawide Pest M anagement Research Unit ,
Southern Plains Agricultural Research Center, Agricultural Research Service, U. S. Department of  Agriculture, 2771 F&B Road, College Stat ion, TX 77845-4966, USA.

G Directions: Enter CP-03 nozzle settings, pressure, and airspeed in the cells highlighted below.

N      (Atomization parameters are valid only with nozzle and operational settings specified in the Acceptable Range.)

 I    Orifice Size,     Deflector Angle,   Pressure,   Airspeed, 

W    inches   degrees psi mph

 - Acceptable Range:     .061 to .171 30 to 90 20 to 60 100 to 160

D 0.125 30 60 130

E Atomization parameters are displayed in the box below.

X CAUTION: Do not enter or clear data in the cells in this box! 

 I DV0.5 = 301 µm  = Volume median diameter

F RS = 1.01  = Relative Span
%V<100µm = 6.62 % = Percentage of spray volume in droplets smaller than 100 µm diameter.
%V<200µm = 17.51 % = Percentage of spray volume in droplets smaller than 200 µm diameter.

DSC = MEDIUM  = ASAE S572 AUG99 Droplet Spectra Classification
Values and classif ications reported here are least-squares best-estimate predictions from experimental data collected in a w ind tunnel.

Values reported from other laboratories may not yield the exact same values, but similar trends w ould be expected.
The ASAE droplet spectra classif ication category is based on droplet sizes in the mid-80% of the spectrum and not a single data point.

Trade names are mentioned solely for the purpose of providing specif ic information.  M ent ion of a trade name does not const itute a guarantee or warranty of the product by the
U. S. Department of  Agriculture, and does not imply endorsement of  the product over other products not ment ioned.

USDA Aerial Nozzle Atomization Models



Operation S.A.F.E.



DropletScanDropletScan



Droplet Spectra from Aircraft
 Composite resultsComposite results

 VMD = 510VMD = 510

 VD(0.1) = 252VD(0.1) = 252

 VD(0.9) = 727VD(0.9) = 727

 GPA = 9.30GPA = 9.30

 Target Rate (GPA): 5Target Rate (GPA): 5

 Target Swath (Ft): 85Target Swath (Ft): 85

 Application Height (Ft): 13Application Height (Ft): 13

 Ground Speed (MPH): 106Ground Speed (MPH): 106

 Wind Velocity (MPH): 17Wind Velocity (MPH): 17

 Wind Direction(deg.): 160Wind Direction(deg.): 160

 Temperature (F): 69.1Temperature (F): 69.1

 Humidity (%): 29Humidity (%): 29



Droplet Spectra from Aircraft
 Composite results

 VMD = 329

 VD(0.1) = 196

 VD(0.9) = 467

 GPA = 2.042

Target Rate (GPA): 5
Target Swath (Ft): 80
Application Height (Ft): 15
Ground Speed (MPH): 140

Wind Velocity (MPH): 10
Wind Direction(deg.): 220
Temperature (F): 85.2
Humidity (%): 15



Droplet size recommendationsDroplet size recommendations
 VMD usually should be in 300VMD usually should be in 300‐‐350 micron range350 micron range

 A smaller VMD required for lower GPA ratesA smaller VMD required for lower GPA rates

 VD(0.1) > 200 microns VD(0.1) > 200 microns –– reduce the risk of driftreduce the risk of drift

 VD(0.9) < 600 microns VD(0.9) < 600 microns –– prevent large dropletsprevent large droplets
that can reduce coverage by consuming large that can reduce coverage by consuming large 
portions of the total volumeportions of the total volume

 RS RS –– relative span relative span ‐‐ should be around 1 should be around 1 ‐‐
provides suitable variation for differences in provides suitable variation for differences in 
target structure (span between LARGE and target structure (span between LARGE and 
SMALL dropletsSMALL droplets



Droplet size recommendationsDroplet size recommendations

 VD 0.1 VD 0.1 –– lower 10% of lower 10% of 
volume droplet limitvolume droplet limit
 200 microns or greater 200 microns or greater 

for herbicidesfor herbicides
 285285--300 microns 300 microns --

insecticides/fungicidesinsecticides/fungicides
 300300--325 microns 325 microns --

contact fungicidescontact fungicides



Individual card analysisIndividual card analysis

1

2

3

4

5

6 6

5

4

3

2

1

Percent Volume Number of Drops



You should expect 
a EFFICACIOUS 
droplet spectrum
efficient coverage, drift 
minimization



NAAA MembershipNAAA Membership

 ProgramProgram’’s designed to help your s designed to help your 
application businessapplication business

 Strong presence in WDCStrong presence in WDC
 Education and Safety TrainingEducation and Safety Training

 PAASSPAASS
 S.A.F.E.S.A.F.E.
 Leadership TrainingLeadership Training
 Pilot MentoringPilot Mentoring

 Support Aerial ResearchSupport Aerial Research
 MagazineMagazine
 Meeting and Trade ShowMeeting and Trade Show



Disclaimer:Disclaimer:

 Brand names appearing in this presentation Brand names appearing in this presentation 
are for identification and illustration purposes are for identification and illustration purposes 
only.only.

 No endorsement is intended, nor is criticism No endorsement is intended, nor is criticism 
implied of similar products not mentioned. implied of similar products not mentioned. 



Why Care?Why Care?
 Efficiency with Efficiency with 

quality sprayquality spray

 Label languageLabel language

 Buffer variancesBuffer variances

 Droplet size for efficacy Droplet size for efficacy 
and drift minimizationand drift minimization

 LitigationLitigation

 CompetitionCompetition

 Professional EthicsProfessional Ethics



Fly‐in Certified Analysts
Used presentation materials from Bob & Scott

Carol Ramsay, WSU Dennis Gardisser
WRK of Arkansas

Scott BretthauerScott Bretthauer
Univ. of IllinoisUniv. of Illinois

Bob Wolf, KSUTom Karsky, 
Univ. of Idaho

Carolyn Baecker
CP  Products, Inc.



Any Questions? More details at:
www.agaviation.org & www.wrkofar.com


