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Application TechnologyApplication TechnologyApplication TechnologyApplication Technology

 Atomization ImpactionAtomization Impaction Atomization                            ImpactionAtomization                            Impaction

Water, still air, TeeJet 8003 Impaction on poinsettia leaf
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The Dose Transfer ProcessThe Dose Transfer Process
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IntroductionIntroductionIntroductionIntroduction

What is the maximum droplet size thatWhat is the maximum droplet size thatWhat is the maximum droplet size that What is the maximum droplet size that 
does not penetrate an oil slick?does not penetrate an oil slick?

Oil compositionOil compositionOil compositionOil composition
 Physical PropertiesPhysical Properties
 Impaction energyImpaction energy
 Slick ThicknessSlick Thickness
 ScaleScale



The Right ScalesThe Right ScalesThe Right ScalesThe Right Scales

 TimeTime TimeTime
 Size and VolumeSize and Volume

AA AreaArea



TimeTime
 The impaction process on a hard surfaceThe impaction process on a hard surface

Impaction, deformation, and initial recovery of a 330 m diameter water droplet impacting a glass surface.
Time interval  between successive frames 0.1 ms.



Size and VolumeSize and VolumeSize and VolumeSize and Volume

Number perNumber per
Diameter (m) Volume (l) Gallon

10 0.00000052 7.23E+12
50 0 00006545 5 78E 1050 0.00006545 5.78E+10

100 0.00052360 7.23E+09
500 0.06544985 5.78E+07
1000 0.52359878 7.23E+06
1500 1.76714587 2.14E+06



AreaAreaAreaArea

Droplets per cmDroplets per cm22 given an application rategiven an application rateDroplets per cmDroplets per cm given an application rate given an application rate 
of 1 gallon per acreof 1 gallon per acre

Number per Number
Diameter (m) Gallon cm2

10 7 23E+12 1 79E+0510 7.23E+12 1.79E+05
50 5.78E+10 1.43E+03
100 7.23E+09 1.79E+02
500 5.78E+07 1.43E+00

1000 7.23E+06 1.79E-01
1500 2.14E+06 5.29E-02

563 m will provide 1 droplet per cm2



Laboratory setLaboratory set--upupLaboratory setLaboratory set upup



OptionsOptionsOptionsOptions

Droplets could act as marbles penetratingDroplets could act as marbles penetratingDroplets could act as marbles, penetrating Droplets could act as marbles, penetrating 
and continuing into the water column.and continuing into the water column.

Droplets could shatter upon impactDroplets could shatter upon impactDroplets could shatter upon impact, Droplets could shatter upon impact, 
thereby mixing with the water column.thereby mixing with the water column.
D l t ld t i h i fl t dD l t ld t i h i fl t dDroplets could retain cohesion, float, and Droplets could retain cohesion, float, and 
remain at the waterremain at the water--oil interface.oil interface.



Penetration: Glass spheresPenetration: Glass spheresPenetration: Glass spheresPenetration: Glass spheres
 No chemical interactionsNo chemical interactions
 No physical interactionsNo physical interactions
 Surface deformation and recoverySurface deformation and recovery Surface deformation and recoverySurface deformation and recovery

E

F
A: Time zero, bead is just above surface
B: Maximum width of displacement
C: Glass bead continues down and the filament 

A B C D

connecting bead to surface is thinnest.
D: A thin stream of liquid is seen above surface
E: Initial droplets continue up beyond the picture 
frame.
F: Ligament is at maximum extension and droplets 
form along its entire length.

0.079 0.099

Time in Seconds

0.000

0.016 0.022 0.029 0.079 0.099



Chemical interactionsChemical interactions
 Physical interactionsPhysical interactions
Droplet CohesionDroplet Cohesion 3 21 mm 9500 into 2mm soybeanpp

A B C D E F G

3.21 mm 9500 into 2mm soybean

0 0.020 0.085 0.103 0.153 0.315 0.634
3.42mm 9527 into water

A B C D E F G H

0 0.021 0.104 0.122 0.184 0.215 0.256 0.430



The Impaction ProcessThe Impaction ProcessThe Impaction ProcessThe Impaction Process

No Oil Soybean Oil 0 3mm Fuel OilNo Oil Soybean Oil 0 3mm Fuel OilNo Oil         Soybean Oil      0.3mm Fuel OilNo Oil         Soybean Oil      0.3mm Fuel Oil



Dispersant Impaction into WaterDispersant Impaction into WaterDispersant Impaction into WaterDispersant Impaction into Water

 All material rises to the surfaceAll material rises to the surface All material rises to the surfaceAll material rises to the surface

95009500 95279527A B C D E F G
Corexit 9500

H

Temperature (C) Temperature (C) 3030 3030

Droplet Size (mm)Droplet Size (mm) 1.331.33 1.041.04

Velocity (m sVelocity (m s--1)1) 2.572.57 4.264.26

% of Terminal V% of Terminal V 52%52% 97%97%

Energy (uJ)Energy (uJ) 3.913.91 5.245.24

E / (JE / (J 2)2) 2 802 80 6 166 16

0 0.011 0.051 0.053 0.112 0.294 0.514 0.680

A DC E F G H
Corexit 9527

B Energy/area (J mEnergy/area (J m--2)2) 2.802.80 6.166.16

Max Depth (mm) in BMax Depth (mm) in B 5.345.34 5.015.01

Max Height (mm) in CMax Height (mm) in C 7.157.15 5.305.30

A DC E F G HB

Time in Seconds

0 0.010 0.044 0.048 0.097 0.224 0.405 0.762

Video #2



Impaction EnergyImpaction Energy
A 3.37 and a 3.32 mm droplet of Corexit 9500 impacting a 0.5 mm ISO380 slick from 
107 and 30 cm respectively.

Height 107 cm
A B C D E G H I J K L M

0 0 007 0 021 0 034 0 100 0 174 0 183 0 212 0 221 0 304 0 383 1 089

107107 3030

Temperature (C) Temperature (C) 1919 1818

Droplet Size (mm)Droplet Size (mm) 3.373.37 3.323.32
A DC E F MG H L

0 0.007 0.021 0.034 0.100 0.174 0.183 0.212 0.221 0.304 0.383 1.089

Height 30 cm

Velocity (m sVelocity (m s--1)1) 5.445.44 2.692.69

% of Terminal V% of Terminal V 66%66% 33%33%

Energy (uJ)Energy (uJ) 281.54281.54 67.9667.96

Energy/area (J mEnergy/area (J m--2)2) 31.5931.59 7.837.83

Max Depth (mm) in CMax Depth (mm) in C 20.3420.34 9.729.72

Max Height (mm) in EMax Height (mm) in E 16.3316.33 14.7014.70

Time in Seconds
0 0.015 0.029 0.068 0.091 0.136 0.208 0.338 0.502



ConclusionConclusionConclusionConclusion

 Droplets up to 1000Droplets up to 1000 m will not penetrate an oilm will not penetrate an oil Droplets up to 1000 Droplets up to 1000 m will not penetrate an oil m will not penetrate an oil 
slick and disperse into the underlying water slick and disperse into the underlying water 
column. They do not have the energy.column. They do not have the energy.

 This is a conservative estimate because it does This is a conservative estimate because it does 
not take into account the energy absorption by not take into account the energy absorption by 
the oil slick and does not account for any oil in the oil slick and does not account for any oil in 
the slick coating the penetrating droplet.the slick coating the penetrating droplet.
O i d f b fO i d f b f Our estimate does not account for subsurface Our estimate does not account for subsurface 
turbulence at the oilturbulence at the oil--water interface.water interface.



End of PresentationEnd of Presentation
S A di 1S A di 1Start Appendix 1Start Appendix 1

 The following is atomization as a mixtureThe following is atomization as a mixture The following is atomization as a mixture The following is atomization as a mixture 
design: 8 slidesdesign: 8 slides



Developing a ModelDeveloping a ModelDeveloping a ModelDeveloping a Model

Dose does not equate to efficacy in any simple way in 
our greenhouse studies.

Are there missing components to the dose- response 
model?



A Digression: Mixture DesignsA Digression: Mixture DesignsA Digression: Mixture DesignsA Digression: Mixture Designs

General Relationship: the total is the sum of the parts 
%V1+%V2+%V3+…+%Vn = 100%

500 ml Water
500 ml Ethanol + 500 ml Ethanol  = 500 ml Water

1000 ml Ethanol
Factorial
Model

50% Water
50% Ethanol + 500 ml Ethanol  = 33% Water

66% Ethanol
Mixture
Model



Atomization: A Mixture Design?Atomization: A Mixture Design?Atomization: A Mixture Design?Atomization: A Mixture Design?



Assuming monosized droplets

NCrQuantity 3

3
4







 

The relationship needs to be additiveThe relationship needs to be additive

)log()log()log(3)log( CNrQuantity 



Graphing The Mixture ModelGraphing The Mixture ModelGraphing The Mixture ModelGraphing The Mixture Model
100% Number

Centroid
Increasing concentration

Increasing size

100% Size 100% Concentration100% Size 100% Concentration

Increasing number



Effect of Toxicant DistributionEffect of Toxicant DistributionEffect of Toxicant DistributionEffect of Toxicant Distribution

1) Pesticide Dose Simulator (PDS) Model: strategic model1)   Pesticide Dose Simulator (PDS) Model: strategic model 
simulating a chewing insect herbivore feeding on leaves 
treated with discrete toxicant deposits. The model was 
originally tested using Diamondback moth feeding on 
cabbage.

2)   Cabbage looper feeding on cabbage treated with fipronil) g p g g p



Range in EfficacyRange in Efficacy
PDS Model Bioassay

Range in EfficacyRange in Efficacy

Replication 13000 96
Range in Efficacy with 
no change in quantity 18 to 95% 9% to 70%no change in quantity.

ta
lit

y Maximum Mortality

Minimum Mortality
Average Mortality100

en
t M

or
t

80
60
40
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rc 40

20
0

Simulation Time in Minutes
0 1000 3000 5000 7000 90000



PDS Model ResultsPDS Model ResultsPDS Model ResultsPDS Model Results

Number
0-8%

Percent Mortality

8-16%
16-26%
26-36%
36-47%

47-58%
58-71%
71-85%

Size Concentration

85-100%



Bioassay ResultsBioassay ResultsBioassay ResultsBioassay Results

P M li Size: 160 to 2436 mm
Number: 1 to 1800
Concentration: 0.3 g/l to pure formulationNumber

12
13
16

Percent Mortality

16
18
21
24
2828
32
37
43
50
59
68
77
92

Size Concentration



ConclusionConclusionConclusionConclusion

1) Toxicant distribution can be modeled as a mixture of:
a) Size of Droplets
b) Numbers of Dropletsb) Numbers of Droplets
c) Toxicant concentration

2) Toxicant distribution significantly affects efficacy.
3) Optimal distribution is a few very toxic deposits3) Optimal distribution is a few very toxic deposits.
4) How does oil droplet size influence toxicity to 

marine ecosystems?
5) How does oil droplet size influence colonization and 

degradation rates?


