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EducaIng	
  Applicators	
  About	
  Droplet	
  Size





Droplet	
  Size
	
  µ	
  -­‐	
  microns

• We	
  typically	
  use	
  units	
  of	
  microns	
  -­‐
micrometers	
  (µ)	
  to	
  describe	
  the	
  size	
  of
drops	
  produced	
  by	
  nozzles.



One	
  micron	
  (µm)	
  =1/25,000	
  inch
1/1000	
  millimeter

Drop	
  Size:



Comparison	
  of	
  Micron	
  Sizes	
  for	
  Various	
  Items:
(approximate	
  values)

• pencil	
  lead 	
   2000	
  (µm)
• paper	
  clip 	
   850	
  (µm)
• staple 	
   420	
  (µm)
• toothbrush	
  bristle	
   300	
  (µm)
• sewing	
  thread 150	
  (µm)
• human	
  hair 100	
  (µm)

150



Droplet	
  Size	
  DistribuIons
Droplet	
  size	
  data	
  is	
  generated	
  by	
  measuring	
  the	
  number	
  of
droplets	
  within	
  various	
  size	
  classes	
  and	
  preparing	
  a	
  staIsIcal
report.
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VMD	
  and	
  NMD

• Dv0.5	
  (VMD)	
  -­‐	
  volume	
  median	
  diameter:
– Divides	
  droplet	
  spectrum	
  so	
  half	
  the	
  total	
  volume
of	
  the	
  spray	
  are	
  of	
  lesser	
  diameter	
  and	
  half	
  of
greater	
  diameter.

• Dn0.5	
  (NMD)	
  -­‐	
  number	
  median	
  diameter:
– Divides	
  droplet	
  spectrum	
  so	
  half	
  the	
  total	
  number
of	
  droplets	
  are	
  of	
  lesser	
  and	
  half	
  are	
  of	
  greater
diameter.



1/2	
  of	
  spray	
  volume	
  =	
  larger	
  droplets

VMDVMD

1/2	
  of	
  spray	
  volume	
  =	
  smaller	
  droplets



CumulaIve	
  volume	
  distribuIon

Dv(0.1)
(10%)

Dv(0.9)
(90%)

Dv(0.5)
(50%)

RS	
  (relaIve	
  span)
0%

20%



Other	
  droplet	
  measurement	
  terms

• Dv(0.1)	
  –	
  droplet	
  diameter	
  where	
  10%	
  of
spray	
  volume	
  is	
  smaller	
  (90%	
  is	
  greater)

• Dv(0.9)	
  –	
  droplet	
  diameter	
  where	
  90%	
  of
spray	
  volume	
  is	
  smaller	
  (10%	
  is	
  greater)

• RelaIve	
  span	
  (RS)	
  –	
  used	
  to	
  describe	
  the
“width”	
  of	
  the	
  spectrum

Dv(0.9) – Dv(0.1)
RS =

Dv(0.5) VMD



RelaIve	
  Span

RS	
  =	
  (Dv0.9	
  –	
  Dv0.1)/VMD

Dv0.9 = 400, VMD = 300, Dv0.1 = 100

Dv0.9 = 625, VMD = 300, Dv0.1 = 25



Droplet	
  Size	
  ClassificaIon	
  for
Agricultural	
  Sprays

• Safe	
  and	
  efficient	
  applicaIon	
  requires	
  a	
  definiIon
of	
  an	
  appropriate	
  droplet	
  size	
  spectrum:
– Maximize	
  spray	
  efficiency	
  for	
  transporIng	
  crop
protecIon	
  product	
  to	
  the	
  target.

– Minimize	
  off-­‐target	
  losses	
  via:
• Spray	
  drid
• Applicator	
  exposure

• Spray	
  performance	
  and	
  drid	
  minimizaIon
depends	
  on	
  droplet	
  size.

• Because	
  of	
  a	
  mulItude	
  of	
  nozzle	
  types	
  -­‐	
  sprays
should	
  be	
  classified	
  according	
  to	
  droplet	
  size.



Origin	
  Of	
  Standardized	
  Spray	
  Droplet
Size	
  Categories	
  -­‐	
  Europe

• 1985	
  –	
  BriIsh	
  Crop	
  ProtecIon	
  Council	
  (BCPC)
– Spray	
  classificaIon	
  system

• Primarily	
  designed	
  to	
  enhance	
  efficacy
• Originally	
  for	
  nozzles	
  for	
  ground	
  spray	
  applicaIons
• Other	
  atomizers	
  also	
  included

– Uses	
  the	
  term	
  SPRAY	
  QUALITY	
  for	
  droplet	
  size
categories.

• Quality	
  of	
  spray	
  placed	
  in	
  five	
  categories:
– very	
  fine,	
  fine,	
  medium,	
  coarse,	
  very	
  coarse

• Recognized	
  that	
  droplet	
  size	
  spectra	
  was	
  different
when	
  measured	
  by	
  different	
  instruments	
  and
techniques.
– Laser	
  diffracIon,	
  opIcal	
  imaging,	
  phase-­‐Doppler
– Sampling	
  techniques	
  with	
  instrumentaIon



Origin	
  Of	
  Standardized	
  Spray	
  Droplet
Size	
  Categories	
  –	
  United	
  States

• 1999	
  –	
  ASAE	
  Standard	
  	
  S572	
  (revised	
  2009-­‐S572.1)
– Defines	
  droplet	
  spectrum	
  categories	
  for	
  the
classificaIon	
  of	
  spray	
  nozzles.

– Classified	
  relaIve	
  to	
  specified	
  reference	
  nozzles
discharging	
  spray	
  into	
  staIc	
  air	
  so	
  that	
  no	
  stream	
  of	
  air
enhances	
  atomizaIon.

– Droplet	
  size	
  classificaIons	
  are	
  primarily	
  designed	
  to
indicate	
  off-­‐site	
  spray	
  drid	
  potenIal.

– Secondarily	
  used	
  for	
  applicaIon	
  efficacy.
• Standard	
  is	
  a	
  means	
  for	
  relaIve	
  nozzle
comparisons	
  only	
  based	
  on	
  droplet	
  size.
– Does	
  not	
  address	
  droplet	
  trajectory,	
  height,	
  and
velocity;	
  air	
  bubble	
  inclusion;	
  droplet	
  evaporaIon;	
  and
impacIon	
  of	
  target.









Droplet	
  Sizing
• Measured	
  with	
  a	
  laser-­‐based	
  instrument.

– Both	
  reference	
  and	
  nozzles	
  to	
  be	
  classified
• Commercial	
  droplet	
  sizing	
  instruments	
  typically
use	
  techniques	
  with:
– Laser	
  diffracIon
– Laser	
  imaging
– Laser-­‐based	
  phase	
  Doppler

• VerificaIon	
  and	
  calibraIon	
  to	
  known	
  standards
essenIal.

• Nozzle	
  oriented	
  to	
  scan	
  the	
  enIre	
  spray	
  plume.
• Ensure	
  a	
  representaIve	
  cross-­‐secIonal	
  	
  sample
of	
  the	
  spray	
  plume	
  is	
  obtained.





Droplet	
  Sizing

• Determine	
  a	
  reference	
  graph	
  from	
  the
reference	
  nozzles.

• Create	
  example	
  reference	
  graph	
  by	
  plolng
droplet	
  diameter	
  (microns	
  -­‐	
  µm)	
  vs.	
  the
cumulaIve	
  spray	
  volume	
  (fracIon	
  or	
  %).

• Curves	
  will	
  define	
  the	
  classificaIon	
  thresholds
between	
  categories.





PracIcal	
  Uses	
  for	
  S-­‐572.1

• Manufacturers	
  can	
  have	
  their	
  nozzles	
  tested
by	
  a	
  qualified	
  technician	
  using	
  the	
  proper
equipment	
  and	
  techniques	
  as	
  outlined	
  in	
  S-­‐
572.1.

• Manufactures	
  can	
  do	
  in-­‐house	
  tesIng
provided	
  they	
  follow	
  the	
  specificaIons
outlined	
  in	
  S-­‐572.1.











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





FIXED-WING SPRAY NOZZLE MODELS
40 DEGREE FLAT FAN (Large Orifice)
40 DEGREE FLAT FAN (Small Orifice)

80 DEGREE FLAT FAN
CP-03
CP-09

CP-11TT STRAIGHT STREAM
DISC ORIFICE 46 CORE

DISC ORIFICE 46 CORE CERAMIC
DISC ORIFICE 56 CORE

DISC ORIFICE STRAIGHT STREAM
LUND STRAIGHT STREAM

Rotary-Wing SPRAY NOZZLE MODELS
40 DEGREE FLAT FAN NOZZLE (large orifice)
40 DEGREE FLAT FAN NOZZLE (small orifice)

80 DEGREE FLAT FAN
ACCU-FLO DOUBLE ROW
ACCU-FLO SINGLE ROW

CP DR HIGH VOLUME FLAT FAN
CP HIGH VOLUME FLAT FAN

CP-03
DISC ORIFICE-46 CORE

DISC ORIFICE-STRAIGHT STREAM
RAINDROP RD

USDA Aerial Nozzle Atomization Models



USDA Aerial Nozzle Atomization Models











Nozzle	
  Types



Nozzle	
  Technology……
• Nozzles	
  designed	
  to	
  reduce	
  drid
• Improved	
  drop	
  size	
  control
• Emphasis	
  on	
  ‘Spray	
  Quality’
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Source:	
  Crop	
  Life	
  –	
  July	
  2002

>150

151-­‐
250

251-­‐
350

351-­‐
450

451-­‐
550

>551

ASABE	
  Standard



Source:	
  Crop	
  Life	
  –	
  July	
  2002

>150

151-­‐
250

251-­‐
350

351-­‐
450

451-­‐
550

>551

ASABE	
  Standard



Spray	
  Quality	
  Categories

ASABE	
  Standard	
  S-­‐572.1

Category	
  (symbol) Color	
  Code

Extra	
  Fine	
  (XF) Purple

Very	
  Fine	
  (VF) Red

Fine	
  (F) Orange

Medium	
  (M) Yellow

Coarse	
  (C) Blue

Very	
  Coarse	
  (VC) Green

Extra	
  Coarse	
  (XC) White

Ultra	
  Coarse	
  (UC) Black



How	
  can	
  the	
  applicators	
  use	
  this
standard	
  for	
  day	
  to	
  day	
  applicaIons?



See Page 136, TeeJet Catalog 51









Example calculation:

Answer .30gpm



Selecting The Proper Nozzle

• Calculate	
  GPM	
  (formula)
• Look	
  under	
  GPM	
  column
• Choose	
  the	
  size	
  needed
• Match	
  pressure(psi)	
  and

Droplet	
  ClassificaIon
• Operate	
  at	
  given	
  pressure

and	
  speed	
  used	
  in	
  formula	
  to
achieve	
  GPA	
  and	
  the	
  desired
droplet	
  size

Page	
  6

0.30 GPM
7.5	
  GPA	
  &	
  12	
  MPH



Hypro	
  –
GuardianAir	
  InducIon

• More	
  consistent	
  droplet
• All-­‐in-­‐one	
  cap	
  and	
  screen
• Wide	
  angle	
  with	
  15	
  degree	
  incline

toward	
  the	
  rear
• Aim	
  forward	
  or	
  rearword	
  –

alternate?

GuardianAirSee Page 16, Hypro Spray Tip Guide





www.turbodrop.com













Comparing	
  Droplet	
  Spectra	
  –	
  Example

Nozzle PSI DSC Nozzle PSI DSC Nozzle PSI DSC

TT	
  11002 90 F AI	
  11002 90 C GA11002 90 M

TT	
  110025 59 M AI	
  110025 59 VC GA110025 59 C

TT	
  11003 40 C AI	
  11003 40 VC GA11003 40 C

TT	
  11004 23 VC AM11002 90 F CP65T-­‐SL	
  (3-­‐6) 35 XC

TTI	
  11002 90 XC AM100025 59 M CP65T-­‐SL	
  (3-­‐4) 40 XC

TTI	
  110025 59 XC AM11003 40 C Wilger	
  SR80-­‐025 41 M

XR	
  80025 40 M TDXL11002 90 F Wilger	
  DR110-­‐02 64 M

XR	
  110025 59 F TDXL110025 59 M C Wilger	
  SR110-­‐03 28 M

XR	
  8003 40 M TDXL11003 40 VC Wilger	
  MR100-­‐025 41 M

XR	
  11003 40 F ULD12002 90 M

XR	
  8004 23 C ULD120025 59 C

XR	
  11004 23 M ULD12003 40 C

AIXR	
  11002 90 M

AIXR	
  110025 59 C

0.30	
  gpm



New	
  low	
  speed	
  wind	
  tunnel:





No	
  deposiIon
aid

With
deposiIon	
  aid



SoluIon	
  Effect	
  –	
  College	
  StaIon	
  in	
  the
Wind	
  Tunnel



Doplet	
  Spectra	
  -­‐	
  Laser
Nozzle
Type

Droplet
Spectra

VD0.5
Water +
NIS + No

Deposition
Aid

VD 0.5
PowerMax
+ Clarity
 + AMS

VD 0.5
PowerMax
+ Clarity
 + AMS

 + Control

Water +
NIS

%<100
microns

 Mix with
No Dep Aid

%<100
microns

Mix with
Dep Aid
%<100

microns

TT coarse 383.2 384.6 751.6 3.99 3.58 0.77

TDTF very coarse 302.8 314.5 531.9 4.22 4.29 1.77

TTI extra
coarse 599.6 586.5 902.9 0.65 0.64 0.49

AIXR extra
coarse 415.5 418.0 908.6 1.73 1.71 0.18

TTJ60 coarse 306.1 312.3 659.7 4.74 4.58 0.54

CP-65T-
SL

extra
coarse 496.2 439.1 1135.0 0.83 1.75 0.05

XR11003 Medium 174.0 172.9 461.3 16.25 16.22 3.37

*Control	
  at	
  2	
  ounces	
  per	
  100	
  gallons	
  (GarrCo	
  Products,	
  Inc)



Droplet	
  Spectra	
  –	
  Laser	
  @	
  10	
  GPA

Nozzle	
  Type
Droplet
Spectra

VD0.5
Water	
  +	
  NIS

+	
  No
DeposiVon

Aid

VD	
  0.5
Ignite
+

NPAK

VD	
  0.5
Ignite

+	
  Class	
  Act
	
  +	
  Interlock

Water	
  +	
  NIS
%<100
microns

	
  Mix	
  with	
  No
Dep	
  Aid
%<100
microns

Mix	
  with
Dep	
  Aid
%<100
microns

XRI11003 Fine 174.7 167.3 180.2 14.9 17.3 11.9

TT11002 Medium 241.0 219.9 243.3 7.3 9.0 5.8

AIXR11002 coarse 314.8 289.8 323.2 3.3 4.9 1.9

AI11003 Very	
  coarse 452.4 399.4 443.6 1.2 2.4 0.8

TTI11002
extra
coarse

649.3 621.3 661.0 0.3 0.8 0.2

XR11003 Medium 158.8 153.0 165.9 19.4 22.0 16.8

*Interlock	
  at	
  2	
  ounces	
  per	
  acre	
  (Winfield	
  SoluIons,	
  Inc)



Droplet	
  size	
  -­‐	
  VMD



Droplet	
  size	
  -­‐	
  %V<100





Disclaimer:

• Brand	
  names	
  appearing	
  in	
  this	
  presentaIon
are	
  for	
  idenIficaIon	
  and	
  illustraIon	
  purposes
only.

• No	
  endorsement	
  is	
  intended,	
  nor	
  is	
  criIcism
implied	
  of	
  similar	
  products	
  not	
  menIoned.




