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Summary

The Dropcounter is designed to count and measure the diameter of liquid droplets 
emitted from an agricultural spray nozzle. The number and size of the drops determines 
how effectively the sprayed chemicals can cover the crop and how much spray chemical 
drifts away from the target.
The number of drops per square centimetre is a useful measure of the effectiveness of 

the spray and should be between about 10 and a 1000 depending on the target.
The three main influences on the drop size spectrum are the design of the spray nozzle, 

the exit velocity of the spray and the physical properties of the spray liquid.       
The aim of this device is to provide a simple means of measuring the drop size spectrum 

of a pesticide spray in both laboratory and real operating conditions.
Measuring results of six reference nozzles have been compared with PDPA laser and an 

imaging system.
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Introduction

Why droplet movement from agricultural hydraulic spray nozzles matters
A nozzle or an equivalent device is supplied with a liquid under pressure containing a pesticide 

and propels said liquid in such a way that the liquid stream breaks up to form droplets in free air.  
The droplets are numerous, within a range of droplet diameters, and organised so that they spread 
out to form either a fan shape or conical spray.  
The physical properties of the liquid influence the creation of droplets.  The features that are 

measurable would include density, viscosity, temperature, surface tension, hardness, and purity.  
These may be affected by the inclusion of the pesticide, and also such additions as wetters, 
adjuvants, surfactants, etc.
The distance from the nozzle to the target pest is crucial to the scale of movement achieved by 

the droplet.  Commonly this distance will be set by the height of the sprayer boom above the crop, 
whether it is a ground based sprayer or an aerial sprayer or a hand held sprayer.  The boom on 
a ground sprayer may be set so that the nozzle was fifty centimetres above the crop.  Although 
booms are designed to be stable, some vertical movement occurs and this distance could easily 
vary by plus or minus fifty percent.
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The whole body of air into which the droplets emerge will be moving with the wind in a direction 
at some angle to the direction of the sprayer.  This movement will be a major factor in the movement 
of the droplets and their eventual fate.  Of course the wind velocity declines the nearer the droplet 
gets to the crop/soil and so its impact reduces.
The whole purpose is to deliver the pesticide accurately to the target, in such a way that the droplet 

will impinge on and adhere to the right area on the target.  This objective is predominately the 
domain of the pesticide manufacturer, but it can only be satisfactorily achieved if the performance 
of the spray is good.
Not all droplets achieve placement on the target.  By volume a considerable amount of the spray 

intended for foliage may either proceed directly to the soil or may coalesce on the leaf and run off 
onto the soil.  If this was not the intended target this product is both lost and potentially damaging.
Small droplets are prone to drift on the wind away from the target.  Although the volume of 

pesticide may be small this loss can produce a high risk of the undesirable effect of the pesticide 
on field boundaries, adjacent crops, wildlife, property, and people.  Identifying the droplets, which 
escape from the entrained air to drift on the wind, needs an assessment of their progress to the 
target.  
The Dropcounter was introduced to the IAPA in Wageningen in 2012 (Brady et al., 2012). This 

paper plots the development of that prototype into a fully functional machine and compares it with 
other devices used to measure sets of reference nozzles produced by Spraying Systems Co. 
Different measurement systems and laboratories may produce different absolute measures for a 

given droplet spectrum. The goal was to compare three measuring techniques in terms of droplet 
sizing of reference spray nozzles. 
The measuring techniques were: 
•	 Dropcounter (BfS)
•	 TSI/Aerometrics PowerSight PDPA (ILVO)
•	 Imaging system (ULG – Agro-Bio Tech).

Materials and Methods

Droplet sizing techniques
Dropcounter (BfS)
BfS recently developed a new drop analyzer (Fig. 1). The Dropcounter is designed to operate 

in both laboratory and field conditions. This device uses infrared light. The reduction in light is 
measured at the moment the largest part of a droplet passes through a 50 µm cross section of the 
10 mm × 7 mm measuring area. Making it extremely unlikely that two droplets will be in the 
measuring area at the same time (Fig. 2).

Fig. 1. Measuring unit of the Billericay Dropcounter.

 

 



285

Fig. 2. Working principle of the Dropcounter.

A beam of light is generated from a tiny infrared LED emitting a wavelength of 860 nanometres. 
The LED is so small that it can be considered a point source.  The light is detected by a photo diode 
selected for its sensitivity at 860 nanometres. Infrared is chosen to minimise any interference from 
daylight or artificial light. 
The unit is fitted with two prisms to turn the light beam through 180°, which allows the unit to 

be more compact, and the electronic circuits for the LED and photo diode brought close together. 
This arrangement allows greater miniaturisation of the whole unit. 
The LED sends out a conical beam with an included angle of 30 degrees. The light beam shines 

vertically upwards until it reaches the prism where it is turned to the horizontal. Most of the light 
is wasted, and only a small amount travels through the prism, which is set 150 mm from the LED.  
This ensures that the light that goes though the prism has a uniform intensity.
This creates a  horizontal sheet of light that travels across a controlled area 7 mm × 10 mm 

horizontal dimensions, and the droplets fall freely vertically though this sheet of light partially 
obstructing it to form a shadow.  The light continues through a cylindrical lens and is turned again 
through a further 90° by another prism and travels downwards to the photo diode.
The lens focusses the sheet into a line 7 mm high but just a fraction of a mm across.  A 50 µm 

slit then selects a small portion of the line to reach the photo diode. Droplets that pass through 
the sheet of light cause the intensity of the light to reduce, and the photo diode output voltage to 
reduce, in proportion to the diameter of the droplet.  So each droplet is counted by diameter size.
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PDPA (ILVO)
At ILVO, a TSI/Aerometrics PowerSight solid state laser-based PDPA system (Phase Doppler 

Particle Analyser) is used for droplet characterization. (Fig. 3; Nuyttens et al., 2007).

Fig. 3. PDPA laser setup.

Settings on the instrument were chosen to cover a size range of 3‒1113 μm (Table 1). 

Table 1. PDPA settings

Laser Type Diode pumped solid state
Laser wavelength 532 nm
Laser power 300 mW
Focal length transmitter lens 500 mm
Focal length receiver lens 500 mm
Beam expander ratio 0,5
Droplet size range 3,2 –1113,3 µm

Imaging (ULG)
The third system was an image acquisition system developed by ULG. This system is based on 

the shadowgraphy method (Fig. 4). Droplets are recorded using a high-speed camera and LED 
backlighting to maximise the contrast (De Cock et al., 2012).

Fig. 4. Shadowgraphy set-up used for the image acquisitions. 

Reference nozzles and classification
Spray characterisation was done for the six reference nozzles/pressure combinations which are 

under investigation for the ISO draft standard (ISO 25358) for classification of droplet size spectra 
from atomisers.
The ISO classification is based on the comparison of the droplet size spectrum parameters Dv0,1, 

Dv0,5 and Dv0,9 produced by a nozzle at a certain spray pressure with the spectra of reference 
nozzles, measured with the same measuring technique and sampling procedures. 
Droplet size classes include Very Fine (VF), Fine (F), Medium (M), Coarse (C), Very Coarse 

(VC), Extremely Coarse (XC) and Ultra Coarse (UC). The boundaries between these size classes 
are defined by spraying water through the reference nozzle/pressure combinations given in (Table 
2). 
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Table 2. Nozzle/pressure combinations of the tested nozzles

Droplet size class boundary Nozzle type Pressure bar
VF/F TeeJet TP 110 01 4,5
F/M TeeJet TP 110 03 3,0
M/C TeeJet TP 110 06 2,5
C/VC TeeJet TP 80 08 2,5

VC/XC TeeJet TP 65 10 1,5
XC/UC TeeJet TP 65 15 1,5

Measuring protocol
Scan measurements (all techniques)
A cross-section average sample was obtained across the spray plume at 0.5 m distances from the 

nozzle outlet by moving the nozzle on a scan pattern.
 For the PDPA measurements, the full spray pattern was sampled by scanning nine lines (Fig. 5). 

In general, a different scan trajectory was programmed depending on the type of nozzle (Table 3).  
Scanning speed was set that each scan yielded data for at least 10 000 droplets with the PDPA. 
The same scan patterns were used for the Dropcounter, apart from the TeeJet TP6510 & TP6515 
nozzles, where passes 1 and 2 and 8 and 9 were skipped. This was due to the fact that the total scan 
time for these nozzles exceeded the maximum measuring time of the Dropcounter (when keeping 
the same sample time).

Fig. 5. Scan trajectory for Dropcounter and PDPA (X and Y, length and width of the rectangular scan pattern; 
Δy, distance intervals in the Y direction).

Table 3. Scan trajectory for Dropcounter and PDPA for the different nozzles

Nozzle type Z
m

X
m

Y
m

Δy
m

Number of 
lines

Scan speed
m min-1

TeeJet TP 110 01 0,50 1,50 0,40 0,05 9 3,5
TeeJet TP 110 03 0,50 1,50 0,40 0,05 9 3,0
TeeJet TP 110 06 0,50 1,50 0,40 0,05 9 2,5
TeeJet TP 80 08 0,50 1,00 0,40 0,05 9 1,5
TeeJet TP 65 10 0,50 1,00 0,40 0,05 9* 1,0
TeeJet TP 65 15 0,50 1,00 0,40 0,05 9* 1,0

* only five lines were measured with the Dropcounter.

In the case of the imaging technique, the measurements were realised on ¼  of the spray pattern 
by scanning the spray with eight transects (Fig. 6). The distance between each transect was 1 cm. 
The length of each transect was ± 80 cm.
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Fig. 6. Scan trajectory used with the imaging technique.

Results

The results are presented by the cumulative droplet size distributions. The characterising 
parameters Dv0,1, Dv0,5 and Dv0,9, corresponding to the 10%, 50% and 90% cumulative volumes 
of the spray, were calculated (Table 4). For the Dropcounter results, these values were calculated 
from the total number of droplets counted in each of its respective 37 buckets (bins). Half of the 
mean of the two  preselected boundaries of each bucket were multiplied by the number of droplets 
in that bucket and multiplied by 1⅓ πr³, thereby giving the volume for each bucket. Then the 
respective 10%, 50% and 90% cumulative volumes of the spray were calculated (Fig.7). 
The total number of droplets counted were as follows: ISO 01 71,487: ISO 03 127,123: ISO 06 
141,376, ISO 243,704: ISO 10 272, 009 and ISO 15 240,091.

Table 4. Dv0,1, Dv0,5 and Dv0,9 characteristics for the ISO reference nozzles measured with the 
Dropcounter (BfS), the PDPA (ILVO) and the imaging system (ULG) (scan measurement) 

Nozzle
Dv0,1 Dv0,5 Dv0,9

BfS ILVO ULG BfS ILVO ULG BfS ILVO ULG
Counter Aerom. Imaging Counter Aerom. Imaging Counter Aerom. Imaging

ISO 01 59 100 88 124 172 154 202 262 232
ISO 03 100 148 119 209 273 239 365 413 414
ISO 06 150 194 138 316 366 304 561 560 532
ISO 08 201 212 165 453 394 375 894 605 612
ISO 10 256 248 201 552 465 479 1045 702 786
ISO 15 288 291 221 657 534 532 1278 742 927

Table 5. Dv0,1, Dv0,5 and Dv0,9 characteristics for the ISO reference nozzles measured with the 
Dropcounter (BfS) droplets >1000 µ,  (scan measurement)

Nozzle
Dv0,1 Dv0,5 Dv0,9

BfS ILVO ULG BfS ILVO ULG BfS ILVO ULG
Counter Aerom. Imaging Counter Aerom. Imaging Counter Aerom. Imaging

ISO 01 59 100 88 124 172 154 202 262 232
ISO 03 100 148 119 209 273 239 365 413 414
ISO 06 150 194 138 316 366 304 561 560 532
ISO 08 195 212 165 417 394 375 774 605 612
ISO 10 225 248 201 496 465 479 789 702 786
ISO 15 250 291 221 536 534 532 843 742 927
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Fig. 7. Dv0,1, Dv0,5 and Dv0,9 for the ISO reference nozzles measured with the Dropcounter, the PDPA 
and the imaging system (scan measurement).
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Discussion

The results from the three methods of measuring are very different, particularly considering that 
the measurements were taken, not only with exactly the same nozzles, but at exactly the same 
times. Previous research has shown that different testing houses will get very variable reading 
when measuring examples of the same nozzles, even when using the same make of measuring 
device (Goddard, 2010).  
The Dropcounter recorded much higher numbers for the VC, UC and XC however the Dropcounter 

was set to record droplets up to 2000 µ, whereas the PDPA was set to 1113 µ and imaging 1000 
µ microns. The Dropcounter recorded 109 drops over 1000 µ for ISO 08, 399 for ISO 10 and 772 
for ISO 15. Had it been set to only register droplets less than 1000 µ the results would have read 
as above (Table 5).
Arguably the more important factor is the repeatability of the measuring device. The measurements 

presented in this paper were taken at ILVO in October 2014. In September 2015 the University of 
Queensland, using their Dropcounter, measured their set of Spraying Systems Co. reference 
nozzles and achieved very similar results to those published here. 
The new Dropcounter provides a means of counting the number of droplets in size groups 

passing through an unframed sheet of light in the air.  This enables droplet movement within and 
all around the spray fan to be captured. In the authors opinion the most valuable measurement 
the Dropcounter is capable of is the number and size of droplets that have been deposited on any 
number of 0.7 cm² areas in a field.
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