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The ground boom model (AGriculture DISPersion) or AGDISP calculates the deposition of agrichemicals
both in the area sprayed and more importantly downwind on neighbouring properties. However modelling
the breakup and evaporation of the spray droplet cloud over the first few metres is very difficult. Wind
Tunnel Dispersion or WTDISP arose to overcome this difficulty. Measurements of droplet spectra and fluxes
were made 2 m downwind of several nozzles in a wind tunnel. WTDISP originated as this source was input
into the frame work of the ground boom model AGDISP. AGDISP calculates the deposition by ensemble
averaging the droplet paths to the ground and uses a statistical distribution of the likely paths about these
averages to calculate the deposition on the ground.
The nozzles selected for the wind tunnel were those used in the field study trials undertaken by Wolf and
Caldwell (2001) so that WTDISP could be used with this study as a basis for comparison with AGDISP.
Measurements were undertaken at 4.5 m/s wind speed, at 0.1 m vertical intervals from 0.1 m to 0.6 m and at
0.08 m horizontal intervals from the centre of the nozzle at each vertical level, (Hewitt, 2008).
The analysis calculated the total flux at each level, together with the droplet spectra, to input into WTDISP in
order to calculate the deposition downwind for one nozzle. This flux was matched to the field situation to
give the deposition. Figure 1 shows the result for the first trial of the Wolf & Caldwell (2001) data.

Figure 1. Comparison of WTDISP, AGDisp and field measurements for Trial 1, Wolf and Caldwell (2001).
The results show a considerable improvement for WTDISP over AGDISP for this trial. Overall the 5 trials
analysed, WTDISP comparison with field measurements halved the difference between (and also the
standard deviation) of the modelled/measured ratio.
The paper below also outlines possible ways to improve the technique to model field and wind tunnel
measurements, including turbulence scaling effects, the orientation of the nozzle fan to the wind direction
and field measurements. It also discusses the drop size distribution from both models at 2 m downwind
leading to improvements to the evaporation/breakup algorithms used in AGDISP and gives recommendations
for experiments to improve the model results.
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1.

INTRODUCTION

Application of agrichemicals can create unacceptable environmental situations due to spray drift onto
neighbouring properties and water bodies. There are several ground boom models being developed however
these are subject to considerable differences between experimental field measurements and model
calculations. In addition, field measurements are subject to considerable variation due to the turbulent process
taking place in the atmospheric boundary layer. The model AGDISP (Bilanin et al., 1989) was developed and
the ground boom model has been calibrated upon field data from the Spray Drift Task Force, USA, (Teske et
al. 2004). However AGDISP generally over predicts results (Teske & Thistle, 2008) compared to Canadian
(Wolf & Caldwell, 2001) and New Zealand (Woodward et al., 2008) field data.
WTDISP was developed from a desire to improve ground boom models as it is difficult to measure the
properties of the spray close to the nozzle (Figure 2). Measuring the droplet spectrum can be challenging and
the breakup of the sheet of spray from the nozzle is also a difficult problem to model. Even today there is no
officially adopted standard to measure the spray spectrum and flux. It is difficult to define where the droplets
should be measured with the many situations that are encountered.
Hewitt (2008) measured the droplet spectra
and fluxes 2 m downwind of the nozzle in a
wind tunnel with wind velocity of 4.5 m/s.
WTDISP uses AGDISP algorithms from this
point.
Measurements were done for the formulation
and nozzles of the field study undertaken in
Canada in 2000 (Wolf & Caldwell, 2001).
Standard drop size measurements, using a
Malvern and PDPA, were also done for input
into AGDISP.
This paper outlines the methodology used in
the analysis and possible ways to improve the
models and measurements.
2.

ANALYSIS METHODOLOGY

The following methodology used mass
conservation to enable the wind tunnel setup
Figure 2: Spray ejecting from a flat fan nozzle. (Photo: A
to be compared with the field situation. It is
Hewitt).
not straight forward as there are differences
between these two situations, therefore it is
necessary to explain these differences so that points raised in the discussion, which give directions for future
work, become clear.
The wind tunnel measurements of droplet spectrum and flux were done using an Oxford Laser imaging
system (Oxford Laser, 2009) with a minimum particle size of about 10 µm. The nozzle was stationary with
the spray fan at right angles to the wind direction to simulate the forward movement of the sprayer. This
situation differs from the field as the nozzles are moving on a boom behind a tractor with the wind direction
often parallel to the orientation of the spray fan. In addition the wind tunnel had a nominally uniform velocity
profile across the working section whereas in the field there would usually be a logarithmic profile.
The following methodology assumes that the flux measured in the wind tunnel over a certain period of time
is distributed in the field along the path taken by the sprayer for the same period of time. Both AGDISP and
WTDISP are used in the two dimensional sense (vertical and horizontal) calculating the spray flux in the air
and spray deposition perpendicular to an infinite line in the direction that the sprayer is moving.
The flux inputs to WTDISP were measured 2 m downwind of the nozzle in units of µl/cm2/s and were done
at intervals of 0.1 m from 0.1 m to 0.6 m in the vertical and at each of these verticals at 0.08 m intervals
horizontally from the centre that was straight downwind of the nozzle. (See the first seven columns of Table
1). WTDISP fluxes are inputted at each height, (Hewitt, 2008). Therefore the first step to obtain the fluxes for
WTDISP, was to integrate the total measured flux at each horizontal position for a given vertical height
needed over the width of the spray cloud (column 8 of table 1).
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The second step reconciles these measurements with the field situation. WTDISP uses inputs of l/cm2/min at
each height together with a spray time period, so the flux is reduced to l/cm2. To compare this with the field
data the actual flux l/cm2 for the field situation needed to be input into the model. The driving speed in trial 1
was 3.58 m/s which means the fluxes in column 8 of Table 1 (in µl/cm/s) are distributed over 3.58 m. This
gave the result for column 9 of Table 1 (in l/cm2).
At present, WTDISP calculates the deposition for one nozzle only. Therefore to evaluate the deposition for
the Canadian trials the results from WTDISP were added together for all 36 nozzles also making allowance
for the 0.5 m distance between each nozzle.
3.

RESULTS

Measurements of flux of the AI110025 nozzle taken in the Silsoe wind tunnel are shown in Table 1.
Measurements were taken over a grid (both vertical and laterally) 2 m directly downwind of the nozzle. The
last two columns, show i) column 8, the results of total flux for each height from the wind tunnel
measurements and ii) Column 9, the total flux for the field situation using the logic explained in the
methodology.
Table 1. Flux measurements in Wind Tunnel 2 m downwind of the AI110025VS nozzle at 3.96 bar.
μl/cm2/s

Lateral distance from centre of nozzle
Total flux l/cm2
travelling at 3.58
m/s

Vertical
Height

Centre

80 mm

160 mm

240 mm

320 mm

400 mm

Total flux at
each height
μl/cm/s

100 mm

0.5445

0.8917

0.3503

0.5512

0.3395

0.0004

38.49

1.07E-07

200 mm

0.3743

0.7177

0.1986

0.594

27.16

7.55E-08

300 mm

0.2307

0.2156

0.3906

0.0255

11.95

3.32E-08

400 mm

0.2574

0.2857

0.1978

0.0294

500 mm

0.0417

0.0313

0.0176

600 mm

0.003

10.27

2.85E-08

1.116

3.10E-09

0.024

6.67E-11

The values of flux from the last column were input into WTDISP and the model run using a spray interval of
60 seconds. The results for trial 1 are shown in Figure 1.
The analysis only compared 5 of the 21 trials (for 1 of the 4 nozzles) of the Canadian data, as wind tunnel
measurements were not undertaken for one of the nozzles and measurements of two nozzles were not
undertaken at the field spraying height. The overall results show there is a considerable improvement in the
ratio model/measured. These are summarised in Table 2. The improvements are in both ratio and the ratios
standard deviation and range.
Table 2. WTDISP and AGDISP Average values, Standard Deviation and Max/Min of the ratio
model/measured for the AI110025 nozzles
AI110025 nozzles
WTDISP - mean

2.03

StDev

1.87

max

8.92

min

0.13

AGDISP - mean

3.95

StDev

3.60

max

12.94

min

0.43

A comparison for the 5 trials of the calculated vs. measured for WTDISP is shown in Figure 3.
Figure 4 shows the AGDISP results for the 5 trials. In (Teske & Thistle, 2008), the same plot is given, but for
all 21 trials. The results still have the same overall shape but at a more steeper slope with a better fit at lower
deposition rates and overestimating at higher deposition rates, which is closer to the points of Figure 3. The
adjustment for the AI nozzles was undertaken by changing the factor in the formula for the jet effect from the
nozzle which entrains smaller droplets.
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δ2

The formula is v h = 0.88 U jet

 L  2K ,
 
h

where vh is the velocity of the jet at
distance h below the nozzle, Ujet is
derived from Bernoulli’s law (equating
static and dynamic pressures) and L (=
0.14 m) is the coherent length of the
liquid sheet. For the AI nozzles the
2
value of the exponent δ was altered
2K

from 0.57 to 2.04. This means the
droplets in the AI nozzles reduce
speed at a greater rate. The reasons for
the change in the coefficient value
were not given.
A comparison of Figures 3 and 4
shows that WTDISP has considerably
reduced the scatter of the results with a
better fit over the whole range
compared to the AGDISP comparison
that has a better fit at high deposition
rates (or close to the application area)
but over estimates at low deposition
areas (further away from the
application area).
4.

Figure 3. Comparison of modelled deposition verses field deposition
for the WTDISP results with the Wolf experimental data (5 trials)
(Solid line is modelled = Field and dashed lines are model = 10 times
field and vice versa).

DISCUSSION

The main reason why WTDISP
improved the results compared to
AGDISP was that AGDISP under
predicted the droplet size distribution
at 2 m. This and other factors that may
be of importance to improve the
models are discussed below.
4.1. Orientation of Nozzle and
forward sprayer speed

Figure 4. Comparison of modelled verses field for the AGDISP results
for the Wolf experimental data (5 trials).

The spray fan from the nozzle in the wind tunnel is orientated at right angles to the wind direction. This
simulates the forward speed of the sprayer but is different to the field situation. In the field, the nozzle
orientation generally varies between about 70 degrees from the wind direction when the speed of the wind is
about twice the forward sprayer speed, to 20 degrees from the wind direction if the forward sprayer speed is
twice the wind speed. The change in orientation may change the drop size distribution and fluxes, therefore
the results will have errors because of this factor. Further experimental work in the wind tunnel will be able
to show whether changing the wind angle is significant.
The forward sprayer speed, which changes the orientation, also changes the drift (Miller and Smith, 1997)
and (van de Zande et al. 2005). It is likely that the drift is increased due to turbulence effects from the
spraying equipment and vehicle. To assess these effects from these field studies requires computational fluid
dynamic (CFD) modelling to enable effect of the forward speed of the sprayer to be implemented in a model.
4.2.

Droplet size Spectra

The most important aspect of the difference between the results of the WTDISP and AGDISP models was the
difference in the droplet size spectrum calculated by AGDISP. Figure 5 shows that, at 2 m downwind of 1
nozzle (using the same conditions as the wind tunnel, about 23 C and 80 % humidity and 4.5 m/s), AGDISP
predicts smaller droplets than measured in the wind tunnel.
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Figure 5: Field Trial 1, AI110025 nozzle droplet spectrum at 2 m downwind i) Wind tunnel ii) AGDISP
field conditions iii) AGDISP wind tunnel conditions. Initial Droplet Spectrum Dv0.5 = 583 µm, Dv0.1 = 275
µm and Dv0.9 = 983 µm at 396 KPa (percentage passing is percentage of droplets smaller).
This effect occurred for all three nozzles (that had wind tunnel measurements) of the four nozzles. Therefore
AGDISP overestimates the change in droplet size that occurs. Evaporation is the only factor in the model that
can change the droplet sizes. However it is possible that other processes are occurring in this area that is less
than 2 m from the nozzle. These effects lead to the development of WTDISP. Further work is necessary in
this area to measure droplet spectra over a range of humiditys and distances and also forward sprayer speeds
so the evaporation algorithm in AGDISP ground boom module can be improved in the area less than 2 m
from the nozzle. Figure 5 also shows that the field conditions reduce the size of the droplets from the wind
tunnel conditions. Therefore wind tunnel measurements in lower humidity conditions would be useful.
Measurements at different wind speeds would also be useful to improve the model.
4.3.

Turbulence Scaling Effects

The structure of the air flow in a wind tunnel is laminar up to a Reynolds Number of 5 x 105. In this case the
Reynolds Number was 5.7 x 105 which means the air flow would be slightly turbulent with a turbulence
intensity of probably about 0.01 compared to a typical value between 0.1 and 0.2 in an atmospheric boundary
layer.
The air flow in the field is fully turbulent as the Reynolds number of the boundary layer is in the order of 107
to 108. In air such boundary layers turbulent structures occur. These are known as sweeps and bursts and
Hogstrom and Bergstrom (1996) show that sweeps and bursts occur about 30 % of the time each, with 40 %
of the time with no organized structure. For their grass site (5 cm in height, which is closest to the Canadian
experimental conditions) a burst would take about 4 seconds, at an angle of 20 degrees and extend up to 20 m
in height. A sweep would occur for a similar length of time. This means that compared to the wind tunnel,
during a burst the spray particles will be thrust into the atmosphere and during a sweep swept towards the
ground. Therefore the expected fluctuations in deposition and also spray flux measured in the field would be
greater than compared to the wind tunnel.
However as the measurements in the wind tunnel are only 2 m downwind of the nozzle, this effect could be
small as the AGDISP algorithm allows for typical atmospheric turbulence downwind of this point. This effect
could be investigated with CFD modelling.
4.4.

Field Measurements verses increase in wind velocity

Detailed inspection of the field data shows that in almost all the trials the deposition drops off with increase
in wind speeds above 25 kph as shown in Figure 6. (We are not sure what caused the drop from 15 to 15 kph
but this did not show up in other trials). This is contrary to the results from the models that show the
deposition will increase with increase of wind speed as shown in Figure 7, especially at higher wind speeds.
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The ratios of modelled to measured are generally less than five for wind speeds of less than 25 kph but are
about 10 to 15 for wind speed greater than this.
There are several possibilities for this occurrence. Firstly the stability of the air could be a factor. With
unstable air the turbulence is
increased, leading to greater
dispersion (dilution) of the spray
cloud. As a result more particles
could be uplifted to deposit
further downwind outside the
range measured. Analysis shows
that the stability ratio generally
changed from about -0.5 to -0.7
or unstable at low wind speeds to
-0.1 or close to neutral for higher
wind speeds.
This means that there was less
thermal turbulence with increase
in wind speed and therefore this
effect is not the reason for the
drop off in deposition at higher
wind speeds. However with
higher
wind
speeds
the
mechanical turbulence would
increase, causing the drop off in
deposition. This could be
investigated
with
CFD
modelling.

Figure 6 AI110025 nozzle - Measured data - change in deposition at
various distances downwind of the spray block.

The second possibility is that the
efficiency
of
the
ground
deposition collectors, in this case
15 cm diameter Petri plates,
decrease in winds over 20 to 25
km/h. Detailed CFD analysis
work taking into consideration
Figure 7 AI110025 nozzle – AGDISP Model Runs - change in
the surface of the ground would
deposition at various distances downwind of the spray block.
be needed in this case. Also
analysis of the data with other ground boom spray drift models would be useful.
4.5.

WTDISP results with adjustment for height using AGDISP

The wind tunnel test runs for two of the other nozzles, the TT11005 and AI11004 nozzles could not be used
as they were undertaken at 600 mm instead of the field spraying height of 900mm. Therefore the results for
these nozzles were adjusted from 600 mm to 900 mm using AGDISP to estimate how WTDISP would
predict the deposition. The results are shown in Table 3.
Table 3. WTDISP and AGDISP: Ratio model/measured for the TT11005 nozzles and the AI11004 nozzles,
average values, standard deviation, and maximum and minimum.
TT11005 nozzles
mean

StDev

max

Min

WTDISP -

9.69

7.85

32.46

2.20

AGDISP

8.54

8.78

37.54

0.43

WTDISP

3.09

3.20

12.75

0.60

AGDISP

4.42

5.47

31.19

0.14

AI11004 nozzles
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The results show an improvement for the AI11004 nozzles but do not show an improvement for the TT11005
nozzles. However for the TT11005 nozzles the adjustment meant that some of the values that WTDISP
predicted near the spray block were well over 100 % of applied, so this result is not good. Therefore it is best
that these nozzles be tested in the wind tunnel at the correct height to show the actual improvement. In this
case AGDISP over estimated the evaporation by a much greater amount than for the AI nozzles. The
evaporation and breakup characteristics between AI nozzles that have considerably more air inside them and
ordinary nozzles needs to be investigated.
5.

CONCLUSIONS

The analysis shows that the WTDISP methodology improves the model results for the Canadian data. The
main reason for the improvement was the better droplet spectrum at 2m downwind measured in the wind
tunnel which effectively improved the inputs for AGDISP to model the deposition downwind. This was
clearly seen by the difference the droplet spectrum measured in the wind tunnel and calculated by AGDISP.
AGDISP overestimated the evaporation and therefore overestimated the spray drift. Further work is also
necessary to obtain droplet spectra for a range of field conditions. Also needing investigation are the effects
on the droplet spectra and spray deposition from nozzle orientation; forward speed and turbulence from the
spray equipment.
Differences in the turbulence characteristics between the field conditions and wind tunnel conditions need to
be investigated using CFD models. It is thought that the different characteristics not may affect deposition
greatly as the AGDISP algorithms are used to calculate deposition further than 2 m downwind.
The field measurements of deposition show a drop off in high wind velocities, which is contrary to the
increase predicted by the AGDISP model. This was shown not to be a result of changes in the stability of the
air, and has been postulated to possibly be either increased mechanic turbulence with higher wind speeds or
the result of the reduced collection efficiency of the Petri plates in higher wind speeds.
Further wind tunnel tests are needed at the correct spray height to validate the other trials. There is scope to
investigate the breakup and evaporation of AI nozzles as these results indicate that the evaporation rate may
be greater for the AI nozzles than the standard nozzles.
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