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Abstract

This work concerns the numerical prediction of pesticide deposits on vine by air assisted
sprayers. This numerical model consists in two different parts: the air flow characteristics
were obtained through a Navier-Stokes solver in which additional terms have been introduced
in order to account for the modification of the flow by the vine foliage. The theoretical form
of these terms was derived through an averaging procedure. As a result, the canopy effect was
modelled by introducing momentum and turbulence source terms in the Navier-Stokes
equations. The constants were identified thanks to experimental data obtained by direct
measurements of the air flow speeds through an artificial canopy. The second part of the
model consists in simulating the droplet cloud by means of a lagrangian stochastic model. The
average motion of the droplets was computed through the use of lagrangian coordinates and
the turbulence effect on the droplets was interpreted in term of statistical properties of the
droplet cloud. The tractor displacements were accounted for through unsteady boundary
conditions. Once the size and the droplets cloud locations have been determined, the deposit

was predicted for a vine row of one meter length using an efficiency coefticient obtained from
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simulations. Thanks to this approach we were able to quantify the effect of air turbulence on

droplet deposition.

Keywords: pesticide droplets, lagrangian model, particle deposition, vine, canopy, collection

efficiency

Nomenclature

If not stated, subscript i, j, k stand for the i (respectively j,k)-components of a given entity
(Einstein convention)

a: leaf area density [m™]

ajs, axs, azs: constants [m']]

b: constant [m™']

B: body forces

ci: total concentration affected to the 1 lagrangian particle
c(X,t): particle concentration

C,: drag coefficient for a single leaf []

Can: canopy drag coefficient []

Cp: droplet drag coefficient []

Ce1, C2, Cyy : constants []

d: droplet diameter [m]

d": maximum deviation of an air molecule [m]

d,'": maximum deviation of a droplet [m]

Dy: turbulence diffusivity [m2.s"]

E: collection efficiency []
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F: resistance body force of the canopy on the air [N.m™]

fy: gravity force per unit mass [N.kg]

g: gravitational acceleration [m.s?]

k: turbulent kinetic energy [m”.s™]

L: depth of the canopy [m]

my: fluid mass corresponding to a droplet volume [kg]

M;: mass carried by a given injected droplet along its mean trajectory, at the entrance of the i
section [kg]

myp: droplet mass [kg]

n : normal unit vector

p: pressure [N.m™]

Pn: shelter factor []

Su, Sk, S : source terms

t: time [s]

te: diffusion time of the cloud [s]

U: air velocity [m.s™]

U(y): horizontal air velocity at a given position y [m.s"]

U.. mean horizontal air velocity at the entrance of the canopy [m.s™]
U,: mean horizontal air velocity at the output of the canopy [m.s™']
u: component of air velocity [m.s™']

u': component of the air velocity fluctuation [m.s"]

v, : velocity vector of the 1 lagrangian particle

v: component of droplet velocity [m.s™]
v': component of the droplet velocity fluctuation [m.s"]

X : position vector (components X;)
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x: horizontal distance, parallel to the row [m]

y: horizontal distance, perpendicular to the row [m]

z: vertical distance [m]

Ol correction factor []

By, Bp: constants

dij: Kronecker symbol

e: dissipation rate of energy [m?.s™]

W: air viscosity

Wr: turbulence dynamical viscosity [kg.m™.s™']
v¢: turbulence cinematic viscosity [m”.s”]
p: air density [kg.m™]

G: variance [m]

or: turbulence Prandlt number []

Tp: droplet relaxation time [s]

y: Position vector of the | lagrangian particle

Introduction

On orchard and bush crops, pesticides are applied with air assisted sprayers. In France, the
vineyards consume around 20% of the total amount of commercialized pesticides (~100.000
ton/year) with only 4% of agricultural surface. In these crops, pesticides are sprayed with low
volume/hectare rates (50-200 1/ha), consisting of fine sprays (mainly from 25 to 500
micrometers) compared with other applications. This high percentage of small droplets makes

them very sensitive to wind resulting in important losses (in some cases more than 50% of the
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total, Da Silva et al., 2002). Uneven deposits are also observed (Pergher and Gubiani, 1995)
and crop structure and canopy spatial heterogeneity is of great influence on the quality of
actual deposit (Gil, 2002).

Vines are cultivated under different plantation forms and using different trailing systems
inducing variable distances between trees and between rows (from 1 to 2.50m), variable
heights and variable leaf densities. However, canopies during its full developing period more
or less form continuous rows standing from the soil up to 1.5m or 2m high, with a depth
ranging from 0.5 to 1.5 m and leaf area densities up to 10 m*/m”.

Several authors tried to measure relations between sprayer settlings or spray features and
deposits within orchard and vine of various size canopies. Sprayer settings include drive
velocity, number, type and size of nozzles, fan velocity, liquid pressure, spray orientation and
volume/hectare rates. They were tested for instance by Giles et al. (1989) on peach orchards,
Pergher and Gubiani (1995) on vines, Salyani (2000) and Farooq and Landers (2004) on
citrus. Important spray characteristics are air and volume flow-rates as well as spray drop size
distribution. Test series were setup by Cross et al. (2001a, 2001b, 2003) on apple trees, and
much earlier by Randall (1971). Air assistance facilitates spray penetration and shakes the
leaves, allowing a better deposit on their back side. Several authors (Reichard et al., 1979;
Fox et al., 1985; Brazee et al., 1991) focused on the features of air flow delivered by the
sprayers. Many conclusions were obtained but conception of sprayers accounting for all the
interacting parameters (atmospheric conditions are also influent factors, mainly for drift
considerations) still constitutes a challenging task. Some methods were proposed for adjusting
sprays with air flow orientation and distribution irregularities together with canopy shapes and
density (Furness et al., 1998; Van de Zande et al., 2001; Vieri and Giorgietti, 2001; Giametta
et al., 2002; Pergher et al., 2002) using vertical patternators and/or evaluation of canopy

characteristics (Miller et al., 2003).
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Field tests are long to set-up and meteorological conditions, tank mixing variability or

collection efficiency may affect data homogeneity (Teske and Thistle 2003). Thus, some
authors proposed to use numerical simulation as a way to better understand the many
phenomena occurring and to improve the calculation of the deposits within canopies. Most
advance works in spray modelling were developed for aerial spraying. The AGDISP software
(Teske et al., 2003) and its regulatory version, AgDRIFT were developed to predict the
behaviour of aircraft releases. They are based on a Lagrangian approach and use original
ensemble-averaged turbulence equations avoiding the need of any random component. A
Lagrangian approach coupled with stochastic droplet tracking was used for air assisted
orchard sprayers by Xu et al. (1998), and by Brown and Sidahmed (2001) as well who
provided computations of the horizontal travel distances of droplets released from a forestry
airblast sprayer for herbicide applications. In these Lagrangian approaches, only some
trajectories were computed, usually one for each class of droplets diameter. The total volume
rate of each class was then affected in totality to this representative trajectory.

Raupach et al. (2001a) studied the behaviour of aerial spraying using a Gaussian-plume
assumption: the deposit of spray is defined through a conductance [m.s'] and the
concentration of pesticide in the air. The authors stated that the conductance through the
vegetation was mainly due to gravitational settling effect and to inertial phenomena. In
another paper (Raupach et al., 2001b), the entrapment of particles by windbreaks was
considered. It was found to be related to the optical porosity. Finally, Farooq and Salyani
(2004) proposed a model for citrus canopies, based on the canopy features of this kind of tree,
the amount of deposit on leaves being dependant of collection efficiency of leaves and on the
air velocity within the canopy. Compared with these latter models the Lagrangian approach

provides more detailed results but, the relatively small number of representative trajectories
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which can be computed there introduce the need for an interpolation procedure in order to

account for all the droplets.

In this paper the numerical simulation of the behaviour of sprays within vine canopies by
means of a Lagrangian approach is proposed. The following simplifying assumption were
used : vine sprayers are driven between two canopy walls supposed to be homogeneous in the
travel direction and vertical, the outlets are very close to the canopy so the transport between
the sprayer and the canopy was not considered, last, due to canopy density, the evaporation
within the canopy is supposed to be negligible. The proposed model accounts for the
behaviour of the air flow within the canopy, the variation of droplet mean trajectories within
this air flow according to their diameters and initial velocities, the behaviour of the spray
clouds associated to each trajectory and the rate of input spray entrapped by the leaves. For
each of this points, appropriate methods were selected according to vine specifications and the

air flow was computed by means of a commercial CFD (Computational Fluid Dynamics) code

1. Modelling air flow within the canopy

Air flow model

A huge amount of work has already been done to analyze air flow behaviour within canopies.
Most work was developed for bio-climatology concerns to characterize transfers within the
Canopy Sub-Layer (CSL). Most often, the vegetation was supposed to be homogeneous in a
horizontal plane and only the vertical dimension was considered.

Interactions between flow and canopy act on two ways: the canopy drag force results in

pressure loss in the air flow and air turbulence is modified. It is modelled as a sink term in the
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momentum conservation equation and as a source term for the turbulent kinetic energy. Drag

force can be split into viscous drag and form drag. Viscous drag is commonly neglected. The
influence of canopy structure and variability of drag on momentum was discussed by Bache

(1986). The most common expression for the drag force per unit volume is:
F= —p.a.C, HUHG [N/m’] (1)

where C,; is the drag coefficient of the canopy, a is the Leaf Area Density, U is the upwind
velocity, and p the air density.

The turbulence modifications are a production of turbulent kinetic energy (from the mean
kinetic energy of the air flow) and a dissipation of the wakes by the elements of vegetation.
The representation of the turbulence is an important point of discussion (e.g. Wilson and
Shaw, 1977; Katul, 2004). The two equations k-€ model is the most popular in engineering
applications and was used in several spray models (Weiner and Parkin, 1993; Zhu et al.,
1994; Xu et al., 1998; Brown and Sidhamed, 2001). In this work, the Reynolds averaged
equations together with a k-¢ model were used. That makes six equations to be solved: the
three momentum transport equations (eq. 3), the continuity equation (eq. 2), and two transport

equations for k and € (eq. 5 and 6):

P opw)_, @)
ot ox,
dou,  OpvY, _p Op 9 [0u O 20w, | dPUY)
ot 0X ox; ox;| |\ox; odx; 30x ° X
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These equations are cast into two sets, one for (u, p) and one for (k, €) which were alternately
solved. The computational domain was discretised by means of a finite volume method
(Versteeg and Malalasekera, 1995). The numerical scheme was second order in space and
time.

Although the k- model is usually based on time averaged equations, the dimensional analysis
underlying the definition of a turbulent viscosity also holds for space averaging. It was
therefore possible to use the same equation supplemented by additional sources terms. An
important advantage of this assumption is the possibility to use a commercial CFD solver for
the resulting equations: in our case, CFX 4.2 (AEA Technology Engineering Software, Ltd,

http://www.aeat.co.uk/) was used. This solver was developed in England more than ten years

ago and many applications, both in house at Cemagref and abroad, gave us sufficient
confidence in the results, at least for the kind of applications presented hereafter. The quality
of the simulations was at least ascertained from the comparison with our experimental results.

The computed domain, as shown in Fig. 1 and 2, was a parallelepiped bounded by six
rectangular faces and the vine canopy was represented by an embedded sub domain. The
canopy was supposed to be homogeneous and was represented by its effects on the air flow.
Then, the drag force (eq. 1) was introduced in the momentum conservation equation through a
source term, Sy:

Sy = -Cy.a.U? (7)

Source terms were also introduced in k and € equations, respectively Sy and S.. The

expression of S is that proposed by Sanz (2003):
S, =C,.a(B,.U’ —B,.Uk) (8)
where B, is the fraction of the mean flow kinetic energy converted to wake-generated k by

canopy drag (production of k) and Bgq (=1.0—-5.0) is the fraction of k dissipated by

interactions with the vegetation. Walklate (1996) suggested that in dense canopies (such in
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vines), the production of k and viscous dissipations are small compared with the losses due to

crop/flow interactions. Then, taking B4 = 1, Si is simplified to:

Sk = -Cn.a.U.K )
S¢ is less known and the proposed formulations are mainly based on a standard dimensional
analysis (Katul, 2004). The expression retained in our work was:

Se=-Cp.aU.g (10)
consistently to the other source terms expression.
Experimental determination of C,

Laboratory experiments were set up using an air-assisted sprayer in front of an artificial
canopy, to measure vegetation resistance to airflow. Air velocities were measured with a
Phase Droplet Analyser (bi-laser) scanning smoke particles injected at the outlet of the
sprayer. Fig. 3 illustrates the organization of the tests. Measurement points were located in
two vertical planes, A and B, in front and behind the canopy. The distance between two points
was 4 cm in width and 5 cm in height.

Velocities were calculated for an acquisition time of 60s. There were 5 vertical lines of
measurements but only the three inside lines (column 2, 3 and 4) were actually represented to
avoid side effects. In plane A, mean velocity along z axis, U(ya), was about 7 m/s, whereas in
plane B, at the height of the canopy (between 50 and 150 cm), velocity, U(yg), was lower than
2m/s (cf. Fig. 2). Velocity decline is due to momentum absorption by foliage. Stating that the
velocity decrease through the canopy is exponential, leads to:

U(y)=U,exp(-C,ay) (11)
where U(y) is the horizontal velocity at a given position y (see Fig 1) and U, the mean
horizontal velocity at the entrance of the canopy. Denoting L the depth of the canopy (here

L=0.75m), Us, the mean horizontal velocity just behind the canopy, and assuming that Us is

10
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equal to the mean value of U(y,) (7.2 m/s) and Us to the mean value of U(yp) (=1.3 m/s), the

value of C, is given by:

C =— In—¢ (12)

The leaf area density, a, was obtained after gathering all leaves of the artificial plant, by
recording images of each leaf with a scanner and then by sizing them using image analysis
tools. Its value was 7 m™, giving then:

Ch, =03
This value is in agreement with those found in literature, where 0.1 < C,, < 0.5. The value 0.5
corresponds to a single leaf perpendicular to the flow. The 0.3 value obtained is due to a
shelter effect, caused by the surrounding leaves. The shelter factor, p,, was defined by
Raupach and Thom (1981) as:

Pn=Co (U) / Co (U) (13)
where C, is the friction coefficient for a single leaf, C, the effective friction coefficient and U,

the air velocity. In the case of the artificial plant, applying equation (13) gives p, equal to 1.7.

Model setting

11
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The computed domain is shown in Fig. 2. It was uniformly covered with cubic cells which

sides correspond to a 5 cm actual length. The air flow and, in the next stage, the droplets are
injected in a plane which will be referred to as the inlet boundary. Boundary conditions were
defined for the six rectangular faces bounding the domain. Because of the airflow generation
process, constant pressure boundary conditions were used for all the bounding faces except
for the inlet boundary and for the ground face where no-slip boundary conditions were used.
The inlet boundary, shown on Fig. 1 and 2, is 3 m long and 0.9 m high; it was discretised into

1080 cells (60x18).

Results
The comparison of simulations and experience (Fig. 4) shows that, on the whole, computed
velocities satisfactorily fit measured ones. Hence, the used resistance force gave a good

approximation of the canopy effect on air flow.

2. Simulation of mean trajectories

Lagrangian model

Assuming, there is no interaction between the droplets and the airflow, droplet transport is

governed by equation (14):

d(;i[i =C, nd2 pHu—Vu(u v )+ ( . f)gi ”
@,
dt

where v; is the i-component of droplet velocity, Cp the droplet drag coefficient (computed

from the Reynolds number of the droplet.), m, and d the droplet mass and diameter, u; the i-

12
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component of air velocity, my the fluid mass corresponding to a droplet volume and g; the i-

component of gravitational acceleration. y, stands for the position vector of the 1 droplet, and
v, for its velocity vector.

The turbulence effect on the trajectories can be dealt with in many different ways. General
CFD codes as CFX or Fluent (Fluent Inc., Lebanon, N.H.) describe the effect of turbulence
dissipation by stochastic droplet tracking assuming that the air fluctuating velocities obey a
Gaussian probability function (as described in Reichard et al., 1992). Another method is to
use random-walk models where the temporal fluctuation of the air velocity is determined by
means of a Markov process (described for instance in Miller and Hadfield, 1989; Mokeba et
al., 1997 or Xu et al., 1998). The AGDISP model is based on a spectral representation of the
fluctuating velocity (Teske et al., 2003). The present work was based on the computation of
averaged trajectories for a set of representative droplets. At this stage, only the mean flow was
accounted for. Each droplet was assumed to correctly represent the average motion of a set of
similar droplets gathered in a “droplet cloud”. The air velocity fluctuations were accounted
for through the expansion of these droplet clouds along the averaged trajectories. As a result,
the droplet concentration associated to the 1 lagrangian particle is expressed as the Gaussian

function:

- 3 c (x; — Xli(t))z
_ 1 _ i : 15
o0 1_1[ L) " ( o () J ()

The equation governing Gi(t) is further described in the next section.

Model setting
Droplets, assisted by air flow, were injected from the inlet boundary, at a 0.3 m distance
from foliage. To represent the horizontal displacement of the sprayer along the vine row, the

airflow starts abruptly according to a Heaviside function, so that it can be considered to be a

13
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vertical band moving from the left to the right, according to the tractor displacement direction

(x-direction). The band width can be regulated in a Fortran routine associated with the
numerical simulation.

Droplet distributions were measured with the Phase Doppler Analyser and were sorted
within five diameter classes. The input spray was represented by 4 injection points, in a same
vertical axis. At each injection point, a droplet of each diameter class was released with the
flowrate of the entire class. The droplet input velocity was set to the mean air velocity input.
As far as the droplets are concerned, they are assisted by the airflow. At a given time step, 20
droplets of the 5 different diameter classes are ejected from the 4 vertical positions
corresponding to the 4 outlets. In the following step, the injection position moved forward, in
the x direction (cf. Fig. 5). The injection of droplets was set to occur during sixty two-second
steps. This time corresponds to the tractor moving at a speed of 1.5 m/s in front of a 3m vine

row. To summarize, 20 x 60 = 1200 mean trajectories were computed.

3. Computation of cloud expansion
Expansion model

The 1200 mean trajectories are not representative of all individual droplets ejected from
the sprayer. The individual droplets are much more numerous. Therefore, these many droplets
were cast into 1200 possibly overlapping clouds surrounding the 1200 previous particles. The
individual motion of a droplet belonging to one such given cloud was assumed to be defined
as the addition of the corresponding mean motion plus a fluctuation. These fluctuations were
expected to be conveniently modelled by independent Brownian motions whose diffusion can
be related to some turbulence quantification. With this hypothesis, for a given diameter, the

position of one set of droplets around their mean trajectory was supposed to follow a Gaussian

14
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distribution whose variance is a function of turbulent parameters of the k-¢ model. Turbulence

viscosity is defined as:

v, =C,~— (16)

D, = (17)

where o7 is the turbulence Prandlt number.
To respect energy conservation, a factor 1/3 appears for each velocity component. It means

that for i-component, turbulence diffusivity becomes:

1 1%
D. =—D.= T 18
Ti 3 T 3 G . ( )
Following the Brownian motion model, the expression of variance is given by:
2 C L k ?
6" =2D,t, =2 —+—|t, (19)
‘ 3o,¢

where t. is the diffusion time of the cloud. Hence, the variance of the cloud is function of k

and € and is time dependant.

Integration of turbulence parameters in space and time

15
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The vine domain was divided in 240 elementary representative volumes (EV). An EV is a

cube, which sides are 30cm long and it is considered as a homogeneous domain. It then
contains 6° (= 216) cells. A post-process was developed to compute the variance of the cloud
for a given mean trajectory and for every crossed EV. The diffusion time of the cloud, t., is
the crossing time of the EV. It depends on droplet inertia and on the distance travelled within
the EV. Turbulence energy and dissipation rate were integrated within all computing cells

contained in the EV during this time t, (cf. Fig. 6).

Correction factor including droplet relaxation time

The variance previously defined for the expansion of the cloud only corresponds to the
expansion of air molecules. Brownian motion is indeed only of value for particles smaller
than one micron. The variance of the expansion of the cloud for bigger particles must include
a correction factor, 0., relating the dispersion of air molecules and droplets, by taking into
account the relaxation time of the droplets.

If Ao is the air molecules variance increase (for i-component) while crossing an EV, and
Acp; the corresponding actual expansion of a droplet cloud, the correction factor will be:

_ Aoy,
¢ Ao,

1

a <1 (20)

o, tends to 0 when droplet diameter becomes very big, and o, = 1 for very small droplets.
Calculation of o follows:

If u;' is the i-component of the air velocity fluctuation, it was assumed that the corresponding

droplet velocity fluctuation followed an exponential law defined as:
v/ =u/f-""). @
where T, is the droplet relaxation time.

In a given EV, the maximum deviation of a droplet, during a crossing time, t., is:

16
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d,'=[vdt, (22)

while the maximum deviation of an air molecule is:
d'=u't . (23)

1 1 °C

Then, it can be considered that o is given by:

o, =2 (24)

In this work, the relaxation time, T,, was estimated for each class of droplet diameter without
considering non-linear forces. A cloud that increases while crossing the vegetation (as

illustrated in Fig. 7, for the z-component) was associated to each mean trajectory.

4. Particle deposition

Impact model

As the canopy was represented as a homogeneous domain, it was necessary to determine
the part of the spray retained by the leaves. Most models compute deposits as proportional to
a “collection efficiency” (or “impaction efficiency” or “probability collection™) which use and
definition is variable but which always accounts for the inertial behaviour of the droplets and,
in some cases, for the entrapment behaviour at the leaf level (Xu et al. 1998; Raupach et al.,
2001b; Teske et al., 2003; Farooq and Salyani, 2004). The description of the expression of
this coefficient will not be considered here.

The 240 EV were grouped in 5 vertical sections in depth direction (y). The mean
trajectories cross successively the 5 sections and thus, five EV, assuming that the droplets

never return backwards. In each EV, the deposit was computed as the mass carried by the
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fraction of each cloud (around each mean trajectory) crossing the EV, corrected by a
collection efficiency, denoted E. For every crossed EV, the deposit is then given by the

relation:

(25)

Dep =V, XEXM, X V;
\

M; is the mass carried by a given injected droplet along its mean trajectory, at the entrance of
the i section. At the entrance of the canopy, M; is computed from the mass flow rate of the
sprayer. At the it section, M; = M. - Depi.;’, where Depi.; stands for the sum of the deposits
in all the EV's of the section i-1. nis the normal unit vector of the entrance plane in any EV. E
was obtained from repeated simulations with injections in front of squared vertical leaves,
depending on the droplet diameter and velocity, on a shelter factor and on the leaf area
density. Vi 1s the fraction of the cloud that enters a given EV as shown in Fig. 8. The
standard deviation of the cloud ¢ is the same in both x and z direction ((5* = Ox = G;). Then,

writing the Brownian expression of the cloud within the limits of an EV gives:

1 1
XCTX/Z 1 _ 26*2 z Zc+Az/2 26*2 (Z_ZP)Zd (26)
Z
* I / *
Xe-axn V2O ze°nn N 21O

Vﬁac

where x. and z. are the co-ordinates of the centre of the EV, Ax and Az the size of the EV, x,
and z,, the co-ordinates of the droplet at the EV entrance.

Viae 1s computed for all the EV's of a same vertical section crossed by any part of the cloud
allowing then to obtain the deposit within each EV. The deposits are ultimately tallied in

every EV for all injected droplets.

Example of results
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Trajectories were computed for 3 meters of vegetation length. Only a one meter long

central section was kept in order to avoid boundary effects. The LAD was 7 m™ for all the
EV's and the shelter factor was p,=1.82. The deposits accumulated along this meter of vine
length show an exponential decrease, as for a scalar, S, crossing a canopy (cf. Fig. 9):
S=S,xe™’ 27)

Walklate (1996) suggested that b = a;s + ays + azs where ays accounts for the vegetation, ajs,
for the expansion of the spray, and azs, for leaf movement. In our case, ays is known (axs = C,
a), and asg is neglected. As a result, the model can be used to evaluate the turbulence effect on
the deposit yielding:

ajs=b - aps (28)

Conclusion

The approach proposed here allows us to predict the effect of physical parameters (droplet
diameter, air and droplet velocities, air turbulence at the sprayer output, flow rate, leaf area
density) on spray efficiency within the canopy. The model doesn’t take into account the
transport between the sprayer and the canopy and focuses on the behaviour inside the canopy.
In row per row applications, this representation is expected to be sufficient to describe the
entire process. In the general case, with airblast or pneumatic sprayers, when vines are
sprayed every two rows (or more), an important amount of spray can be lost in the air and
transport and evaporation outside the canopy must be considered.

The model is based on the representation of the canopy through a resistance force as well
as modifications of turbulence parameters. Then, the spray is represented by a selected

number of droplet clouds. The history of each cloud is derived from the individual trajectory

19



Arthur Da Silva, Carole Sinfort, Cyril Tinet, Daniel Pierrat, Serge Huberson. A Lagrangian model for spray behaviour within vine canopies.
Journal Aerosol Science, 2006

author-produced version of the final draft post-refeering

the original publication is available at http://www.elsevier.com - doi:10.1016/j.jaerosci.2005.05.016

of one representative droplet and a Brownian motion. It was also assumed that the droplets of

one particular cloud have approximately the same diameter and carry an equivalent mass of
liquid. One key element is the model for the expansion of droplet clouds around the mean
trajectories. This expansion is obtained through the relation between the Brownian motion
parameters and the turbulence and droplets dynamic. The different droplet sizes were
accounted for by mean of a relaxation time. The canopy is divided into elementary volumes
with variable leaf area densities. The deposits are obtained for each of these elementary
volumes. The computation of the deposit relies on a collection efficiency factor which was
obtained by separate simulations. This collection efficiency could be used to analyze the role
of the influencing parameters and to improve the pre-existing relations. A further work will
focus on this point.

One particular advantage of our model is the relation which was clearly established between
the different physical phenomena, their mathematical representation using physical
parameters and their introduction into the final deposit estimate. The next target will be to use

this model to improve and optimize air assistance in sprayers.
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