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Abstract

A mathematical model was developed to get an equation of the decrease of air
velocity crossing the canopy of tree crops during pesticide application using air
carrier orchard sprayers. The utility of such a model rises from the need for an aid
to understand the experimental results of several authors, who agree with the
opinion that air jet velocity greatly affects environmental pollution from pesticides.
Further, probably in the future it will arise the demand to implement the equation
of air velocity decay in self-adjustment systems of the fan installed on orchard
sprayers to limit spray drift. Based on momentum theorem applied under three
assumptions, a differential equation was found and its integration lead to a closed
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solution that can easily be implemented in a PLC for the self-adjustment system to
develop. The integral equation thus obtained, together with the assumptions made,
was submitted to on-field verification on three crops (peach, vine and apple). The
results show a good correspondence between measured and estimated air speed as
predicted by the mathematical model, with a relative mean error 3.3% and a
maximum value of 6.2%.

Keywords: Mathematical modeling; Momentum theorem; Velocity decay
equation; Air jet; Air-assisted sprayer; Orchard; Vineyard; Agricultural
engineering

1. Introduction

Air assisted sprayers are widely used for spray application in fruit and vine
growing. The air jet is often produced by an axial fan, less frequently by a
centrifugal one; anyway, the air stream first hits the nozzles, then drags the
droplets to cross the crop row.

It is easy to understand that air velocity of the jet strongly affect the effectiveness
of treatment, with particular reference to the fraction of spray that the canopy can
retain compared to the total sprayed amount. Since the amount not retained is lost
in the environment, it is necessary to reduce this fraction, not only for economic
reasons, but also for ecological issues.

For example, a recent research showed that in peach orchards with given
dimensions, the velocity of the air jet entering the canopy affects spray losses [1];
in particular, when velocity is too high, the likelihood of alignment of leaves
according to air direction increases, thus causing drifting of a relevant percentage
of droplets beyond the tree row.

The results of further specific experiments in vineyard [2] indirectly confirm this
assumption. By the way, thirty years ago [3], based on experiments carried out in
Hungary, it was indicated that a velocity of the air jet over 2+3 m/s (referred as
the greater value along the cross profile) at the exit of the tree row causes a
decrease of droplets retention in the canopy, hence increasing drift.

Therefore, it seems to be useful, aiming to a better understanding of experimental
results, to have available an equation of the velocity of the air jet as a function of
the distance from the outlet of the sprayer fan, as air crosses the canopy.

It could also be useful to provide the sprayers with a self-adjusting system to set
the fan speed to keep the optimal air jet velocity at the exit of the canopy, both
respect to the height of the row [1] and to the growth stage [4].

This equation is well known with reference to a jet freely diffusing in the
atmosphere [5]. It is useful to link the velocity of air entering the row with the one
at the fan outlet; this last one is directly proportional to fan flow rate and hence to
fan speed. To complete the data, it is necessary to find the equation of the air
velocity crossing the tree row.

The aim of this paper is to find a solution to the mathematical problem of the
velocity decay of the air jet as it crosses the foliage layers of the tree row. It must
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be a closed solution, as made in previous researches [6, 7], having the same
objective to obtain an equation to be easily implemented in a control system. In
this case in the hypothesized [4] possible self-adjustment system for orchard
sprayers.

The equation of air velocity decrease along the tree foliage lies upon three
assumptions:

1. foliage is uniformly distributed in space, and subsequently the LAD (Leaf
Area Density) is constant;

2. forward motion of the sprayer is ignored, since its velocity is one order of
magnitude lower than air velocity from fan exit, and no effect of travel speed on
spray deposition in the canopy was experimentally observed [8];

3. inverse relationship between drag coefficient and air velocity is considered.

The third assumption, also proposed by other authors [9, 10], has been following
verified with a wind tunnel tests.

Finally, the obtained equation was confirmed by a field test, measuring the
velocity of the air out of the row compared to the one entering on three crops: vine,
peach and apple.

2. Velocity of air jet free diffusing in the atmosphere

A short review of the theory of an air jet freely diffusing in the atmosphere,
adapted to the sprayers [5], is useful to introduce the mathematical development
of the axial velocity decay equation of air jet crossing the canopy of tree crops.
According to Brazee [5], an air jet diffusing in the atmosphere and exiting from an
arc-shaped outlet (as in most sprayers) 2bowide, is marked out for three zones (fig. 1):
the first one, close to the outlet (initial region), the second (transitional region) and the
third (main region).

Since in the output section air velocity vy, is constant along the whole section
(irrotational flow), the initial region includes a wedge-shaped core where air
velocity remains constant and equal to v, and a peripheral part where diffusion
with ambient air starts, thus including this last one within the jet.

In the transitional region, diffusion goes ahead extending also to the central
section, where the axial velocity vy, which is also the maximum velocity on the
transverse profile of the jet, progressively decays as distance from the outlet
increases.

In the third region, the diffusion is fully established, so the diffusion triangle is
open at most; its sides limit, for this region, the motion field from the calm air.
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Fig. 1 — Diagram of an ideal jet in free diffusion

In the third main region, the profiles of velocity are characterized by similitude;
Schlighting [11] found that the integral mean velocity on the width 2b, vxm, is a
fraction A =0,316 of the maximum velocity (on centerline) vx, with A1 constant

and independent from the distance x. Also the integral mean of the squared
velocity on the width 2b, vZ, is a fraction A, =0,45 of the maximum squared

velocity (on centerline) v, with A, constant and independent from the distance x:
Vim = A -V (1)
Vien = Ap -y )

Considering these relationships and under the assumptions of absence of wind and
null forward velocity of air-assisted sprayer, Fox et al. [12] and Randall [13]
proposed that maximum axial air velocity vy, i.e. in centerline, decreases as x
increases according to the following equation, obtained through the momentum
conservation law:

X=X, )(X+T,

v, :3.8((%"0—"'“’)} | Vio ©)

where (see figs. 1 e 2): vyo is the maximum velocity at sprayer output (m/s); 2b, is
the width of the outlet section (m); x is the distance travelled by the air jet from
the outlet (m); Xo is the distance, normally negative, between the vertex of the
diffusion triangle and the outlet section (m); ro is the radius of the border of air
outlet from the sprayer (vertical view of fig. 2); n2 is the ratio between the integral
mean of the squared velocity on the width 2b, (fig. 1) of the outlet section and the
maximum squared velocity (on centerline) in the same outlet section.
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Rather than assuming the irrotational motion in the outlet section, and therefore
n, =1, Brazee [5] assumed n,=0.76. This allowed him to ignore the transition
zone, because he had experimentally found that this zone was very small.
Therefore, it is possible to consider a direct pass between the initial region and the
main region (xa = Xt), with the advantage that distance X, can be more easily
calculated with a good approximation according to:

v nZ'bo'ro 4
XO_Xt Cm'Az'(Xt+r0) ()

Iy I’02 bo'ro "
X‘_Xa__5+[7+0.27'(1—2@+A2)J ©)

where: Xa e X are understandable from fig. 1; Cn is the tangent of the vertex
semi-angle of the diffusion triangle (figs. 1 e 2) and its value is 0,22 [5, 13]; the
diffusion triangle represents the shape of the air jet that proceeds diffusing with
semi-width b:

b=Cp-(x=%,) (6)

3. Velocity of the air jet in the canopy

3.1 First and second assumptions

Figure 2 shows the section of a tree row with the air jet coming from the sprayer.
Let us consider the assumption that foliage is uniform and hence the jet crosses it
keeping its width 2b according to the equation (6). We know that this assumption
is not actually verified, both because leaves are not evenly distributed in the
foliage and because of the various sized branches in the canopy. Nevertheless, it is
necessary to the mathematical development, and the final equation includes a
parameter depending on the features of the foliage as well: the experimental
determination of this parameter will automatically correct the equation. This
method is very frequent in engineering sciences.

As mentioned in the introduction, the second assumption refers to the analysis of
the air jet dynamics without considering the forward motion of the sprayer. This is
acceptable because the working speed of the sprayers vs is normally between 2 and
4 m/s, about one order of magnitude lower than the velocity of the air jet vo,
which ranges between 20 and 30 m/s.

3.2 The control volume

Fig. 2 shows in particular a control volume for the application of the momentum
theorem to get the equation of air velocity vx(X) in the foliage as a function of the
distance x. The control volume, on the horizontal plane at distance x from the outlet
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section of the sprayer, is 2b=2C,-(x—x,) wide and has an infinitesimal thickness

equal to dx. On the vertical plane, the control volume appears as a sector of an
annulus, with thickness dx, subtending an angle g and with the inner arc equal to
B-(r, +x), where rq is the radius of the outlet border of the sprayer.

So the control volume results:

dV =2C,,- B-(r, +x)-(x—x%, )-dx (7)

while the inlet and outlet areas are:
a=2C, - (1, +x)-(x—x,) (8)
a+da=2C, - B-(r, +x+dx)-(x+dx—x,) 9)
After having specified the leaf area density pi, also known as LAD (m?/m?), as the
ratio between the area of the leaves included in a given volume, and after having
considered it as constant due to the assumption of the uniformity of the foliage

(see par. 3.1), we can write the leaf area dS within the control volume as follows:

dS=pg-dV =70-2C-B-(f,+X)-(x—X, )-dx (10)

Fig. 2 — Geometrical elements defining the control volume: vertical view (left), plan view (right).

3.3 Momentum theorem

The application of the momentum theorem [14] to the control volume [15]
establishes that the difference between the ingoing momentum flux and outgoing
momentum flux shall equal the drag force opposed by the foliage items (leaves
and branches), considered according to the assumption of par. 3.1 as uniformly
distributed within the control volume.

The ingoing momentum flux, also according to (6), results:
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Pi :pa-ﬂ-(l’o+X)'jV2‘dy:pa-ﬂ-(r0+X)-2Cm '(X_XO)'me (11)

2b

where: pa is the air density; 2 =;J‘v2~dy is the integral mean of the

M2C, (x=X%,) 5

squared values of velocities along the width 2b.We can also write thatvZ, = A",-vZ,

where vy is the maximum velocity respect to the width 2b and 4’ is unknown,
because it depends on the way the foliage interacts with air. Therefore, it may also
differ from the A in equation (2), but, as well as A, also 4> can be considered as
constant related to x because the canopy is assumed as uniform along x axis too,
according to the assumption in par. 3.1.

Finally, momentum flux ingoing pi and outgoing pe are respectively:

P =Pa Bl +X)-2C, (X=X, )- A7 (12)
Pe =Pa- B+ (ly +x+dx)-2C, - (X+dx =X, )- A'p-(Vy +dvx)2 (13)

Their difference, after development and ignoring the higher order infinitesimals,
results:

Pe— P =Pa 2Cy-B- A", |:(2X—XO +ro)vf (X=X )(X+1,)2:Vy c:}lixx}dx (14)

Inside the control volume, the resulting drag force is:

1 1 '
aT =5 PaCr -dS-v2 =—5Pa G A 2C B (1, +X)-(x=%,)- AV -dx  (15)

where: the drag force dT is opposite to velocity vy, ¢r = c¢r(vx) is the unknown
adimensional drag coefficient and pi (m?m?) is leaf area density. Making (14) and
(15) equal, with respect of momentum theorem and simplifying, it results a ODE:

dv, (2x=x,+1,)
—X 4
dx  2(x—X,)(x+1,)

vx+%g-cr~vxzo (16)

3.4 Third assumption

Fraser [9] showed by wind tunnel testing that drag coefficient c, of the foliage of
conifer trees is inversely proportional to air velocity when this last have high
values enough. Further, Tsatsarelis [10] observed that this is verified in
broad-leaved trees when air velocity vx exceeds 3 m/s and deduced that, beyond
this limit, the leaves begin to direct themselves increasingly according to the
direction of the airstream as result of streamlining, thus leading to a higher decay

of the drag coefficient. This last one becomes c, =V£ , respect to the classic law

X
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such as cr:% where Re is Reynolds number and n<1 related to the
(S

transitional motion, or n=0 related to the turbulent motion along fixed objects.
The differential equation (16), with v, >3 becomes then a linear ODE:

dv, (2x—X,+1,)
—X 4
dx  2(x—X,)(x+1,)

vx+%k-,q:0 (17)

3.5 Solution of the linear differential equation
Solving the (17) it results:

Vy = G((:X) _k]:_éq[(zx_ X0t ro)_ (rOG-’_())((O)) In(ﬂ+ VXX )] (18)

where: G(x)=,/(x—x,)-(x+r,); C is the constant of integration, obtainable by
imposing the conditions v, =v,, for x=x; X and vy are respectively the
coordinate and the velocity of air entering the foliage; this last is known by
applying the (3) for x=x;:

o mabr )T 19
38[(xi—xo><xi+ro>J . 19)

Therefore, the (18) becomes:

v =v-G(Xi)—k'—”[<2x—xo+ro>—<zxi—xo+ro>‘;((j))—“g(§3> .n( Jio X k% H

With the typical values of x,x,r,x, in orchard and vineyard spraying, the
contribution of the third addend into the square brackets is negligible, therefore:

k. G
Vy =V, () —l—éq{(ZX—xo +1,)—(2% =%, +1,) G(x)} (21)

The constant C can also be calculated applying the conditions at the exit of the
foliage: v, =v,, (for example, according to Trefan [3]: v, =v,, =3m/s) for x=x,.
Therefore, the (21) becomes:

Vv, =V G(x) —k'—n{(2x—xo +1,) = (2%, — X, +rO)G(Xe)} (22)
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Dividing the (3) by the (19), it results:

_, S(%)
e (23)
So the (21) is just the extension of the (23), that means of the (3), when the air
crosses a volume with foliage ( g4 >0). It should be reminded that the (21) and (23)

are valid under the assumption that velocity is v, >3thus resulting: Cr:ﬁ_

X

Further, they are also valid when foliage is uniform (par. 3.1), and therefore 4 e
A’> are constant respect to x. The factor g -kis to be determined experimentally,

thus correcting also the simplification coming from the assumption of the
uniformity of foliage in par. 3.1.

4. Experimental evaluation

The theoretical development of the equations (21) and (22) included the
assumption (par. 3.4), according to Tsatsarelis [10], that forv, >3, the relationship

between the drag coefficient cr and the velocity vy is like: c, =£. Consequently,

X

the experimental focused first on the verification of this assumption. Second, a
field test was carried out to measure the velocity of air on exit from the rows of
three tree crops, then comparing them with the values predicted by the equation
(21).

4.1 Materials and methods

To verify the assumption in par.3.4, represented by thec, =VL, a wind tunnel was

X

built, made up of a square section 0.8 x 0.8 m? and 5 m long tunnel. A twin
centrifugal fan was installed on one end, with a maximum flow rate of 7 m*/s and
air velocity up to 11 m/s. A variable speed gearbox between the electric motor and
the fan, together with the possibility to reduce the intake area, allowed adjusting
the air velocity v, step by step from 0.5 up to 11 m/s. The tunnel was equipped

with a honeycomb flow straightener, after which the air speed meter was placed.
The probe vane (10 mm diameter) was connected to a data logger and it was
calibrated to record each test as a mean of 64 values, each one measured shifting
the placement of the probe along the tunnel section. The air jet hit a plant of Ficus
beniamina L. Placed before the exit of the tunnel; the trunk of the plant stuck out
from the base through a slot, so that the pot containing the roots was connected to
a dynamometer to measure the force T (N).

After the test, the leaf area density pi (m?/m®) of the plant was measured, taking
out le leaves included in a known volume V.

This way the trend of the quantity k=c, -v,, as affected by air velocity vxm, was

assessed, according to:
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2:[|

— (24)
VAV

1
|T|=Ecr AV-A 'Vim =K =0 Vyp =

thus verifying in which range of air velocity the mentioned quantity k resulted

constant and, therefore, the inverse proportionality relationship crzvL was

X
applicable.
The same vane probe and data logger were also used to measure and record the air
velocity vy at the exit from the tree row of the three crops (vine, peach and apple)
in order to verify experimentally the equation (21). Each of the found values is the
mean of 5 replications obtained by moving forward the sprayer 1 meter each time
along the inter-row. Each replication considered the measurement at a constant
height from the ground, equal to 1 meter.
For each of the three crops, 3 tests were performed, with 3 different air velocity vy,
at the outlet of the sprayer (20.9, 24.5 and 28.7 m/s) and therefore 3 different
velocities of air v, entering the foliage (table 1).
Considering the inter-row distances and the different widths of the rows of the
three crops, the values (means out of 5 measurements, 1 meter constant distance
from the ground) of the horizontal coordinates x; € xe ingoing and outgoing the
row are reported in table 1.
With reference to figures 1 and 2, table 1 shows also the values of the quantities ro
and bo, measured on the sprayer, and x: and Xo, calculated with the equations (4)
and (5).
For each crop, the mean values of the quantities ro, Xo, Xi, Xe, Vxi and Vye (tab. 1) and

of the derived ones G(x)=x %) (x+%)+ G)=y(% %) (% +r), Were used to

find the unknown variable, here named resistance factor, k-g by means of the
equation (21):

(25)

k-a :16(vxi%—vxej-{(er—xO+ro)—(2xi X +T)

5. Results and discussion

The tests in wind tunnel carried out to confirm the assumption made in par. 3.4,

described by the c, =V£, after having applied the equation (24), allowed to

X

calculate the values of k as shown in the diagram of fig. 3. k results nearly
constant and equal to a mean value of 1.1 m/s since an air velocity in tunnel
v,, =4m/s. Anyway, with an error <5%, k can be assumed as invariant up to the
air velocity of 3 m/s, thus substantially confirming the results found by Tsatsarelis
[10].

The value of leaf area density pi, essential to apply the (24), resulted 4.5 m?/m?,
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Fig. 3 — Relationship between k parameter and air velocity Vym.

Table 1 reports the results of the field test as referred to the mean values of
maximum air velocity vye out of the tree row and the relative standard deviation
(S.D.). These last ones resulted higher in peach orchard, because of the greater
non uniformity of the foliage compared to vine and apple.

For each crop, table 1 reports also the resistance factor k-p| obtained from equation
(25) considering the mean values of vxi and vke. Then the equation (21) was
calculated using the resistance factors &-p; to get the three values of air velocity on
exit vxe—equation (21) — corresponding to the respective values of vyi.

Using equation (3) (table 1), it was also calculated the velocity of the free
diffusing air jet vxe, namely like in absence of the tree row, at a distance Xe.

For a complete presentation of the results, figures 4 and 5 show the trends of
maximum air velocities vy relative to the horizontal distance x from the outlet of
the sprayer. The dotted curves, obtained with the equation (3), refer to the free jet
and show that maximum air velocity (on centerline) is constant and equal to vxo In
the initial region up to Xi=Xa.

The diagrams, from distance x; also show the curves of decay of velocity vy within
the canopy as predicted by the equation (21). Finally, the experimental values of
Vxe and the relative standard deviation bars are shown.

The graphs highlight that the decay of air velocity in the foliage, compared to the
free jet, is greater in vine and apple and smaller in peach, according to the minor
resistance factor k-p| of this last crop.

Table 1 — Geometrical data measured on the crops and on the sprayer and air velocities measured
and predicted.

Crop Peach Vines Apple
Training system Open center Cane Central leader

ro (M) 0.47

bo(m) 0.075

Xo (M) -0.085

Xt (M) 0.373
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Table 1 (Continued): — Geometrical data measured on the crops and on the sprayer and air
velocities measured and predicted.

xi (M) 0.67 0.71 0.63
Xe (M) 2.32 1.94 2.08
Vxo (M/S) 20.9 245 28.7 20.9 245 28.7 20.9 245 28.7
Vxi (M/s) 14.0 16.4 19.2 134 15.7 18.4 14.7 17.2 20.1
Vxe (M/S) experim.| 3.5 4.2 5.6 3.1 4.0 56 2.7 3.9 51
S.D. of vie 0.9 0.8 0.5 0.6 0.5 0.6 0.2 0.4 0.5
kepr (s 5.3 12.2 10.4
ke (M/S) eq. (21) | 3.5 4.4 5.4 3.2 4.2 5.4 2.9 3.9 5.0
Ve (M/S) €q. (3) | 5.0 5.9 6.9 5.9 6.9 8.1 5.5 6.5 7.6
30 T T 30 r r
B DYJ A R S bt freeairjet | | 9 —t——{ 7 freeairjet | |
E 20 f==== - apple:calc. | | g 20 \\ apple:calc. | |
= XS o apple:exp. | | < * o apple: exp.
% 1(5) \ - % iz \\\ - pp p. ||
g s e I e S B %
< 0 < 0
0 0.5 1 15 2 25 0 0.5 1 15 2 25
Distance from exit sprayer x (m) Distance from exit sprayer x (m)
30 T C T T A . ) ) )
25 ~ L - freeairjet | | Fig. 4 — Maximum axial velocity vy of free air
r\é‘ 2 kS apple: calc. | | jet (_centerline) related to dis'gance X (- - - -),
< \ o apple:exp. predicted by eq. (3). The maximum velocity of
e Fom N air jet in the foliage, predicted by eq. (21) is
8 V717 == - also shown for apple trees (------ ), with the
z ° experimental value (°) at distance Xe. Graphs
< o0 are sorted clockwise for increasing air velocity
0 05 1 15 2 25 on exit from the sprayer vy.

Distance from exit sprayer x (m)
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30 T T 30 T r
PO I I B freeairjet | | PP B B B bt freeairjet | |
Q heee peach: calc. @ | ines: )
£ 20 oy —| E 20 F====ag vines: calc. | |
X 1s \ o peach:exp.| | ‘;’ 15 BN ° vines:exp. | |
2 N > R
g 10 == S 10 . _
s 1 | The==la_ 8 —-L_
> 5 = [ —~———
Z g ; 5 —
< 0 z 0
0 05 1 15 2 25 0 05 1 15 2 25
Distance from exit sprayer x (m) Distance from exit sprayer x (m)
30 — 30 T :
25t —— freeairjet | | P1-S I R NN freeairjet | |
Q ™ . —~ DN
2 2 . peach: calc. || E 20 N vines: calc. | |
~ \ . A)
é 15 _ © peach:exp. | | ‘;’ is \\ o vines:exp. | |
S 10 TS 2 L
s} L CT o 10 =
= —d——— =] [~~~
> 5 T ] ==
2 : =~
0 Z 0
0 03 ! 12 2 23 0 0.5 1 1.5 2 25
Distance from exit sprayer x (m . : :
pray (m) Distance from exit sprayer x (m)
30 T T T 30 o< T T
25 N T freeairjet | | 95 ~N T freeairjet | |
;g 20 - peach: calc | | g 20 A vines: calc. | |
z 15 N _ o peach:exp.| | 5 15 \‘\ e vines:exp. | |
"? \\~~ Pl N N
S 10 T t===__C 'S 10 <>T~==C
g s = T i
.= .:
< o0 < o
0 05 1 15 2 2.5 0 0.5 1 15 2 2.5
Distance from exit sprayer x (m) Distance from exit sprayer x (m)
Fig. 5 — Maximum axial velocity vx of free air jet (centerline) related to distance x (- - - -),

predicted by eq. (3). The maximum velocity of air jet in the foliage, predicted by eq. (21) is also
shown: peach on the left, ( ), vine on the right (------ ), with the experimental value (°) at
distance x.. Graphs are sorted top to bottom for increasing air velocity on exit from the sprayer vyo.

The diagram of fig. 6 shows the direct comparison of the values of air velocity vye
predicted by the equation (21) and measured. The experimental value is reported
as the mean value with standard deviation bars.

As pointed out in the graph, the experimental mean values are similar to predicted
ones with a mean relative error of 3.3% and a maximum relative error of 6.2%.
These errors are fairly acceptable, even if measured values of air velocity reveal
standard deviations sometimes relevant.

This means that, to determine the mean value of the resistance factor k-p; (for a
given crop at a certain growth stage) by direct measurement of air velocity on exit
from the foliage and subsequent application of equation (25), a repeated sampling
of vye Is always need.
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Experimental air velocity vxe (m/s)
&~ v
—

Calculated air velocity vxe (m/s)

Fig. 6 — Average experimental air jet velocity vx. completed of S.D. vs. calculated air jet velocity
by eq. (21): o apple; * vines; o peach.

6. Conclusions

Several experimental work confirmed the importance of the velocity of the air jet,
produced by the fan of the sprayer, which carries the droplets of plant protection
products during spray application in fruit and vine growing. The results agree that
excessive air speed increases pesticide losses in the environment, while, on the
other hand, when air jet is too slow, uniformity of spray deposition in the canopy
gets worse.

For a better understanding of these results and, in view of developing a
self-adjustment system of the fan for orchard sprayers, it seemed useful to have an
equation to predict the decay of air velocity as a function of the distance from the
outlet of the sprayer while air crossing the tree row.

To achieve the equation, the momentum theorem was applied to a control volume
inside the foliage, under three assumptions, thus obtaining a differential equation
whose integration led to a closed solution (21) easy to implement in a PLC for a
future self-adjustment system for orchard sprayers.

The first assumption, related to the disregarding of travel speed vs, was legitimate
by its tenfold lower value compared to the air velocity vx. The second assumption,
about uniformity of leaves distribution in the canopy, that is to say that leaf area
density pi is constant, was made acceptable by experimentally determining — for
each crop and growth stage — of a mean value of the resistance factor k-pi. This
was moreover easy to find, since based on the same integral equation (21),
properly rewritten (25). The third assumption, about the inverse proportionality
between drag coefficient ¢, and air velocity v, was verified by a lab test in wind
tunnel, which confirmed it forv, >3. Finally, the integral equation obtained (21)
was submitted to on-field verification on three crops (vine, peach and apple).
Results were encouraging with a relative mean error of 3.3% and maximum 6.2%.
Anyway, the variation of experimental measurements of air velocity vy at the exit
of the foliage, as confirmed by standard deviations, resulted wide, particularly on
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peach because of the non uniformity of the canopy of this crop. Therefore, to
apply the equation (21) accurately, the preliminary assessment of the mean value
of resistance factor k- for a given crop and growth stage with the equation (25),
always requires a repeated sampling of the air velocity out of the foliage.

In conclusion, it is necessary to highlight that the equation (21) proposed for the
decay of maximum axial velocity vx of the air crossing the foliage is valid when
the v, >3, that is to say the range where the integration of the differential
equation (17) was possible assuming the parameter k being constant. In the future,
it will be interesting to try to extend the integration of the (17) in the range wx< 3,
namely where k is variable (fig. 3).
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