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Design and test of a novel crawler-type multi-channel air-assisted orchard

sprayer
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Abstract: In order to solve the problem of poor traveling stability and excessive pesticide application during plant protection
operations in hilly orchards, a novel crawler-type multi-channel air-assisted sprayer that is particularly appropriate for hilly
orchards was designed in this study. Considering anti-rolling requirements and the orchard environment in hilly areas, this
study selected limits for uphill and downhill rolling angles as well as the transverse rolling angle as the evaluation indexes for
determining both the layout and parameter settings of the sprayer. According to freely submerged jets and the requirements in
plant protection operation, a multi-channel air-assisted system was developed. The test results showed that the anti-rolling
performance and the designed air-assisted system were adequate. At 2 m from the longitudinal center plane of the sprayer, the
airflow exhibited wavy distribution patterns under different parameter combinations since the four streams of the airflow were
not thoroughly intersected and mixed. At 3 m from the longitudinal center plane of the sprayer, the jet was ejected at great
velocity but underwent rapid attenuation; the airflow velocity in most areas barely satisfied the requirements for plant protection
operation. In addition, different air outlet layout schemes led to significant differences in the spatial distribution of the airflow
field. Compared with a traditional air-assisted sprayer, using the developed multi-channel air-assisted sprayer enhanced the
droplet coverage uniformity by 19.4%, and the mean droplet deposition in the front, middle, and rear of the canopy was
enhanced by 32.9%, 50.3%, and 78.1%, respectively, while reducing ground deposition and air drift by 26.8%.
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1 Introduction

Fruit plants are characterized by great variety and population
density in China.  Currently, most of the fruit plants are cultivated
in sloppy, mountainous and hilly areas pattern with low tree
canopies and dense population in rigid a furrow pattern.

Traditional plain orchard machinery cannot satisfy the
requirements in practical applications in terms of driving stability
and trafficability™?. As orchard plant protection also face a lot of
field issues mainly including excessive pesticide application,
pesticide residues and unified prevention and treatment.
Therefore, development of mechanized spraying equipment and
machines with high operational efficiency applicable to orchards in
hilly and uneven field is a real requirement®®,  Currently,
scholars all over the world have reached an extensive consensus on
the potential and application prospects of air-assisted pesticide
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application techniques and have used it as an important method to
enhance yield and reduce pesticide use in orchards®®. However,
most air-assisted orchard sprayers are equipped with an axial flow
fan and adopt an annular spraying mode, and the nozzles are at
different distances from the tree canopy™®*3,  The nearby droplets
may rebound while the distant pesticide probably cannot adhere to
the tree canopy™.  As an irregular object, the demands of airflow
and spray rate in different canopy diameters were different. The
airflow field is generally adjusted by changing the rotational speed
of the axial-flow fan and is suggested that the spatial distribution of
the flow field should be adjust more precisely™™?*").  During the
pesticide application in orchard, variability of wind velocity highly
affects the shape of the flow field and subsequent spray penetration
and losses.  The uneven path makes the process more complex.

So, the aims of this study were to 1) analyze the effects of the
length-to-width ratio and the location of the center of mass on the
sprayer’s stability; 2) investigate the multi-channel air-assisted
pesticide considering the irregular characteristics of the tree canopy.
On the basis of free air jet characteristics and pesticide application
technical theory, the positions of the air outlets of the different
channels were adjusted so as to form different airflow and droplet
distributions in the regions with different canopy diameters and
thus achieve precision pesticide application. Accordingly, the
difficulties of mechanized operation in hilly and gentle-slope areas
can be addressed, and the structure and main parameters of
crawler-type multi-channel air-assisted sprayer for orchards were
determined, which can provide new ideas and reference for
air-assisted pesticide application.
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2 Materials and methods

2.1 Design of crawler-type multi-channel air-assist orchard
sprayer

A novel designed crawler-type multi-channel air-assisted
orchard sprayer mainly consists of the multi-channel air-assisted
system, the atomizing system, the chassis, the power distribution
and the transfer system (Figure 1). The driving system is mainly
composed of the engine (type: ZN490, Changchai Co., Ltd.), the
gearbox, the transmission shaft, the tensioning wheel and the
driving wheel. By manually adjusting the flow of the variable
pump, the rotational speed of the hydraulic motor reached the rated
value so as to achieve stepless speed variation of the fan (nine
blades; diameter: 600 mm) within the range of 0-2400 r/min.
During operation, the engine was started and part of the power was
transmitted to the chassis’ travelling system so as to drive the
movement of the sprayer, while the rest of the power was
transmitted to the hydraulic double-pump (type: 2CBFC-32/16) and
hydraulic motors (type of pesticide pump hydraulic motor: BM1-80,
Paiyi Hydraulic Machinery Co., Ltd.; type of fan hydraulic motor:
A2F12W3P1, Jinxiang Henghai Hydraulic Machinery Co., Ltd) so
as to drive the operation of the pesticide pump (type: ZMB480,
Jinhua Agricultural Pesticide Machinery Factory) and the fan.
The pesticide was delivered from the pesticide tank, through the
filter, the pesticide pump and the valve controller to the nozzle
(type: NH-101, Taizhou Sunny Agricultural Machinery Co., Ltd.)
via the pipes; meanwhile, the airflow was transported to the various
airflow arms that were symmetrically arranged on both sides of the
sprayer via the hose (Table 1).

1. Air outlet 2. Airflow support arm 3. Fan 4. Multi-arm guiding device
5. Pesticide tank 6. Supporting leg 7. Crawler chassis 8. Pesticide pump
9. Valve set 10. Engine 11.Cab

Figure 1  Structural diagram of the designed crawler-type

multi-channel air-assisted orchard sprayer

Table 1 Key parameters of the designed crawler-type
multi-channel air-assisted orchard sprayer

Parameter Value Parameter Value

r']‘qer;‘]gthxvv'dth’“e'gh” 260016005300 | Impeller diameter/mm 600
Rotational speed range

Power/kW 34 of the fan/m s 0-2400

Travelling speed/km h™* 0~7.2 Outlet airfiow 0-50
velocity/m s

Unladen weight/kg 1800 Shape of the air outlet Rounded

Volume of the pesticide Shape of the liquid

tank/L 400 outlet Tapered

Gauge of the crawler . .

tracks/mm 1250 Spraying height/m 34

Ground contact length .

of track/mm 1800 Spraying pressure/MPa  0-1.5

Track width/mm 350 Flow rate/L min™ 1.0-1.2

2.2 Theoretical analysis
2.2.1 Design of the layout and the parameters based on the
stability analysis

The design of the sprayer’s layout scheme should not only
achieve the functions of traveling and air-assisted spraying, but also
be optimized in combination with each assembly size and the
weight parameters, so as to satisfy the particular requirements of
operation in hilly areas. Overall, the present design should obey
the following principles: Firstly, the sprayer should cause no
damage to the branches and fruit during the operation and the
distance between the nozzle and the tree canopy should exceed
500 mm. Secondly, the position of the center of mass should be
reasonably located. The distance between the center of mass and
the center of the front-thrust wheel should be smaller than
1000 mm, the distance between the center of mass and the
longitudinal symmetrical plane should be smaller than 100 mm and
the height of the center of mass should be no greater than 1800 mm.
Finally, from reference to Technical Requirements of Operating
Safety for Agricultural Machinery-Part 1: Tractor™!, the specific
power of the sprayer should be greater than 0.01 kW/kg.

In combination with the agronomic parameters in a modern
orchard plantation (i.e., the line spacing ranges from 4 to 5 m and
the canopy thickness ranges from 1.5 to 2 m), the sprayer width
was set as 1.6 m, while the gauge, the grounded length and the
width of the track were set as 1250 mm, 1800 mm and 350 mm,
respectively. Meanwhile, by considering the assembly size and
mass parameters, the plane layout was designed, as shown in
Figure 2. Due to the great number of parts, the spatial position of
the center of mass was hard to calculate, and a 3D model was
established by setting the mass parameters of the parts so as to
simulate the center of mass and conduct a preliminary estimation.
According to the virtual prototype, the sprayer’s weight was
2200 kg, the distance between the center of mass and the center of
the front thrust wheel was 926.4 mm, the distance between the
center of mass and the longitudinal symmetrical plane was
62.8 mm and the height of the center of mass was 1597.6 mm, i.e.,
Mn=2200 kg, X, = 926.4 mm, y,,=-62.8 mm and h,,= 1597.6 mm.

QO
1
0

——5 Number Size/mm Quality/kg
1 2285%350x450 415

430x350x810 45

270x 150240 40

700x500x400 195

l
L
-
Slw

3—

T

: 5 960450350 205

-__l/l/'/g 6 700%310% 240 50

. ; 5 7 800450 650 285
1 #_::” 8 450%300x300 115

H ‘ 9 300200200 45

| 10 | 650x450x650 405

L2 _ 11 880% 585x 755 400

1. Track 2. Cab 3. Pesticide pump 4. Hydraulic oil tank 5. Gearbox
6. Oil tank 7. Engine 8. Clutch and hydraulic pump 9. Battery 10. Fan
11. Pesticide tank

Figure 2 Planar layout of the designed crawler-type multi-channel
air-assisted orchard sprayer

2.2.2 Determination of the air outlet parameters based on the jet
characteristics

When designing the parameters of an air-assisted sprayer using
traditional methods, it is generally assumed that airflow rates
through the cross-sections remain constant. According to the
substitution principle, the airflow rate was calculated, and then the
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outlet velocity of the fan was calculated based on the end velocity,
thereby calculating the outlet area of the fan.  However,
multi-channel air-assisted pesticide applications adopt an orifice jet
for the air supply, and the ejected airflow exhibits high velocity at
the outlet with rapid attenuation. In addition, the fan was
connected with multi-channel hoses, and a lot of elbows are used,
which results in great local and linear losses. Therefore, energy
attenuation that occurs when the gas passes through the hoses and
the variation rules of the circular-section jet velocity along the
spraying range should be taken into account. If the minimum
final velocity is no smaller than 11 m/s*%), the airflow velocity at
any point on the jet cross-section to the tree canopy will exceed
11 m/s. Due to the existence of a lot of air outlets, the airflow
velocity was lowest on the boundary between two jets, i.e., when
r=L¢—Stand (where L denotes the spacing between the air outlets),
and the airflow velocity V reached a minimum. Since the air
outlets were round and freely submerged jets were ejected, the jet
cross-section was expanded along the spraying range, as shown in
Figure 3, and the jet velocity along the axis should satisfy the
following equations:

V =Vo[l- (57 > 7 mis )
Ry
0.966V, = (%S 1 0.204)V,, @

0

where, V,, denotes the jet velocity along the axis, with units of m/s;
V, denotes the mean airflow velocity at the air outlet, with units of
m/s; a denotes an experimental coefficient which mainly depends
on the structure of the air outlet, the uniformity of the airflow
velocity distribution and the disturbance at the air outlet. S
denotes the distance between the air outlet and the tree canopy,
with units of m. Ry and R; denote the radii of the air outlet and
the cross-section (R;=Stand), with units of m.  denotes the velocity
of any point M on the jet cross-section, with units of m/s. r;
denotes the radial distance from the jet axis to any point, with units
of m.

The values of the related parameters can be set as follows:
V>11 m/s, Vy=22.0 m/s, S=0.7 m and L;=0.3 m; since the air outlets
were cylindrical tubes, «=0.1129 and #=21< By combining
Figure (4) and Figure (5), the radius of the air outlet, Ry, should be
no smaller than 0.049 m.

Figure 3 Illustration of the freely submerged jets

Due to different canopy shapes, the spacing between the air
outlets can be adjusted in accordance with the actual canopy shape,
so as to ensure differentiation of the spatial distributions of the
airflow field and the mist field. Accordingly, sufficient jets can
be coincident in the large canopy region.

2.3 Test scheme
2.3.1 Measurement of the center of mass and the static rolling test

The sprayer was developed in accordance with the

above-described layout. In order to ensure that the uphill and

downhill rolling angle limits and the transverse rolling angle limit
under the actual center-of-mass condition fit well with the results
under the simulated center-of-mass condition, the spatial position
of the center of mass of the sprayer was measured from reference to
Agricultural Tractors—Test Procedures—Part 15: Center of
Gravity®™.  Four weighing platforms were placed on a level
ground, and supporting frames were arranged above the weighing
platforms. The sprayer was hoisted onto the weighing platform,
and the pressures at the four supporting points were read to
calculate the center of mass based on the principle of moments.
As shown in Figure 4, the sprayer was suspended on one side while
the other side was placed on the weighing platform.

Driving wheel L

o

Supporting plate r T
]

Gj/

Weighing platform

Weighing platform J

Ns+Ng

Weighing platform
e :
o N Nl
| L |
<) JE— N o A
1N |
T oNl._ p— 3_/1/1_ O__[__
— — — Ls 1

Figure 4 lllustration of the principle of the center-of-mass
measurement
According to the angular transformation and moment balance,
the position of the center of mass of the developed sprayer could be
calculated as:
‘e (Ns+N,)xL

S ®

y=2-p @
H=r+Lxtan® (5)
p= (N, +23)XB ©)
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cow—E
tan@p=——-2 )
sina
T x L,
Ls =?2 ®
T=G—(Ns+ Ng) 9)

where, L is the horizontal distance from the center of the driving
wheel to the rear thrust wheel, m; B is the trail gauge of the sprayer,
m; x and y are the longitudinal and transverse deviations of the
center of mass, m; p is the distance from the center of mass to the
center line of the caterpillar track, m; L, is the horizontal distance
between the lifting rope and the rear thrust wheel, m; T is the
tension of the steel rope of the hoisting device, N; G is the
sprayer’s weight, N; « is the angle between the caterpillar base and
the horizontal surface, rad; r is the radius of the thrust wheel, m; @
is the intersecting angle between the line connecting the center of
mass and the center of the front thrust wheel and the line
connecting the center of the front thrust wheel and the parallel line
of the caterpillar plane, rad.

Based on the measured position of the center of mass of the
sprayer, the uphill and downhill rolling angle limits and the
transverse rolling angle limit of the sprayer, the mechanical
analysis model was established as below:

@, = arctan % > 20° (10)
DBim = arctan% > 20° (11)
Vim = arctan% > 20° (12)

where, &y, and By, are the uphill and downhill rolling angle limits,
respectively; yin is the transverse rolling angle limit; B denotes the
track gauge, mm; b is the track width, mm; L, is the grounded
length of the track, mm.

Meanwhile, to verify the actual rolling performance, the
developed sprayer was driven to the tilting test platform, which was
fixed by at least two safety ropes so as to avoid rolling or any
significant slippage of the sprayer. By slowly starting the test
platform, whether the sprayer moved or not was observed and the
angle of the test platform was recorded.

2.3.2 Test of the airflow and mist field distribution

The present experiment was performed to examine the effect of
the spacing layout of the air outlets on the formation of the airflow
and mist field. According to the characteristics of a
spindle-shaped canopy of low and dense plants (with a canopy
height of 1.8-2.2 m, a canopy diameter of 1.5-2.0 m and a trunk
height of 0.5 m), three different combinations of the positions of
the air outlets were designed (Table 2), and therefore, the spacing
between the air outlets could be adjusted so as to achieve different
distributions of the airflow and mist. When the rotational speed of
the fan was set as 1600 r/min, the measured airflow velocity at the
air outlet was 22-25 m/s.  In the parameter combination 1, four air
outlets were arranged uniformly. According to the second and the
parameter combinations 3, by taking the spindle-shaped canopy
structure into account, the spacing between the middle two air
outlets was narrowed so that more spray flow could be sprayed
onto the large-canopy-diameter area. According to an industrial
standard such as Operation Quality for Air-Assisted Orchard
Sprayer®, the horizontal distance from the sprayer’s longitudinal
central plane, denoted as Lg, was set as 2 m, 25 m and 3 m,
respectively, and then the airflow velocities at different sampling

points with a vertical height range of 0.5-3 m was measured. The
sampling points were arranged at a spacing of 0.1 m in the vertical
direction. Meanwhile, the spatial distributions of the droplets at
2 m, 25 m and 3 m away from the longitudinal center planes
(corresponding to different values of Lw) were measured by the
droplets vertical distributor, as shown in Figure 5.  The droplets
vertical distributor consists of 140 stainless lamellae spacing
2.2 cm; the interception area is 5.8 m2.

Table 2 Arrangement of the positions of the air outlets

Positions of the air outlets Ly L Lz Ly
Combination 1 0.3 0.3 0.3 0.9
Combination 2 0.35 0.2 0.35 0.9
Combination 3 0.375 0.15 0.375 0.9

Mist field surveying Airflow field surveying

1L,

Droplets
vertical y
distributor }L & 3.0m
R
L 0.1 m
=i
v
/ l 144 d T (| (AN
< L e L >

Figure 5 Arrangement of flow field measurement
2.3.3 Contrast test

In order to clarify the settlement and distribution performances
of the droplets from the multi-channel sprayer, this study has laid
emphasis on the settlement and coverage conditions of the droplets
in the regions with different canopy diameters and in the canopy,
respectively. The experimental results were compared with the
performance of traditional diffused air-assisted sprayer
(3WZ-700)®1, as shown in the results in Figure 6. Two
air-assisted sprayers, with a power of 28 kW and 34 kW,
respectively, were used for modern orchards with a low and dense
plantation. With regard to the detailed parameters, the spraying
pressure was set as 1 MPa, the airflow velocity at the air outlet of
the fan was set as 22.0 m/s and the operating speed was 1 m/s. In
the present test, the plant canopy height and diameter were set as
2 m and 1.8 m, respectively, and the row spacing was 4 m.
According to the test results and the operation objects as described
in Section 2.3.2, the combination 2 of the positions of the air
outlets were selected, and the longitudinal center plane was 2.5 m
from the trunk.

This study used the coverage uniformity (CU) of the droplets
as the index to evaluate the uniformity of the pesticide application
of the sprayer. The uniformity was calculated according to the
principle of variance calculation. The settlement of the droplets in
the canopy was used to evaluate the sprayer’s penetrability. The
spraying operation was conducted on 3 trees and a Ponceau 2R
water solution with a mass fraction of 5%o was sprayed. Paper
cards (7.6 cm>7.6 cm; Shanghai M&G Stationery Inc.) were
labeled and placed at each of the sampling point to receive the
Ponceau 2R water solution. After spraying, these paper cards
were scanned into images with an MRS-3200PU2 scanner
(Shanghai Microtek Technology Co., Ltd.) in the laboratory, and
these images were processed to obtain droplet coverage estimates
by image processing technology. Then paper cards were shredded



64  November, 2020 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org Vol. 13 No.6

into an individual beaker with 25 mL distilled water, allowed to
soak under agitation for 20 min allowing the Ponceau 2R to
dissolve into the water. The absorbance of the Ponceau 2R
solution was measured with a 722N visible spectrophotometer
(Shanghai Tianpu Instrument Co., Ltd.). The spray deposition a
(in ug) can be calculated using Equation (16)
a=2"
K
where, ¢ is the absorbance of the Ponceau 2R solution; V is the
volume of added water expressed in mL (here, 25 mL); and K is the
absorbance ratio coefficient (here, 0.038).

(13)

a. 3WZ-700 air-assisted sprayer;

.-

I{T

!

'

> v e
b. Crawler-type multi-channel air-assisted sprayer

Figure 6 Two different sprayer prototypes used in the present
contrast test

According to the canopy shape and degree of density, three
layers were divided in the vertical direction, namely, the upper
layer, the middle layer and the lower layer. In each layer, the
matts-type sampling points were arranged at the same interval by
using the trunk as the center point. The canopy was divided into
three parts in the spray direction, namely the front, the center and

the rear, respectively. Meanwhile, as shown in Figure 7, the drift
lines and the rods were arranged on the ground and in the air to
measure the drift of the sprayed pesticide. At each sampling point,
paper cards were pasted on both sides to measure the droplet
coverage and the settlement of the droplets on the leaves. The
coverage uniformity of the droplets was calculated according to the
following Equation (17):

cu =100(1—7Z‘=1| x-xl) (14)
NX

where, x; denotes the i-th measured coverage ratio; X denotes the
mean value and N is the number of measuring points.

5

Line-spacing
drift line with a

|~ width of 2m
/ Drift rod at a
height of 3 m
Air-assisted
direction Ground drift|test region \

Row-spacing
drift line with a
length of 2 m

Front-Middle-Rear,

Sampling point

Figure 7 Arrangement of the sampling points in spraying test

3 Result and discussion

3.1 Analysis of the sprayer’s static rolling performance

The atomization quality and the pressure on the four
supporting points were also measured and are presented in Table 3
and Table 4. According to Equations (1)-(6), the actual position
of the center of mass was calculated as: x,=906.1 mm, y,=
—58.45 mm and h,=1702.0 mm, which basically agreed with the
simulated results from the established 3D model. By substituting
the simulated and actual position parameters of the center of mass
into Equations (1)-(3), @jim, Bim and y;in Were calculate (Table 5).
Meanwhile, the static rolling test was performed on the sprayer, as
shown in Figure 8. The rolling test results showed that the static
rolling angles of the developed sprayer all exceeded 20< The
theoretical results showed good consistency with the test data,
suggesting that the design requirements can be satisfied.

Table 3 Measured horizontal positions of the center of mass

Test number Ni/kg Na2/kg Na/kg N4/kg G/kg L/cm B/cm x/cm ylcm
1 690.5 479 505.8 509.6 2184.9 195 125 90.62 -5.941
2 684 485.8 509 506.2 2185 195 125 90.6 -5.749
Mean values 2184.9 195 125 90.61 -5.845
Table 4 Measured heights of the center of mass
Lifting Measured Height of the center Mean height of the
height/cm data Ns Ne Ns+Ne Thg a L L ricm of mass/cm center of mass/cm
ha 225 744.8 679 1423.8 761.1 9.9 102 198 192
hz 30 750 682.2 1432.2 752.7 12.3 102 192 9 166 170.2
hz 41 771.8 688.4 1460.2 724.7 15 102 185 152.59

Table 5 Simulated and measured uphill and downhill rolling angle limits and the transverse rolling angle limit

x/mm y/mm h/mm Piiml (Y Piml (9 il (9 M/kg
Simulated values 926.4 62.8 1597.6 28.7 30.1 28.4 2200
Measured values 906.1 -58.45 1702.0 27.7 28.0 235 2185
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e
a. Transverse slope-standing process b. Upper slope-standing process
Figure 8 Static rolling test

3.2 Distribution tests of the flow field

The multi-channel spraying should satisfy the following
conditions: (1) multiple streams of airflow that are already
coincident when they arrive at the canopy, (2) the airflow should
move at a certain velocity so that it can carry the droplets to
penetrate the canopy™!, and (3) the airflow and mist amounts were
different in the regions with different canopy diameters. Based on
the principle above, the rulers of the airflow field were discussed
below. As shown in Figure 9, since four streams of airflow were

not completely overlapped and mixed at 2 m from the longitudinal
center plane of the sprayer, the airflow under different parameter
combinations exhibited wavy distribution patterns. At 2.5 m from
the longitudinal center plane of the sprayer, and because of the
uniform arrangement of the air outlets using the parameter
combination 1, the airflow in the middle section of the canopy (at a
height of 1.0-1.8 m above the ground) was not remarkably
enhanced and still exhibited a wavy distribution pattern. Using
the parameter combination 3, due to a smaller spacing of the
middle two air outlets, a stream of strong airflow was produced in
the middle section of the canopy. However, on account of the
greater spacing between the other air outlets, this still existed in the
airflow distribution pattern, i.e., the airflow still exhibited a wavy
distribution pattern. At 3.0 m from the longitudinal plane of the
sprayer, the airflow velocity distribution patterns under the
parameter combinations 2 and 3 were spindle-shaped. However,
with the increase of the distance, the airflow velocity dropped
particularly in the non-middle sections. At 2.5 m from the
longitudinal plane of the sprayer, the airflow distributions in the
vertical planes using the parameter combination 2 were similar in
shape to a spindle-shaped tree, and also had enough velocity in the
non-middle sections.

25¢p 25 25
=@ Parameter combinations 1 ==& Parameter combinations 1 ==& Parameter combinations |
=i Parameter combinations 2 === Parameter combinations 2 =i Parameter combinations 2
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Airflow velocity/m-s” Airflow velocity/m-s™ Airflow velocity/m-s™
a.2m b.25m c.3m

Figure 9 Airflow distribution at different distances from the longitudinal center plane of the sprayer

Considering the diffusivity of the mist in the flow field, the
spray amount exhibited no significant difference under the different
combinations of parameters compared with the airflow distribution.
The spray volumes in the middle section of the canopy (at a height
of 1.0-1.8 m) under the parameter combinations 2 and 3 were
enhanced to different degrees compared with the volume using the
parameter combination 1, as shown in Figure 10.

3.3 Droplet deposition and drift rules in the canopy using two
different types of sprayers

Compared with the condition using the traditional diffused
air-assisted sprayer (3WZ-700), the mean coverage ratio and
uniformity of the droplet using the crawler-type multi-channel
air-assisted sprayer were enhanced by 29.2% and 19.4%,
respectively, as shown in Figure 11, Using two different types of
sprayers, the droplets decreased gradually in the canopy along the
direction of the air supply. The mean droplet depositions in the

front, middle and rear of the canopy, using the developed
crawler-type multi-channel air-assisted sprayer, were 32.9%, 50.3%
and 78.1% higher respectively than the values from the traditional
diffused sprayer, accompanied with a reduction in ground
deposition and air drift by 23.2%.

The droplet coverage uniformity, penetrability and directed
anti-drift performance could be remarkably enhanced when using
the developed crawler-type multi-channel air-assisted sprayer.
Due to the airflow coming out of the pipe, it has good directivity
and strong penetrating ability, so the drift decreases and the internal
deposition increases®?®l.  However, it should also be noted that the
injection area from the pipeline is relatively small, so the gap
between the adjacent air outlets should be adjusted to prevent the
canopy from not being fully covered®?3. Due to the fast
attenuation of the airflow velocity, the airflow velocity to reach the
canopy should be measured.
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4 Conclusions

1) According to the anti-rolling requirement in hilly areas and
the orchard gardening environment, a crawler-type multi-channel
air-assisted sprayer with high stability was designed. The ratio of
the trail gauge to the grounded length was 0.7 and the static rolling
angles all exceeded 20<

2) At 2.5 m from the longitudinal center plane of the sprayer,
the airflow and droplet exhibited similar spindle-shaped
distribution patterns to the fruit trees around the air outlets under
the appropriate parameter settings. It is suggested that the
distance between the target tree trunk and the fan center should be
no smaller than 2.5 m during the operation of the developed
sprayer.

3) In contrast with the traditional diffused-type air-assisted
sprayer, the coverage ratio of the droplets, mean droplet deposition
in the front, middle and rear of the canopy were enhanced by
19.4%, 32.9%, 50.3% and 78.1%, respectively, while droplet
deposition on the ground and air drift were reduced by 23.2% when
using the developed crawler-type multi-channel air-assisted
sprayer.
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