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Abstract

The standard of maintenance of irrigation canals and drainage is poor in many irrigation systems
throughout the world Inferior management of those weeds growing in the canal, aquatic weeds
leads to a number of economic, social and environmental problems. With the wide range of
chemicals available it is most important that the appropriate herbicide be used for any particular
weed; currently, most of the machines that used in the spraying are operated on flat surfaces and
open fields and cannot be used to spray pesticide solutions inside the irrigation canals. Therefore,
the present work aimed to design and manufactured a new combination boom mechanism for
weeds control in irrigation canal. The new-designed boom mechanism included horizontal boom,
vertical boom, flexible connection, lateral boom and supported boom. With the combination of
the theories and methods of spray distribution uniformity, effective spray droplets coverage, the
spray scale of combination boom in the vertical pipe line was determined as 3000mm. The
evaluation process for the new design was performed by carrying out field experiment at the
main irrigation canal of the Kuku Agricultural Dairy Project — Sudan; the width of canal at the
upper side from ridge to ridge is about 6m and the depth about 3m. Using this combination boom
mechanism inside the canals under the different pressures and working speeds better spray
results were achieved. The results obtained showed that the high average nozzle flow rates was
0.791/min. at pressure rate of 3 bar and the speed was 7 km/hr ,and as the pressure rate was
increased from3 bar to 4bar the flow rate increased from 0.79 to 1.351/min at the same speed /(7
km/hr) by 71%. Also the results showed that the spraying rate increased from 55.9 to 61 .8 L/fed
at pressure 3bar. Statistical analysis showed a significant effect on nozzle flow rate when using
different speeds. As the pressure rate increased from 3 to 4 bars, this resulted in a significant
effect on nozzle flow rate.
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Introduction cracking, sinkholes, settlement,

Due to the global demand for food items, the
increased costs of mechanization on the
farm and the current disposition of financial
institutions towards agricultural credits, it
became very critical for existing farmers,
farm managers, and agricultural investors to
make informed decisions based on figures,
and to improve the management of
mechanization operations (AbuSwar, 2005).

With policy and economical encouragement,
the planting acreage of fodder and other
crops which irrigated by surface irrigation
increased year by year in Sudan.

Khartoum State the capital of Sudan is an
important area for fodder production to
satisfy the requirement of increasing animal
numbers for meat and dairy products, the
demand for which is continuously increasing
due to normal population growth and mass
immigration of rural communities to the
capital towns and other settlements. In
addition to this, a remarkable activity for
cattle and sheep for export has resulted in
increasing the area of fodder crops
(Aidaroos, etal., 2017).

The standard of maintenance of irrigation
and drainage is poor in many irrigation
systems throughout the world Inferior
management of those weeds growing in the
channel, aquatic weeds leads to a number of
economic, social and environmental
problems, (Wang Bo, et al., 2011).

With the wide range of chemicals available
it is most important that the appropriate
herbicide be used for any particular weed.

Excessive vegetation can make inspections,
regular maintenance, and emergency
response  measures  more  difficult.
Overgrown vegetation can obscure canal
embankment and prism slopes, making it
difficult to perform visual inspections and
detect issues such as seepage, boils,

displacement, deflection, animal burrows, or
other signs of problems. Early detection of
developing issues is key to avoiding canal
failures, (Aidaroos, et al., 2017).

The controls of Aquatic weeds that cause
problems by blocking the flow of water in
irrigation channels are an important and
necessary process and that the process of
cleaning and cleanliness of canal and
irrigation water channels before each season
is estimated at very large amounts affect the
profitability of the crop and the purpose of
agricultural  investment. Weeds reduce
delivery capacity, clog pumps and prevent
us from providing an efficient service to the
farmers and customers. The most effective
way for us to deal with weeds growing in
supply channels is to treat them with a Safe
herbicide (Ministry of Animal Resources,
2007)

The mechanism of excavators used to
eradicate weeds from within irrigation
canals in most agricultural projects in Sudan
are considered costly, the duration of the
cleaning is quite large, not always available
and at present, the activity of these machines
has changed to other profitable activities like
mining the gold in north and west of Sudan.
Currently, most of the machines that used in
the spraying herbicides are designed to
operate on flat surfaces and open fields (Fig.
1) and can be difficult to be used to spray
pesticide solutions inside the irrigation
canals. Therefore, the general objective of
the present work is to modify and design a
new type of sprayer boom mechanism for
weeds control in irrigation and drainage
canals. The new design used a combination
of horizontal and vertical structure to meet
all-directional spraying, especially to control
weeds and eliminate insect and pests that
hide in the reverse side of plant leaves
efficiently. It is important to note that the
new-designed  boom  mechanism is
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suspended from a tractor and the old sprayer
boom, which has a special structure and can
move easily inside the irrigation canal and
with a row spacing of 500mm even if the
irrigation canal depth is about 30 mm to
3000 mm.
Specific Objectives:-
- To measure the nozzle flow rate
(L/min).
- To find the application rate (L/fed).
- To determine droplet  size
distribution.
Material and Methods
The overall Structural design and
assembly

The new boom mechanism showed in Fig. 2
is connected to the old sprayer boom which
mounted to the rear of the tractor. Mostly,
sprayer boom is designed as trusses
structure, which can be divided into several
individual parts and folded up by a hydraulic
cylinder. The spray nozzles are located with
same spacing at the bottom of the boom, as
showed in Fig.1.

Spray unit

Fig.1: Common sprayer boom
Key parts design
The new design (Fig. 2 a, b and ¢) consists
of two main units: mainly, spraying unit and
spray pipes support unit.
The spray unit consists of horizontal spray
main pipe line fed from the sprayer tank
through a pump, and the vertical lateral pipe
line that connected to the main line where
the sprayer nozzles are located on its bottom
side. The lateral pipe line length can be
changed as from 300 mm to 3000 mm to fit
different depths of channels. These lateral
pipe lengths are 300, 500. 700 and 1500mm,
and can be connected together with special
metal connecters according to the depth of
channels (Fig. 3 a, b, c and b). The distances
between lateral pipe lines and nozzles along
the boom were set by equal distance of 500
mm as have been recommended in order to
allow for overlapping rates of spray pattern.

Support unit

i

Fig. 2: Three-dimensional prototype presentation isometric (a) and ele\/atiz)ﬁ view (b) and
photographic view of the new design inside the canal (c)

ISSN (text): 1858-6724

SUST Journal of Agricultural and Veterinary Sciences (SJAVS)

Vol 23.No.1 June (2022)
e-ISSN (online): 1858 6775



SUST Journal of Agricultural and Veterinary Sciences (SJAVS) June 2022
Vol. 23 No.(1)

IEE

Fig. 3: Three-dimensional prototype presentation of (a) isometric of the spraying unit (b)
horizontal spray main pipe line (c) special metal connecters and (d) The 300, 500. 700 and
1500mm lateral pipe line

are connected at the bottom part to the
horizontal square metal pipe with a circular
metal rings spaced 500 mm a part, to allow
the lateral pipes to pass through in order to
maintain vibration movement (Fig.4a, b, ¢
and d).

The support unit is designed to support
lateral spray pipes to limit their horizontal
and vertical vibration movement to maintain
the spray pattern overlap. The system
consists of a vertical telescopic square metal
pipe so that their heights can be changed
from one to two meters. These vertical pipes

SUT

Fig. 4: Three-dimensional prototype presentation of a. the horizontal square metal pipe with a circular
metal rings. B. a vertical telescopic square metal pipe c. isometric of the support unit d) elevation view of
support

Connection to the main frame

T I
. \ ‘1 Double torsion spring

Connected nuts At O J
Spray unit

Fig.5 Semi sectional view of the flexible connection
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Design for Flexible connection. a flexible
connection was designed to connect the
vertical boom to the sprayer main boom. A
double torsion spring was installed in the
connection. With this mechanism, the
vertical boom would rotate around the boom
axis while the drag force facing the machine
inside the canals, avoiding boom broken off
caused by undue resistance. The semi
sectional view of the flexible connection
was shown in Fig.5

Judgment basis and method for optimal
parameters of structure; the new-designed
boom mechanism aims to get better spray

: /éf_'"___} ;
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=
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quality. Droplets distribution uniformity,
drift and coverage ratio are main indices of
appraising spray quality. For this
combination boom mechanism, more
consideration have been focused on the first
and the last indices in the design process,
which are mainly affected by the length of
vertical boom and the angle of branch boom.
Therefore, some researches as follows were
done to determine the parameters mentioned
above.

eccssssssssssaanbasnns

Fig. 6 Sketch of parameters relationship

As showed in Fig.6 (a), the combination
boom was designed as a gate-type boom.
Each row in side canal received spray
mostly from one top nozzle and a couple of
branch nozzles. It is necessary to keep a
certain distance between nozzle and the best
spray target area, which is represented byH,,

and

(1)

in which, H, the distance between the top
nozzle and the top of plant, value for
300mm in this design, H, the distance
between the top of plant and the best spray
target area. This deal was done to meet
demand and avoid pesticide damage in the
meantime. The length of the vertical boom
was indicated by H;, which is defined as,

Where:
H, is the flexible length, which was related

to the upward spray scale of the branch
nozzle. As a result, the spray scale of plant
exposed in the vertical plane that executed
by the combination of boom is given as,

H,= H,+H;+H,

Where:
H.ls the spray scale of combination of

boom in the wvertical plane, H, the

downward spray scale of the branch nozzle
in the vertical plane; obviously, the
downward spray scale was decided by the
angle of the branch nozzle.

From the theory of spray distribution
uniformity, it is known that nozzle
installation height, nozzle angle and space

H, = H + H,+ H, 5 are important factors. Among the three
S e ) factors, space has already been decided as
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500mm. Based on the principle that smaller
angle nozzle is used for high density plants;
standard flat spray nozzle 80°was chosen as
the top nozzle that was installed at the
bottom of the horizontal boom. Besides, flat
nozzle 110° was selected to be installed on
the branch boom to get a wider coverage in

the vertical plane. As the first factor, nozzle
installation height means the top nozzle
fixed height in  this  mechanism.

Theoretically, it is deemed to be the best
condition that there is once overlap of
neighboring spray placement, as showed in
Fig. 7.

§

Fig. 7: Optimum nelghbormg nozzles placement

Experimental site, design and treatments
applications:

The field experiment was carried out at the
main irrigation canal of the Kuku
Agricultural Dairy Project — Nile East
Locality-Sudan; where the width of canal at
the upper side from ridge to ridge is about
6m and the depth about 3m.

In this study, a factorial experiment was
arranged in a split plot design with three
replicates for each, the two forward speeds
(5 and 7 km/hr) were assigned to the main
plots while the two pressure rates (3 and 4
bar) were distributed to the sub-plot
respectively, giving a total of 12 plots. The
treatments were randomly distributed in the
main plot and sub plot,

Measurement

The following performance parameters were
determined to evaluate the new design:
Nozzle discharge test was done to evaluate
the amount of liquid discharge from each
nozzle and to check the variation between
the discharge rates of each nozzle within 30
meter and discharge data was collected and
time taken for each trial was recorded. The
discharge from each nozzle was collected by

tying a plastic bag on each nozzle. After
each 30 m interval the sprayer was stopped,
as the sprayer stops each liquid collected
from the nozzle was measured using
measuring cylinder. Coefficient of variation
was used to analyze variation of discharge
rate among the nozzles for each trial.
Droplet size diameter:

- The sensitive paper card was
distributed randomly inside the dry
irrigation canal mainly experimental
area. The collection of the droplets
size was measured under the
microscope and the following
formulas of Nasr (2008)was applied:

(= N D2
droplet surface mean = | = v
MR
- T ND?
droplet volume mean = =N
) (%)

Where: N= Number of droplets; D= droplet
diameter in micron

Application rate: the application rate was
measured for the two pressure rates at the
two spraying speeds and it was calculated
using the following formula (Nasr, 2008).

sparaver discharge {,, ] * 10

WL T

L
Application rate (—) =

R4 spraving width (m) X spraving speed ["i—vj
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Results and discussion

A hydraulic sprayer boom was designed and

by it full width (3m). It was equipped with

give spray nozzles for spraying chemical 2.

materials to control weeds and grasses that

grass inside irrigation canals and Abu 20

channels.

Field evaluation was done to test the boom

performance using different forward speeds

(5 and 7km/hr) at different operating

pressures mainly 3 and 4 bar.

1. Effect of different speeds and
pressure rate on nozzle flow rate:
Table (1) shows the nozzle flow rate
(Lit.//min.) at two different speeds (5
and 7 km/hr) using two operating
pressures rates mainly 3 bar and 4 bar.
The results obtained showed that the 3.
high average nozzle flow rates was
0.791/min. at pressure rate of 3 bar and
the speed was 7 km/hr> as the pressure
rate was increased from3 bar to
4bartheflowrateincreasedfrom0.79to1.3
5I/min at the same speed / (7 km/hr) by
71%

Statistical analysis given in Table (2)
showed a significant effect on nozzle
flow rate when using different speed.

Table 1: Nozzle flow rate (Lit/min) at two different speeds

As the pressure rate increased from 3 to
4 bars this resulted in a significant
effect on nozzle flow rate.

Effect of different speeds and
pressure rate on application rate:
Table (3) showed the spraying
(application) rate (L./hr) and (L./
feddan) at different speeds and pressure
rate. From the table it is clear that there
IS an increase in spraying rate from 55.9
to 61.8 L./feddan at the operating
pressure rate of 3 bar, when speed was
increased from 5 to 7 km/hr. on the
other hand the spraying rate (L/fed.)
decreased from 121.6 to 105.7 L/fed by
13% when using operating pressure of 4
bars at the second speed 77km/hr.
Effect of different speeds and
pressure rate on droplet size
diameters:

Spray droplet size diameters were
measured when using the second speed
(7 km/hr) for the two different pressure
rates (3 and 4 bars). Table (1) showed
the values registered in micron at the
two pressure rates. It was found that the
spry droplet size diameter decreased at
pressure rate 4 bar by 7.4%.

using two operating pressures rates

Sp 1 (5 km/hr) Sp 2 (7 km/hr)
Nozzle flow rate Pressure 1 (3-bar) | Pressure 2 (4-bar) | Pressure 1 (3-bar) | Pressure 2 (4-bar)
1 0.48 1.15 0.72 1.22
2 0.41 0.48 0.62 1.18
3 0.86 1.82 1.34 2.1
4 0.46 1.22 0.74 1.33
5 0.36 0.86 0-53 0.96
D_roplet S1ze 1070 micron 1005 micron 1080 micron 1000 micron
diameters
Table 2: Analysis of variance for nozzle discharge
Sources DF SS MS F P
Speed 1 0.34585 0.34585 16.66 0.015
Pressure 1 1.67620 1.67620 52.81 0.000
Speed*pressure 1 0.25390 0.3174
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Table 3: application rate at two different speeds using two operating pressures rates

Sp 1 (5 km/hr) Sp 2 (7 km/hr)
Application rate Pr(%s_sbl;rr(; 1 Pressure 2 (4-bar) | Pressure 1 (3-bar) | Pressure 2 (4-bar)
Lit./hr 153 333 228 405
Lit./ fed. 55.9 121.6 61.8 105.7

Conclusions:

A hydraulic sprayer boom was designed and
by it full width (3m). It was equipped with
give spray nozzles for spraying chemical
materials to control weeds and grasses that
grass inside irrigation canals and Abu 20
channels.

Field evaluation was done to test the boom
performance using different forward speeds
(5 and 7km/hr) at different operating
pressures mainly 3 and 4 bar.
Acknowledgments

The authors highly acknowledged the
Deanship of scientific research, Sudan
University of Science and Technology for
financial support. The authors also express
appreciation for Agricultural Engineering
Staff members for their holistic support
throughout the experimental work.

References:
AbuSwar, A.O. (2005). Forage crops
Production in Sudan, 1st edition.

Khartoum Press house. Sudan. pp: 34
and 104.

Aidaroos, S.A. ,ELmahdi, E.A. and Dagash
Y.l. (2017). Effects of Irrigation
Intervals and Sowing Methods on Fresh
and Dry Matter Yield of Two Fodder
Sorghum Cultivars. SUST Journal of
Agricultural and Veterinary Sciences
(SJAVS) Vol. 18 No.( 2). Pp 16-22.

Nasr, Jamal eldeen M. (2008) Agricultural
machinery. College of Agriculture —
Cairo University.

Ministry of Animal Resources (2007).
Sudan, Annual Report.

Wang Bo, Dong-xing Zhang and Wei Lan.
(2011). A new boom mechanism design
for  corn  sprayer. International
Conference on Mechanical Engineering
and  Technology ICMET 2011
November 24-25, 2011, London, UK.

ISSN (text): 1858-6724

SUST Journal of Agricultural and Veterinary Sciences (SJAVS)

Vol 23.No.1 June (2022)
e-ISSN (online): 1858 6775



SUST Journal of Agricultural and Veterinary Sciences (SJAVS) June 2022
Vol. 23 No.(1)

1 15 b ki) 2IS) Sl gy iy WY ey A e 2 iy e

a2 daal B (@i Olds cpallsi das

L glsiSally aglall laguall daala cduel) 3l Cluhall LIS cdae)) ) dusvigll acd

s paliioal)

bl CLaeY) dsay (5350 -llad) elail i 3 (o) Aalail Qlel 8 lhna Capeally (o)) s Ailia (g5ine yiiag
aed) e ild (Al Libasl) Jgall (he 50€ degana Jils ae Adally doclia¥ly Lalad@Y) JSlad e 22 )
et ()l daleal deatial) VY adiee (llls il nile (amhel Duwliadl (@liall lawe aladiul 4kl
pda cidaa () L gl g Jaly sl Jdlae ) Lgalasind (Se Yy Aagiball Jgially dgied) mhul) i)l
el @l @l Jaly (alial) Aadld Slgjngl) oulad) Jdelad sans A1 piealy aaenai I deall i)l
Grhs clphill n mealls alad g1y ¢ Lesd B3y e Jlail &lly ¢ Gudyy Gl Slals e waall paual
3000 (st L o) ladd ) Jalall (i (elbiie wans o5 ¢ il o pdaal alladll ddasally il aish della
=L S U pgpdal L)) (ol BLE (8 ddis Lpas ehal DA e waal meaill sl ddee ehal e
A et Lvie @llyy Juadl () il Gains & . el 3 s Banss Sl 6 Mo 5Ll mpe il ¢ olasadl
O Jare Jacgia ol of i) copglildibine Joe Glejuy asiin cand lsill Jals L Jaally Julidl ala
b4 L3 e daiall Jae Baliis ¢ dela [ €7 daaldl dejuy Sl 3 e e Al [ 1 0.79 58 il
A RT1 82b) Jlake (Aol [ &£ 7) [ depudl die dads [ Al 1.35 N 0.79 ge il Jaee 82L5 A (50
Slasy) dlatll Hell Ll 3 daia vie i [ 31 61.8 N 55.9 e (il Jaee o Bl Ggan i) <l
oo e Jb 4 3 e daral) Jane 85 pe LA lejad) platind die puldd) 3y Jae e Lgies 180
(il Jare e € ,ab el

SUST Journal of Agricultural and Veterinary Sciences (SJAVS) Vol 23.No.1 June (2022)
ISSN (text): 1858-6724 e-1ISSN (online): 1858 6775



