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Abstract

In the article, experimental work was carried out on the evaluation of the influence of the discharge coefficient on the
distribution of water in the sprinkler irrigation system. The experiment was carried out at the university's educational scientific
training place located in Urtachirchik district of Tashkent region. During the study, the amount of discharge from each nozzle of
the sprinkler was measured. Also, the amount of change in the length of the water distribution was measured. According to the
obtained results, the discharge coefficient was calculated according to the formula for calculating discharge in pipes. According to
the calculated values, the connection of the flow coefficient, pressure and tap diameters was made. The sprinkler irrigation system
selected to ensure uniform wetting was evaluated during the experiment. It is known that the average discharge of 1-1.5 liters
of water per second from the selected sprinkler brand and 0.6 atm. from the filter station pressure loss and 3 different radiuses
were determined. The distribution radius was determined according to the output discharge and sprinkler rotation frequency. The
effect and change of head loss on discharge was evaluated. A general formula for the coefficient of resistance affecting discharge
was developed. As a result of the research, the relationship between the water flow rate from the sprinkler and the change in the
diameter of the nozzle was brought. It is possible to calculate the amount of the coefficient representing the discharge resistance
by entering the values of the sprinkler pressure and the diameter of the nozzle through the connection.
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AHHOTaIVSA

Makomnaga CIpyHKIEp CyFOPUII TU3UMMAA CYBHMHT TaKCUMIaHMIIMTa capd Ko3hOUIMEHTYHYHT TabCUPUHY Gaxoant 6yiiv-
ya Taxkpuba MIIapy amanra ommpunrad. Taxpubanap TomKeHT BUIosTY YpTa UMpUMK TyMaHM/a SKOMIAIIraH YHUBEPCUTET YKYB
WIMMIA TIOMUTOHMAA o6 60pmigy. TamkKUKOT JaBOMMAA CIIPUHKIEPHWHT Xap OMp SKyMparuaaH ynMKaéTraH cyB capOUMHUHT Ha-
op Y3rapuinmmari MUKIopy YauaHau. [IyHUHTIEK, CyB TaKCMMIAHUIIN Y3YHIUTMHYHT HATlop Y3rapuIaary MUKIOPY YTUaH I,
OnyHraH HaTyKanapra Kypa, KyBypriapra capdHu xucobaii popmyracura acoca capd KoahduiyeHTH xycobmanam. XycobmaHraH
KyiiMaTiapra Kypa, capd KoabduieHT, 60cuM Ba SKYMpaK AuaMeTpiapy G0FTaHUIIN Ty3WIAN. Bup Xuiga HaMIaTUIIHUA TabMUH-
JIaIl yYyH TaHIaHraH CIIpUHKIIEP CYFOPUII TU3MMUTA TAKpM6a JaBoMuaa 6axo 6eprian. Mabiym Gy ga, TaHIaHTaH CIIPUHKIIED
MapKacuaaH ypraua cekyHaura 1-1,5 1 cyB capdnanminm Ba puiabtp craHiysigas 0,6 aTM. 60cuM HYKOMUIIM Xamza 3 X/ paguyciap
aHMKJIaHoN. YMKaETraH cyB capdyiapy Ba CIIPUHKIEPHY HAIOP Y3rapuiimra Kypa CyB TaKCUMIaHUII Paguycy aHUKIaHou. Bocum
MYKOMMIIIMHYHT CyB capdra Tabcpy Ba yarapuim 6axonanmy. CyB capdura TabCup STYBUM KapIIMIMK KOIGGUIVIEHTN YUYH YMY-
muii hopmyrna unutab ykuaau. Tagkurowiap Hatyskacuaa CIpyHKIepIaH YMKAETTaH cyB capdy KoahduiMeHTMHMHT 60CUM Ba
SKYMpaK IMaMeTpy Y3rapuiiaary 60EIaHUIIN KeTTUPWIIN. BoFTaHMII OpKaiu CIIpMHKIIEPA HATIOP Ba XKYMpakK JuaMeTpy KUitMaT-
JIApVHU KUPUTKO, capdra KapunKHY 1donanoBun KoahdUIMeHT MUKIOPUHM XMCOOIAIl MyMKIH Gy,

TastHY cy3/1ap: CIpuHKIep, cyB capdu, capd koadduiimeHT, CyBHMHT TaKCUMITaHUIIN

OLEHKA B/IMAHUSA KOOOOPUILINEHTA PACXOOA HA PAC-
IMMPEAEJIEHUE BOJ bl B CUCTEME HJOXIEBAJIBHOI'O OPO-
IHIEHW A
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OHAIbHO20 UCCNIe06aMeNbCK020 yHUsepcumema “TawKeHMCKUL UHCIMUNIYM UHY¥EHePO8 uppu2auuu U MexaHu3auul ceJib-
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CK020 xo3saiicmea”
X.JKanunoea — mazucmpanm HauuoHanvHozo ucciedosamensckozo yHusepcumema “TawikeHmMCKUti UHCIMUINym uMiceHe-
P08 uppuzayuu u MexaHu3ayuu ceabCcKoz2o xo3siicmea”

AHHOTaIMsA

B cTaThe MpoBeAeHbI IKCIIEpUMMEHTATIbHbIE MCCIENOBAHYS IO OIleHKe BIMSHMS Ko3bdUIMeHTaM pacxoqa Ha pacrpenesieHne
BOJIbI B JIOKAEBAIbHOI CUCTEME OPOIIEHNS. DKCIIEPUMEHT TIPOBOAMIICS B yUeOHO-HAYYHOM IOTMTOHE YHUBEPCUTETA, PACIIONO-
SKEHHOTO B YPTauMpuMKCKOM paiioHe TallikeHTCKOM o6macTi. B Xome vccienoBaHst M3MePSICST PAcXof, BOIbI U3 KasKIOTO KpaHKa
CTIPUHKIIEPA, M3MePsIach BeMYMHA M3MEHEeHMs AJIMHbI pacripeeneHus Boabl. [10 MOTyYeHHbIM pe3y/IbTaTaM ObLT paCCUMTaH KO-
abduimeHT pacxoaa o dhopmysie pacueTa Tpyo. ITo paccuMTaHHBIM 3HAUEHVSIM OTIpeeieHa CBsI3b Ko3bduIMeHTa pacxoa, 1aBie-
HUS ¥ IMaMeTpa KpaHa. B xofie sKcrepyMeHTa OlleHMBaiach C1CTeMa IToKIeBaHsI, BbIopaHHas [J1s1 00ecIeue sl paBHOMEPHOTO
yBIasKHeHMs1. I3BeCTHO, UTO CpemHIMit pacxof, Boabl 1-1,5 1UTpa B CEKYHIY OT BbIOpaHHOM MapKu qoskaeBaTeist. OnpenesieHbl mo-
Tepu gaBnaeHus 0,6 aTM. Ha GMIBTPOBOI CTAHIIMY U 3 PasIMUHBIX paanyca. Pagyc pactpeneneHyst OTpenesiyics 0 PacXoay BOIbI
Ha BBIXOJIE ¥ YaCTOTe BpAIeHVs IOKIEBATENs, OLIEHMBAIOCh BIMSIHYUE U 3MEHeHMe TIOTepb HArop Ha pacxof Boxbl. PaspaboTraHa
o61rast hopmyria KoadbuieHTa COpOTUBIIEHNS], BIVSIIOIIETO Ha BOAOTIOTpeb/IeHNe. B pesybTaTe 1CCIen0BaHNit Oblia TpUBEIeHa
3aBMCUMMOCTb MEXK/IY PAaCXO[OM BOIbI U3 NOKIEBATENIS U M3MeHeHeM quaMeTpa KpaHa. 1o 9Toi 3aBMCMMOCTY MOKHO PacCumTaTh

Be/IMUMHY K03 dMIeHTa, CONPOTUBIEHS, ITyTeM BBOJIA 3HAYEHMIT IaB/IeH sl CIIPMHKIIePa U IMaMeTpa KpaHa.
KiroueBbie ¢JIOBa: OPOCUTENIb, BOAOMOTpeOIeHNe, PACXOAHBIN KO3(QGUIIMEHT, paciipeie/ieHl e BOIbI
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ntroduction. Today, there are several problems in the

implementation and design of water-saving irrigation
technologies, and several studies are being conducted to
find solutions to these problems. According to Darko and
others, the sprinkler irrigation system differs from other
irrigation systems in that it can uniformly moisten the field
and consumes less energy. If the water flowing out of the
sprinkler does not wet the field uniformly, it causes excessive
costs and affects the growth phase of the crop as well [1].
According to Li and Rao, the sprinkler irrigation system is an
irrigation method that can provide the crop area with water
and fertilizers at the same time and has high efficiency [2].
Dechimi and others note that sprinkler irrigation system
design should be properly implemented, and to hydraulic
calculations should be given a great importance [3]. He
showed that the uniformity of the sprinkler irrigation system
affects the plant growth phase [4]. Sezen and Yazar stated that
the frequency of irrigation is important in the effectiveness
of sprinkler irrigation system [5]. Also, according to Keller et
al., it was considered in the experiments that its faucets are
important in the sprinkler irrigation system and that it is of
great importance in the equal distribution of the irrigated
area and in evaluating the efficiency of water use [6]. The
method of irrigation is usually chosen considering such
factors as the growth and development of the growing crop,
keeping the soil moisture in a normal state compatible with
the plant growth phase, and the effect on the land reclamation
[7]. Controlling the discharge of the selected irrigation type,
controlling its correct operation and distribution is a very
complex process [8]. After designing any irrigation method,
problems may arise in its practical application. Because in
practice there are processes that are not visible and difficult to
consider [9]. Irrigation efficiency is an important component
of irrigation system management, as uniform distribution of
discharge across the field and pressure is a component of the
irrigation scheme [10]. Demand for water resources, rising
energy costs, climate change, and impacts on groundwater
resources will further increase the importance of irrigation
efficiency [11]. A poorly managed and designed PIS results in
non-uniform water circulation. In such irrigation practices,
the maximum valued result of the evaluation method is
irrigation water uniformity. The UC is an important gauge of
how unequal or equal the application rates (AR) are after the

transporting technologies [12]. The output of crops is directly
related to the water quantity and method of irrigation used.
It is advised that performance evaluation be carried out soon
after the irrigation system is installed and then revisited on
an irregular basis, especially when considering plans, due to
their susceptibility to changing operating conditions over
time [13]. Seven FSS in terms of field distribution efficiency
was evaluated. They find out that the UCs of FSS fluctuated
from 66 to 84%. In the meantime, the UC of FSS fluctuated
from 59 to 78% [14]. Researchers also stated that the UC was
outstanding, reasonable, and meager outputs of 75 to 85%, 65
to 75%, and 50 to 65%, respectively [15]. The most proficient
irrigation techniques are surface irrigation, subsurface,
sprinkler, micro-irrigation, and hybrid irrigation. The
standard results obtained for water application and irrigation
efficiency for each of the above systems are 68% for the solid
set, 95% for subsurface drip, 74% for the floppy system, and 82%
for the center pivot system [16]. The sprinkler performance
helps to differentiate the selection of a method for cropping
system. In a highly efficient irrigation system, evaporation
losses, distribution uniformity, and wind drift are the primary
factors that measure the sprinkler system's performance
[17]. Sprinkler performance was analyzed by the distribution
pattern, droplet size, application rate, wetted radius, and
water discharge. The variation in hydrant, sprinkler spacing,
layout, design, or weather situations causes heterogeneity in
sprinkler irrigation systems [18]. The sprinkler design's wind
direction or speed ignoring may affect the peak flow of water
capacity in the sprinkling irrigation system. High wind speed
is disfavored in the design management and reliability of the
sprinkler system in irrigation [19]. A recent study revealed the
consequences of pulsating pressure on uniformity distribution
of sprinklers sloping land. It concluded that 10% higher
uniformity on pulsating pressure than constant pressure. The
study evaluated the sprinkler system's performance at the
Kakara Tea Irrigation System (KTIS). It was determined that
the Coefficient of uniformity results are 90.9 % and 79% of
the delivery performance ratio [20].

Problem statement. When designing a sprinkler irrigation
system, due to the change in head from the characteristics
of the pump in its hydraulic calculation, there are cases of
non-uniform distribution of the discharge and throw radius
from the sprinkler. This causes uneven distribution of water
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throughout the irrigated area. Taking this into account, it is
necessary to calculate the resistance that resists the discharge
in the head loss. Through this, it is possible to calculate the
change of discharge and throw radius during head loss and to
carry out the design accordingly.

Consequently, an innovative sprinkler is being introduced

to compare the irrigation performance of indigenous
sprinklers manufactured with local and original experiment
sprinklers. The prime objective of this research was to
simulate the experimental data and achieved the field results.
(Table 1).

Mean Discharge rate (m>/h) of different sprinklers at various pressure and diameter of nozzles. Table 1
Experiment type Nozzle Operating pressure
diameter mm
1.5 bar 2 bars 3 bars

Experiment in 8 1.65 11.3 2.02 13 2.3 15
written 6 1.1 8.5 1.76 9.5 2 11.2

5 0.75 6.2 1.34 7.3 1.52 8.9
Experiment in 8 1.57 10.5 1.84 12.5 2.84 14.5
polygon 6 0.9 7.7 1.08 8.3 1.86 9.6

5 0.63 5.3 0.76 6.2 1.18 7.4

The sprinkler parameters given in Table 1 can be seen in
the manufacturer's catalog and the differences in the results of
field studies. In this case, the difference between the amount
of discharge coming out of each nozzle of the sprinkler and
the radius of its distribution during the pressure change was
significantly seen in field studies and in the quantities of the
manufacturing enterprise. For example, if the discharge of
an 8 mm nozzle at a pressure of 1.5 bar is 1.65 m%h in the
amount given by the company, this amount has decreased to
1.57 m%h in field conditions. Considering the fact that the
field experience and the difference between the values of
parameters given by the company and their amount have a
great influence on the effectiveness of the sprinkler, it is an
urgent task to carry out this field research.

Theory. Studying the natural conditions of the area
where the sprinkler irrigation system is installed, measuring
the discharge coming out of the sprinkler in seconds and
considering the difference in head. To give conclusions on
the estimation of the discharge of water coming out of the
pipe and the coefficient of discharge.

Fig. 1. View of the research site from Google Map desktop

To conduct the experiment, a field area (Fig. 1) with a
sprinkler irrigation system installed and working, main pipes,
a pump and filter station, sprinkler types and indicators,
and equipment such as a pressure gauge were needed. The
SEMPA-TKF-80-160-22KW type pump produced in Turkey
with a head of 40 m and a discharge of 130 m3/s was used in
the experiment (Fig. 2, 3).

Fig.2 Pump type

Fig.3 Sprinkler type

In water filtration, water was taken from a pool of 150 m3
and cleaned using the type of filter in Fig. 4:

Fig. 4. Filter station in research polygon

Fig. 5 from the manometer to measure the pressure
during the experiment, the pressure entering and leaving the
filter station was considered. The distribution was calculated
according to the pressure entering the sprinkler.

Internal pressures were measured at a minimum of 10
locations distributed throughout each sprinkler system
after installation per design. During the experiment, the
air temperature, wind speed and direction were considered
according to the information provided by the Hydrometer.
That is, the air temperature was 37°C, the wind speed was 11
km/h, and the humidity was 12%. The volumetric method was
used to measure discharge. According to it, the discharge of
water coming out of at least 4 sprinkler nozzle was measured
at least 3 times and the average values were considered.

&L
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Fig. 6. The process of the experiment

In order to measure the discharge coming out of the
sprinkler nozzle when the sprinkler was not rotating, each
bucket was placed in a plastic bucket with a volume of 5
liters. The time taken to fill the bucket was recorded with a
stopwatch for each combination, and the observations were
repeated three times to obtain the accuracy of the results.
The water collected in the bucket was measured using a
cylinder and the results were recorded. The radius wetted by
each sprinkler was measured at different pressures from 10 m
to 20 m with gradually increasing pressure in increments of 2
m water column. The radius was measured from 10 sprinklers

along the taps of 3 from each sprinkler (Figure 6).

Results. The discharge in the experimental area was
calculated using the volume method as mentioned above.
Table 2 shows the change of discharge in different efforts.
In this case, the change of discharge in every 2 m of water
column was calculated from the pressure in 10-20 m of water
column. Each experiment was measured 3 times and the
average discharge was recorded in the table. On this basis, a
graph of changes in the discharge of large and small nozzle
with increasing effort was made (Table 2).

Table 2

The difference between pressure and discharge

Ne Discharge Q I/s, Discharge Q I/s, Discharge Q I/s, Head H, m
(Sprinkler big nozzle) (Sprinkler medium (Sprinkler small
nozzle) nozzle)
1 0.35 0.2 0.14 10
2 0.39 0.22 0.16 12
3 0.42 0.24 0.17 14
4 0.45 0.26 0.18 16
5 0.48 0.28 0.20 18
6 0.51 0.30 0.21 20
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Fig. 7 Changes in discharge from large, medium and small nozzle according to the increase in pressure

During the experiment, the pressure increased to 2
meters of water column (10-18m) and the change during
this increase was analyzed with a mathematical expression.
As can be seen from the (Fig. 7), as the pressure increased,
the discharge also increased. During the experiment, an

increase in the firing radius was observed as the workload
increased. The throw radius of three nozzles of the selected
sprinkler model was measured and the following result
presented (table 3). It can be visible in Fig 8.

Table 3
The link between the thrust and the radius of the throw
Ne Head H, m Radius, R Radius, Radius, Middle
m big nozzle | R m medium R m small results
nozzle nozzle
1 10 8.3 5.8 4.5 6,2
2 12 9.2 6.4 4.8 6,8
3 14 10.1 6.9 5.1 7,37
4 16 10.9 7.5 5.5 7,97
5 18 11.6 7.9 5.8 8,43
6 20 12.5 8.3 6.2 9,0
9,50
0,00 y = 1,7973x05%2 0535 °
R?=0,9992 0,530 o
8,50 0525 n
_i 8,00 % 0520 .°' y= 0,328)(0’0579
LR 'S osis I R2=0,9243
7,00 L‘Q:, e
o 0510 E ®nozzle
6,50 Qo 0505 ° o o
3.° Pl

8 10 12 14 16 18 20 22
Throw radius R, m
—&— Middle results
Fig 8. The graph of the relationship between the head and
the throw radius

Discussion. According to the experience gained for
determining discharge, the possibility of determining the
discharge coefficient according to the amount of water
coming out of the sprinkler nozzle, that is, according to the
pressure and surface, is achieved by the following formula
[17]:

Q=poV2gH @

here, Q-discharge, m3/s; pu - discharge coefficient;

o-section surface; g-free fall acceleration; H-head. From

[1]: 0

H w,/2gH 2)

we reach According to the formula [2], the discharge

coefficient pu was calculated according to the change in head
for each nozzle and written in Table 4:

0,500
0,495

0,490
0 500 1000 1500 2000 2500 3000 3500 4000 4500

H/D

Fig 9. The graph of the discharge coefficient u and the
ratio of the nozzle diameter to the pressure D/H

As a result of the Fig. 9, the following equations were

obtained: 005
1=032x (g) '

3

Considering the water coming out of the sprinkler
irrigation system and the throw radius, a large nozzle is
important, and this nozzle is the main one for supplying
water to the crop field. In the next calculations, the change in
discharge was determined using the formula (3) calculated.
For this purpose, the change of pressure was checked at 4
points from the irrigated area. The discharge coefficient
and the change of discharge were considered through the
determined amounts of effort.

8-
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Table4  As can be seen from (Table 7) and it’s result

Discharge coefficient p for 3 nozzles in (Fig. 11), the decrease in pressure affects

Ne D H/D Q, m¥s H, Coeff. u discharge. This prevents the self-shoot radius
= m from decreasing and providing the crop area

with uniform moisture. Taking this into

1 0,008 1250 0,00035 10 0,497 account, the calculation of various resistances

in pipes, including the coefficient of

2 1500 0,00039 12 0,506 resistance to discharge, serves to provide the
crop area with uniform moisture and increase

3 1750 0,00042 14 0,504 the efficiency of the sprinkler. For this, it is
4 2000 0,00045 16 0,506 necessary to consider the discharge coefficient
when designing a sprinkler irrigation system.

5 2250 0,00048 18 0,508 Conclusions and suggestions. As a result
of this field research, which was carried out to

6 2500 0,00051 20 0,512 ensure the correct operation of the sprinkler
irrigation system, increase its efficiency and

! 0,006 1667 0,00020 10 0,505 provide uniform moisture to the field, the
2 2000 0,00022 12 0,507 existence of a discharge coefficient that affects
discharge and thereby other parameters, it

3 2333 0,00024 14 0,512 was determined that it should be considered
during the design process. Also, the effect

4 2667 0,00026 16 0,519 of the change in effort on the discharge
5 3000 0.00028 18 0.518 coefficient and thus the discharge resistance
’ ’ was shown. According to it, the formula for

6 33353 0,00030 20 0,527 determining the resistance coefficient (3) for
the nozzle in the sprinkler irrigation system

1 0,005 2500 0,00014 10 0,509 was determined. Through this formula, it was
found that the change of discharge and its

2 3000 0,00016 12 0,515 influence on the radius of self-shooting and,
3 3500 0.00017 14 0.523 most importantly, on uniform wetting of the
’ ’ field. According to the results of calculations,

4 4000 0,00018 16 0,523 the pressure fell from 15m to 14 m, 12 m, 10
m and the discharge coefficient was equal to

5 4500 0,00020 18 0,529 0.54, 0.528, 0.502, 0.473, respectively. These
results caused discharge to drop to 0.464 /s,

6 5000 0,00021) 20 0,532 0.438 /5, 0.385 1/s, 0.331 /5. That is, with the

burning of 35% of the energy, the discharge
decreased by 30%. Therefore, when designing a sprinkler
irrigation system, it is necessary to take it into account, that
is, to use these calculations in the distribution of pressure
and discharge.
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Dischamge andit's coeficient
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035 e
0,3 ¥
9 10 11 12 13 14 15 16
4‘/’— HeadH,m
—e—Dischargecoefficientp  —e— Discharge, Q [Ifs]
Fig. 10. A view of the sprinkler irrigation system installed Fig 11. Graph showing the effect of Head loss on
in the experimental area and the points obtained [From Discharge.

Google Earth desktop]
() Settled sprinklers
1,2,3,4-Taken points

-Polyethylene pipes
Table 5

Change in discharge according to the discharge coefficient
in the pressure change

Points Head, Discharge Discharge,
Hm coefficient Q[l/s]

1 15 0.540 0.464

2 14 0.528 0.438

3 12 0.502 0.385

4 10 0.473 0.331
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