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Freshwater resources are a natural blessing and vital to life. Water is required in many aspects of life due
to its importance in the economy. A Floppy sprinkler system (FSS) is an innovative and unique method for
pressurizing irrigation. This method has multiple applications other than traditional methods, which can
overcome farmer’s issues to adopt the high-efficiency irrigation system. The performance evaluation of
two types of floppy sprinklers (imported and indigenous) was the primary objective of this research.
Three parameters, application efficiency of the low quarter (AELQ), distribution uniformity (DU), and uni-
formity coefficient (CU), were evaluated under different levels of riser height and operating pressures. A
portable testing bench was designed to determine these parameters and the overall performance of FSS in
the agriculture field. The system operated at a different pressure range from 1.5 to 4 bar and riser heights
10ft, 12ft, and 15f for both sprinklers. The results revealed that the system achieved maximum CU, DU,
and AELQ at the operating pressure of 2.5 bar and riser height of 10 ft for both types of floppy sprinklers.
The corresponding values of CU, DU, and AELQ were 84.5%, 70.7%, and 87.0 % for imported and 82.2%,
67.7%, and 82.5% for indigenous FSS. An overlap simulation model was used to achieve a high percentage
of system performance. The results declared that the overlapping between sprinklers should be more
than 65% to avoid water losses and minimize the overall system cost.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Freshwater resources are the blessing of nature and valuable
assets for the existence of life. All sectors of life have an inevitable
water demand because it plays a pivotal role in the overall
economy. The region is characterized into arid and semi-arid
zones on the base imbalance between evapotranspiration rate
and rainfall. The increasing water demand for agriculture,
industries, and urban use has become a severe problem
(AlEmadi, 2021). Water is used for irrigation more than any other
purpose, accounting for more than 70% of water withdrawals
globally. Water accounts for 40% of worldwide food production
and is critical to feeding the world’s population, accounting for
20% of total cultivated land (Hamidov & Helming, 2020). A highly
efficient on-farm irrigation system is being required to meet the
current demand and challenges of water. The pressurized irriga-
tion system (PIS) tends to fulfill the main objective as desired
to conserve water and efficient crop production per unit area.
An efficient sprinkler system results from the proper design,
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scheduling of irrigation, and maintenance during the system’s
operation. The number of runoffs decreases due to sedimentation,
silting, and some hydrological losses. Hence, it is a dire need to
manage water for them (Gu et al., 2020).

Current irrigation methods can save a large quantity of water
under good irrigation practices, especially in semi-arid and arid
areas. Few major advantages of FSS, sprinkler and drip irrigation
systems are; the flooded land magnitude represents the supply
of water as a contrast to irrigation with the surface water,
because of high irrigation efficiency and is possible to get high
crop production along with more revenue with improved supervi-
sion (Samimi et al., 2020). A poorly managed and designed PIS
results in non-uniform water circulation. In such irrigation prac-
tices, the maximum valued result of the evaluation method is irri-
gation water uniformity. The UC is an important gauge of how
unequal or equal the application rates (AR) are after the trans-
porting technologies (Sadeghi et al., 2021). 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
(Elshaikh, Jiao, & Yang, 2018). Seven FSS in terms of field distribu-
tion efficiency was evaluated. They find out that the UCs of FSS
fluctuated from 66 to 84%. In the meantime, the UC of FSS fluctu-
ated from 59 to 78% (B. Griffiths & Lecler, 2001). Researchers also
stated that the UC was outstanding, reasonable, and meager out-
puts of 75 to 85%, 65 to 75%, and 50 to 65%, respectively (Hanson,
May, & Schwankl, 2003).

The most proficient irrigation techniques are surface irrigation,
subsurface, sprinkler, micro-irrigation, and hybrid irrigation. The
standard results obtained for water application and irrigation effi-
ciency 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 cen-
ter pivot system (Shabbir et al., 2020). The sprinkler performance
helps to differentiate the selection of a method for cropping sys-
tem. In a highly efficient irrigation system, evaporation losses, dis-
tribution uniformity, and wind drift are the primary factors that
measure the sprinkler system’s performance (Roberts, Yost,
Ransom, & Creech, 2021). 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 (Zema, Nicotra, & Zimbone, 2019).
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 reli-
ability of the sprinkler system in irrigation (Darko et al., 2017). A
recent study revealed the consequences of pulsating pressure on
uniformity distribution of sprinklers sloping land (Zhang, Fu, Ren,
& Huang, 2019). It concluded that 10% higher uniformity on pulsat-
ing pressure than constant pressure. The study evaluated the sprin-
kler 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 (Ngasoh,
Anyadike, Mbajiorgu, & Usman, 2018).

There are multiple reasons to create or plan an innovative pro-
ficient sprinkler irrigation system. It must be obligatory to deter-
mine the optimal operating conditions associated with the AELQ,
DU, CU, and exceptional delivery efficiency. Consequently, an inno-
vative floppy sprinkler is being introduced to compare the irriga-
tion performance of indigenous floppy sprinklers manufactured
with local and original floppy sprinklers. The prime objective of
this research was to simulate the experimental data and achieved
the field results and hurdles faced to adopt the PIS (Table 1).
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2. Material and methods

An indigenous floppy sprinkler was developed with the local
material and field experiment conducted on the half hectare of
land at the research farm of the Muhammad Nawaz Shareef
University of Agriculture, Multan, Pakistan (Latitude 300 08.770 N
and longitude 710 26.590). The experimental site has clay loam soil
and the availability of surface water. A representation view of the
investigational setup illustrates in Fig. 1. The system operated with
a 5.5 horsepower (HP) centrifugal pump and 4 kW (KW) motor. A
permanent overhead cable system is installed with nine rows. Each
row has a different length which consists of 6 to 9 floppy sprinkler
ports. The overall plan was designed with adjustable heights from
8 ft to 14 ft and overlapping variations from 65 to 80 percentage. A
water meter, disk screen filter, non-return valve, and pressure
gauge (up to 10 bar) were installed at the head unit to approximate
the desired water and pressure at the field. Two types of floppy
sprinklers (imported and indigenous) were established as a perma-
nent (solid set) system and a portable system (Fig. 2). This unique
floppy sprinkler project is appropriate for diverse installation pos-
sibilities as mandatory for different crops. It contains a plastic pipe
with an elastic silicon tube present in the inner part of the sprin-
kler. The water enters from the inlet cap and passes from the flow
controller. Self-operational pressure produces, and silicon tubes
rotate into up and down motion at 360� with uniform droplets.
The droplet size varied with the pressure control at the head unit
and was adjustable according to crop size and water requirement.

2.1. Data collection and experimental design

Several experiments were designed and arranged for both types
of sprinklers and systems. The indigenous floppy sprinkler was
developed and modified to improve the system’s capacity and life.
The plastic cans of 11.5 cm diameter, 80 mm height were placed
crossways on the circle of both sprinkler systems inside the water
range, or the throwing radius must be 33ft, as shown in Fig. 3. The
floppy sprinkler was operated at different operating pressure levels
from 1.5 to 4.0 Bar and riser heights 10 ft, 15ft, and 20 ft. The
height was adjusted with measuring tape and calculate the operat-
ing pressure by using a pressure gauge attaching to the pressure
pitot tube. A pressure gauge or flow meter was placed or estimate
an anticipated pressure imported and locally made sprinkler
nozzle.

The flow rate of each floppy sprinkler was measured by provid-
ing fix volume of water against time. The following formula was
used to measure the flow rate (Rundo & theory, 2017):

Q ¼ V
t

ð1Þ

Wherever: ‘‘Q” shows the rate of flow for sprinkler floppy liter/
hr.

‘‘V” shows the volume of water in liter
‘‘t” shows time to collect water in hr.
Individual sprinkler water application was determined through

installed catch cans transversely the complete loop of each sprayer
during the experiment. The following formula was used to mea-
sure the application rate (James, 1988):

A ¼ k
Q
a

ð2Þ

Wherever: ‘‘A” shows the rate of application mm/hr.
‘‘Q” shows the rate of flow for floppy sprinkler liter/min
Sprinkler floppy wetted area in illustrating as m2 ‘‘a.”
Constant unit represented by ‘‘k” (‘‘Q” in liter/min, ‘‘A” mm /hr.

K = 60., or ‘‘a” in m2)



Table 1
Mean Discharge rate (m3/h) of different floppy sprinklers at various pressure and diameter of nozzles.

Floppy Type Nozzle Diameter (mm) Operating Pressure (Bar)

1.5 2.0 2.5 3.0 3.5 4.0

Original
F.1

2.5 0.45 0.50 0.53 0.54 0.51 0.52
3 0.85 0.88 0.92 0.91 0.90 0.89
3.5 1.10 1.12 1.15 1.12 1.10 1.08

Local
F.2

2.5 0.43 0.48 0.51 0.52 0.51 0.47
3 0.83 0.85 0.88 0.87 0.88 0.84
3.5 1.08 1.10 1.12 1.12 1.10 1.08

Fig. 1. Schematic diagram for fix or solid set sprinkler site.

Fig. 2. Portable Floppy Sprinkler System.

Fig. 3. Schematic diagram for the placement of plastic catch Cans.
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2.2. Parameters for irrigation performance measurement

The selection of a suitable high-efficiency irrigation system
depends on is a challenge for farmers. The field performance in
crop variety, operational cost, and water distribution on the target
3

area could be helpful to select and design the proper pressurize
irrigation system (Pereira, Oweis, & Zairi, 2002). Some different
worldwide studies and reports quoted different parameters to
evaluate a system for field performance. In this study, three param-
eters DU, CU, and AELQ, were used to evaluate the efficiency of the
floppy sprinkler irrigation system.

2.2.1. Distribution uniformity (DU)
Distribution uniformity for irrigation water distributes the

water to the field. The uniformity denoted as DUlq (and all terms
involving the low quarter) equals around 1/8 of the area. In addi-
tion, it is a lesser amount than the cost of a numerator. According
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to (Heermann & Solomon, 2007), the DU, ‘‘regular depth pene-
trated in the small ¼ of field alienated by an average distance of
water penetrated incomplete field,” expressed as:

DU ¼ Dlq

Dav
ð3Þ

Wherever: DU shows the distribution uniformity in %age
Dav shows the average depth penetrated over the total area
Dlq shows the average depth penetrated on 1/4th of the entire

field with minimum infiltration.
According to Roger, the Ud is the ratio of the average application

quantity expected in minimum watered 1/4th of the filled (Roger
et al., 1997), which is expressed as

Ud ¼ 100
Dlq

Dav

� �
ð4Þ

where: Dlq shows the water infiltrated at average low quarter depth
Dav indicates the water infiltrated at average depth.

2.2.2. Uniformity Coefficient (Uc)
The term Uc measures the water uniformity of sprinkler irriga-

tion systems (Christiansen, 1942), representing the respective
sprinkler’s performance efficiency. The Uc has been occasionally
applied to other forms of irrigation. It is used to measure the per-
formance of sprinkler systems which has the most substantial his-
torical standard in sprinkler irrigation systems. The Coefficient of
uniformity treats under irrigation and over-irrigation equally and
is compared to the mean (Pahlevani, Ebrahimian, Abbasi, &
Fujimaki, 2021). The Christiansen formula is used to measure this,
such as:

Uc ¼ 100 1�
Pn

j¼1 Vi��Vj jPn
j¼1Vi

" #
ð5Þ

Where: Uc shows the Christiansen’s uniformity coefficient (%)
Vi shows the water depth in individual collectors
¯v shows the average water’s depth in all cans
In addition to the distribution uniformity and Coefficient of uni-

formity, some other parameters are necessary to measure sprinkler
performance, such as runoff, wind speed, AR, pump performance,
amount of water applied, and overall management of the system
should be under consideration for the sprinkler performance eval-
uation (Hartin et al., 2018). According to (Liu, Zhu, Yuan, &
Fordjour, 2019), Christiansen’s uniformity coefficient is the maxi-
mum extensively used for the Distribution of water uniformity cal-
culation in High-efficiency sprinkler irrigation systems.

2.2.3. Application efficiency of the low quarter (AELQ)
AELQ was calculated using the following formula (Xiang, Xu, &

Chen, 2018):

AELQ ¼ 100
Zr:lq

D
ð6Þ

Zr. lq shows the average low quarter depth of water measured
(mm), and D demonstrates the required average water depth
(mm).

3. Results

The consequence of working pressure on the current flow rate
for two types of floppy sprinklers, indigenous type (F1) and
imported type (F2), is shown in Fig. 4. It shows, as mentioned
above that the flow rate from specific sprinklers was highly
affected by working pressure. The rate of application reduced with
increasing the operating pressure under the same riser height. In
the intervening time, the rate of application reduced with the
4

increase of height of riser as presented in Fig. 6 A&B. The rate of
application decreased thru 11.80 % and 7.58 % for F.1 and F.2,
respectively, while the working pressure raised from 1.5 to 4.0
Bar at the height of riser of 10 feet. The same inclination was
detected for heights of 12 and 15 ft. The rate of application was
reduced by 4.03 % and 3.15 % by raising heights from 10 to 15 ft
at operational pressure 1.0 Bar for F1 and F2. The high rate could
be attained by the arrangement of low working pressure with a
low riser height for the two types of floppy sprinkler, F.1 and F.2,
respectively. The outcomes additionally exhibited that rising oper-
ating pressure from 1.5 to 4.0 Bar increased discharge rate by 19,
16, and 17% at 2.50, 3.00, and 3.50 nozzle diameter, respectively.
Broadly, it was noted that the highest discharge rate was recorded
with the highest values of both pressure and nozzle diameter
(Fig. 5).

The comparative results are revealed in above Fig. 6A&B, which
shows the changes in a similar pattern. The CU increased with the
increased operating pressure until it reached up to 2.5 bar. It would
be declined when the operating pressure increased from 2.5 bar. It
was observed that the CU values increased from 75.8 % to 84.5 % for
F.1 and from 75.6 % to 83.2 % for F2 during the increase of working
pressure from 1.0 to 2.5 bar at the height of riser 10 feet. In con-
trast, when the working pressure increased from 2.5 to 4.0 bar at
the same height, the CU outcomes decreased from 84.5 to 69.0 %
and 83.2–68.6 % for floppy sprinkler F.1 and F.2, respectively.

Also, the CU was affected by the riser height of the sprinkler too
as presented in Fig. 6. When working pressure was raised from 1.5
to 2.5 bar at height 10 feet, the DU values increase from 55.6 to
70.7 % for F.1 and from 55.2 to 67.7 % for F.2. Meanwhile, the work-
ing pressure increased from 2.5 to 4.0 bar, and DU values decreased
from 70.7 to 49.6 % and from 67.7 to 48.5 % for floppy sprinkler F.1
and F.2, respectively at the riser height of 10 feet. The DU values
decreased at the same operating pressure when the riser height
increased for 12and 15 ft. Similar results were obtained for CU at
the same operating pressure when the riser height increases by
15ft and 20 ft. At the operating pressure of 2.5 bar, the values of
DU were 70.7, 68.0, and 66.1% for F.1 sprinkler and 67.7, 66.1,
and 64.6 % for F.2 sprinkler at riser heights of 15 and 20 ft., corre-
spondingly (Figs. 7–9).

The values of AELQ at different operating pressure levels and
riser heights of F.1 and F.2 are presented. When operating pressure
increased from 1.0 to 2.5 bar, the AELQ values increased from 61.9
to 87.0 % and from 61.3 to 82.5 % for F.1 and F.2, respectively.
Meanwhile, when the working pressure was increased from 2.5
to 4.0 bar at the riser heights of 10 feet, the AELQ values decreased
from 87.0 to 64.1 % and from 82.5 to 62.4 % for F1 and F2, respec-
tively. A similar trend was established for heights of 15 and 20 feet,
but with changed results. Besides, the increases of riser height
from 10 to 20 feet lead the AELQ to be decreased from 61.9 to
57.4 % for F1 and from 61.3 to 55.7 % for F2, respectively, at the
operating pressure 1.0 bar. The same trend was found for operating
pressures of 1.5 to 4.0 bar, but with different values.
4. Discussion

The floppy sprinkler irrigation system was designed to achieve
maximum distribution efficiency and yield the maximum crop
yield. Floppy sprinkler comprises four main assemblies: floppy cas-
ing, silicon emitter tube, flow controller, and flow controller sleeve
along with different main parts, i.e., sprinkler head, weight to
retract tube, and floppy end cap. Floppy casing held all the parts
and was strong enough to bear pressure from 1.8 to 8 bar. The
selected range for operating pressure from 1.5 to 4 bar was consid-
ered to evaluate the cost of energy or power required to operate
the system. The maximum power or energy helps the water or sys-



Fig. 4. A & B: Amount of water received (ml) at Cans placing at various distances (m) of Single Floppy F.1 and F.2 and 65 % overlapping of two Floppies.

Fig. 5. Pressure and flow rate relationship for both types of sprinklers.
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tem to operate at the desired pattern. For this purpose, a flow con-
troller fixed in FSS has the main function of creating the unique
flow pattern and maintaining the pressure supported by the flow
controller sleeve. Secondly, the silicon emitter tube contributes
to creating that unique pattern under said pressure supported by
the sprinkler head and weight to retract the emitter tube. The
floppy sprinkler is unique in maintaining its pressure and flow rate
under the said pressure range. This sprinkler system was an over-
head cable system that causes no hurdles during agricultural prac-
tices and low maintenance costs.

The decreases in distribution uniformity, application efficiency,
and Coefficient of the low quarter at small at high working pres-
sures may be due to non-uniform water distribution. The main fac-
5

tors affecting water application (water distribution uniformity) are
sprinkler nozzle type, operating pressure, nozzle diameters, nozzle
material, heat, and dampness (Alemayehu, 2017; Ortiz, De Juan, &
Tarjuelo, 2010). Such factors include wind speed and direction and
sprinkler nozzle characteristics (Darko et al., 2017; Hewitt, 1998).

The results indicated a parallel trend of CU, DU, and AELQ with
the maximum values at the operating pressure of 2.5 bar and riser
height of 10 ft. The more improved water application uniformity
could be achieved under the previously mentioned operating pres-
sure and riser height. Also, the F1 sprinkler improved water appli-
cation uniformity compared with F2 under all tested levels of
operating pressure and riser height. It may be due to the manufac-
turing reliability of the F1 sprinkler.



Fig. 6. A&B: Average application rate for two types of floppy sprinklers under different operating pressure and height range.

Fig. 7. Relationship of operating pressure with DU, CU, and AELQ for two types of floppy sprinklers F1 and F2 at Riser height 10 ft.
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Two types of sprinklers were investigated by (Tarjuelo,
Montero, Honrubia, Ortiz, & Ortega, 1999) (i.e., center pivot and
solid set system). The results revealed that when the working pres-
sure raised from 210 to 480 kPa, the average CU was found 84.59 %
for a solid established system. While the working pressure raised
from 55 to 375 kPa, the result of CU reduced from 87.16 to 84.25
% for the center pivot. (Ahmed, 1994) revealed that when the
height of the riser was raised from 50 to 150 cm, the CU values
reduced from 78.50 to 72.0 % for Rain Bird sprinkler and 84.60–
65.0 % for established sprinkler in the same working pressure of
150 kPa, and the size of the nozzle was about 3.5 � 2.4 mm. A
study (Ismail, 1985) exposed that when the working pressure
raised from 220 to 275 kPa, the AELQ outcomes fluctuated from
52.70 to 75.70 % under a low-pressure operating center pivot
sprinkler system. An investigation carried by (B. M. Griffiths,
School of Bioresources Engineering & Environmental Hydrology
University of KwaZulu-Natal Pietermaritzburg, 2006) estimated
seven floppy sprinklers and 27 sub-surface drips (SSD) systems
6

about field distribution. They exposed that the UCs of floppy sprin-
klers fluctuated from 66.0 to 84.0 % and 53.0–98.0 % for the SSD
system. Whereas the DUs of floppy sprinklers were fluctuated from
59.0 to 78.0 % and fluctuated from 33 to 94% for the SSD system.

According to (Amer, 2006), uniformity distribution of water at a
high degree was achieved at 60% of sprinkler diameter at the
square pattern, and the triangular pattern was created at 50% to
70% of sprinkler spacing. The recommended spacing of sprinklers
was 50% for square and 50% to 60% for triangular layout.
5. Conclusions

Floppy Sprinkler is unique and innovative for arid and semi-arid
areas. This system is more reliable due to its low energy and oper-
ational cost. It was installed with a fixed structure and hang on two
poles. Therefore, it produced more efficient results due to control
wear and tear cost. This research concluded that the performance



Fig. 8. Relationship of operating pressure with DU, CU, and AELQ for two types of floppy sprinklers F1 and F2 at Riser height 15 ft.

Fig. 9. Relationship of operating pressure with DU, CU, and AELQ for two types of floppy sprinklers F1 and F2 at Riser height 20 ft.

S. Hashim, Alamgir Akhtar Khan, Rao Muhammad Ikram et al. Journal of King Saud University – Science 33 (2021) 101636
of both types of floppy sprinklers was more effective at 2.5 bar
operating pressure and 10ft riser height. The results led to the fol-
lowing concluding points.

1. Increase the operating pressure by increasing the application
rate or flow rate for both types of sprinkler floppy.

2. Maximum water distribution uniformity was attained on
2.5 bar operating or riser altitude of 10 ft.

3. The system designed on 65% or above overlapping produced the
maximum wetted radius.
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