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Comparativeanayssof drippers

B AYUSHI TRIVEDI, AVINASH KUMAR GAUTAM AND HARSHITA VYAS

SUMMARY : Drip or trickle irrigation is the method of irrigation which is becoming increasingly
popular in areas with water scarcity and salt. An experiment was conducted to evaluate hydraulic
performance of new drippers and to evaluate hydraulic performance of used drippers of different ages
at Jawaharlal Nehru Krishi Vishwa Vidhyalaya, Jabalpur. The study was conducted to evaluate the
hydraulic performance of drip irrigation system with new drippers of size 2Iph, 4 Iph and 8 Iph. The
different hydraulic measures viz., uniformity co-efficient, emission uniformity, co-efficient of variation
and head dischargerelationship at different operating pressure were determined by measuring discharge
of different emission devices. The discharge of dripper have been measured along the lateral with
dripper spacing of 1 m at five operating pressure (60 Kpa, 80 Kpa, 100 Kpa, 120 Kpaand 140 Kpa). The
variation indischarge of 2 |ph sizedripper (for four replications) with 60 Kpa, 80 K pa, 100 Kpa, 120 Kpa
and 140 K paoperating pressure has been depi cted. The Uniformity co-efficient (Cu) has been computed
using Christiansen’s equation. Replication wise Cu values have been presented for 2Iph, 4 Iph and 8
Iph size new drippers. The maximum and best value of Cuis98.38, 97.26 and 99.37 per cent a 2, 4 and
8 Iph (new dripper) sizesat operating pressure of 100, 140 and 100 K pa, respectively. The Cv valuefor
three size of dripper as obtained during study. It has been observed from tables, that the average of Cv
for different dripper size and at various operating pressureisin the range from 0.01 to 0.06. Emission
uniformity is typically used to evaluate manufacturing quality of the drippers and it was calculated
using the equation. The results show that all the drippers performed better at the pressure range of 60
to 140 K pa, with the emission uniformity of 80.34 to 97.82 per cent. In thisstudy, arelationship between
flow rate and pressure head has been developed for 2 Iph, 4 Iph and 8 Iph drippers. The discharge
equationsobtained are Q= 1.4564x0.078, (For dripper size2 Iph), Q= 4.651x0.023, (For dripper sze4 Iph),
Q=6.001x 0.3456 (For dripper size8Iph).

How to citethisarticle : Trivedi, Ayushi, Gautam, Avinash Kumar and Vyas, Harshita (2017). Comparative
analysis of drippers. Agric. Update, 12 (TECHSEAR-4): 990-994; DOI: 10.15740/HAS/AU/12. TECHSEAR
(4)2017/990-994.

soil near the root zone of the plant, thereby
mi nimi zing conventional 1osses such as deep
percolation, runoff and soil water evaporation.
Thefollowing characteristicsin drip, makesit
efficient for irrigation to crops are low rates,
over long periodsof time, at frequent intervals,

BACKGROUND AND OBJECTIVES

Drip or trickleirrigation isthe method of
irrigation which is becoming increasingly
popular in areas with water scarcity and salt
problems. It is a method of watering plants
frequent and slow application of water to the
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near or directly into theroot zone, at low pressure, usually
maintain relatively high water content, used on higher
value agricultural/horticultural crops and in landscapes
and nurseries, very high water application efficiency (90-
95%) can be obtained through drip irrigation method.

The estimation of pressure loss a ong the length of
adriplinehasbeen derivedinaform of simpledifferential
equation by Wu and Gitlin (1974), while Keller and
Karmeli (1974, 1975 and 1990) devised an equation that
was of the power form for the emitter characteristics.
Dhakad (1997) evaluated the hydraulic performance of
commercially avail able emitters under varying pressure
at first stages. The second part of the study was to see
the wetting pattern of different emitters under 1aboratory
condition. It wasfound that emitters di scharge decreases
when pressure is reduced from 1.1 to 0.8 kg/cm2. The
reduction of dischargeis maximumin NPC, whilein PC
emitter, thereis practically no reduction.

Christiansen (1942) proposed a co-efficient of
uniformity (CU) for evaluating the uniformity of water
application, particularly in sprinkler irrigation system. This
is based on the sum of the absolute deviations of each
observed value of discharge from their mean value as
follows:

CU = [1 - {X/ (m n)}] 100

where,

X = Absolute numerical deviation of individual
observations from the average discharge rate, Iph.

m = Average value of all observed values of
discharge rate, Lph.

n = Total number of observations.

Karmeli and Keller (1974) suggested thefollowing
equation for determining the uniformity co-efficient based
on the co-efficient of manufacturing variation and the
minimum and average discharge rates of drippers:

EU =100 (1 - 1.27 CV,) gn/ qa

where,

EU = Emission uniformity.

CV_ = Effective co-efficient of manufacturing
variation=CVm/n

CVm= Co-efficient of manufacturing variation

n = Number of dripper per plant.

Perea et al. (2013), analyzes the statistical
relationship between manufacturing and hydraulic
variations of low-pressure operating emitters assuming
that both are independent random variables. Gilbert et
al. (1981) studied emitter clogging and other flow
problems of trickle irrigation. The research conducted

to develop water treatment methods for preventing
emitter clogging and maintai ning long-term operation of
the system under actual field conditions.

RESOURCES AND METHODS

Experimental area and climate :

A field experiment was conducted at College of
Agricultural Engineering, Jawaharlal Nehru Krishi
VishwaVidhyalaya, Jabalpur (M.P). Jabal pur is situated
at 23°9’ North latitude and 79°58’ East longitudes with
an altitude of 411.78 meters above the mean sea level.
The climate of thelocality is characterized as typically
sub-tropical and sub-humid, whichisfeatured by hot dry
summers and cool dry winters. It comes under “Kymore
Plateau and Satpura Hills” agro climate zone of Madhya
Pradesh and is broadly known as rice-wheat crop zone.
The annual rainfall of Jabalpur region ranges between
1000 to 1500 mm. Various requirementsare pump : 5 hp,
mainline size : 63 mm (G pipe), sub main size : 63mm
(PVC pipe),filter : Screen filter, no. of Pressure gauge:
2, lateral size: 30 m, lateral diameter : 10 mm, no. of
laterals : 1, no. of drippers: 30, spacing between each
emitter : 1m, flow exponent: 0.48, discharge of emitter :
2 Iph, 4 1ph, 8 Iph, types of drippers: Online drippers,
beaker : 250 ml, no. of beaker : 30, control valve : Ball
valve, operating Pressure: 60, 80,100,120,140 K pa.

In this study on all factors that can influence the
different typesand age of drippersunder field conditions
was undertaken. On pressure compensating drippers most
commonly used drippers in the area were selected for
study. New, two yearsused and four years used drippers
were obtained from various sources to determine the
effect of age on their performance. The emitters with
rated flow rates of 2, 4 and 8 Iph were selected for the
performance tests. The experimental field consisted of
one lateral on which 30 emitters spaced at 1 m were
placed. Emitter flow rates were measured at the
operating pressure range of 60, 80, 100, 120 and 140
Kpa. The pressure was maintained in the laterals by
adjusting ball valveslocated at mainline. The catch cans
were placed below the emitter for discharge
measurement. The amount of water applied iscalculated
from emitter flow rates measured at various points in
the dripper line. The Cu is a measure of the uniformity
of emitter flow rate. Asdripirrigation pipeisacollection
of point sources in series, there will be differencesin
application rate and amount in the row space between
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the emitters. The design operating pressure shall bein
accordance with the recommendations of the
manufacturers. The system operating pressure must
compensate for pressure losses through system
components and field elevation effects. According to
Keller and Karmeli (1974) and Howell and Hiler (1974)
the power law relationship between flow rate and
Q=K H*

OBSERVATIONS AND ANALYSIS

The different hydraulic measures viz., uniformity
co-efficient, emission uniformity, co-efficient of variation
and head discharge relationship at different operating
pressure were determined by measuring discharge of
different emission devices. Thedischarge of dripper have
been measured along the lateral with dripper spacing of
1 m at five operating pressure (60 Kpa, 80 Kpa, 100
Kpa, 120 Kpaand 140 Kpa). Thevariation in discharge
of 2 Iph sizedripper (for four replications) with 60 K pa,
80 Kpa, 100 Kpa, 120 Kpa and 140 Kpa operating
pressure has been depicted. The Uniformity co-efficient
(Cu) has been computed using Christiansen’s equation.
Replication wise Cu values have been presented for 2l ph,

4 Iph and 8 Iph size new drippers.The variation in
Uniformity co-efficient of 2,4 and 8 Iphnew dripper is
shown in Table 1, 2 and 3, respetively. The maximum
and best value of Cu is98.38, 97.26 and 99.37 per cent
at 2, 4and 8 Iph (new dripper) sizes at operating pressure
of 100, 120 and 140 K pa, respectively. The Cv valuefor
three size of dripper asobtained during study. It hasbeen
observed from tables, that the average of Cv for different
dripper size and at various operating pressure isin the
rangefrom 0.01t0 0.06 andisshowninFig. 1. Emission
uniformity is typically used to evaluate manufacturing
quality of the drippers and it was calculated using the
equation. Theresults show that all the drippers performed
better at the pressure range of 60 to 140 Kpa, with the
emission uniformity of 80.34 to 97.82 per cent. In this
study, arelationship between flow rate and pressure head
has been developed for 2 Iph, 4 Iph and 8 Iph drippers.
The discharge equations obtained are Q= 1.4564x0.078,
(For dripper size 2 1ph), Q= 4.651 x 0.023, (For dripper
size4|ph), Q=6.001x0.3456 (For dripper size 8ph).
Dripper discharge was measured at different
operating pressures i.e. 2 Iph, 4lph and 8 Iph and is
depicted in Fig. 3, 4 and 5. Dripper discharge was

Table1: Variationin uniformity co-efficient of 2| ph new dripper

Pressure, (Kpa) R! R’ R® R Avg.
60 96.63 97.51 97.46 97.05 97.16
80 97.29 98.18 96.29 98.08 97.46
100 98.38 97.86 97.16 97.31 97.88
120 96.65 95.56 95.72 95.56 96.99
140 96.88 98.21 95.56 98.12 97.54
Table 2 : Uniformity co-efficient of 4 Iph new dripper

Pressure, (kpa) R! R’ R® R Avg.
60 98.92 98.67 99.27 99.06 98.97
80 99.22 98.30 98.23 98.67 98.72
100 99.28 98.12 98.87 97.26 98.70
120 99.00 99.23 99.31 98.83 99.07
140 99.32 99.22 99.34 99.19 99.26
Table 3 : Uniformity co-efficient of 8 Iph new dripper

Pressure,(Kpa) R! R? R R Avg.
60 92.08 97.46 97.15 98.01 95.04
80 93.86 95.70 92.11 97.75 94.93
100 96.53 94.20 97.15 98.55 96.37
120 99.37 96.17 95.93 92.68 96.03
140 92.70 95.35 96.26 96.86 94.78
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measured at different operating pressures (4 years used
)i.e.21ph, 4lphand 8 Iph andisdepicted in Fig. 7, 9 and
11. Dripper discharge was measured at different
operating pressures (2 yearsused ) i.e. 2 Iph, 4lph and 8
IphandisdepictedinFig. 6, 8and 10. Inthe study carried
out following conclusions can be drawn. Performance
of new drippers of 2Iph,4Iph and 8lph size is excellent
class. Performance of 2 yearsused drippersisvery good
to fair class and 4 years used drippers is poor to
unacceptable class. Drippers should be cleaned and
maintained regularly to give better uniformity even after
2 years otherwise replaced after 2 years of use.

=

S 44— 60Kpa
\f ~fll—80Kpa
(4]

g’ 4 100Kpa
-§ 2 —F—120Kpa
.5 3 140Kpa

0 +—+—rrrrrrrrr T

13 5 7 9 11 13 15 17 19 21 23 25 27 29

Dripper number

Fig. 9: Discharge of 4l ph (4 years used) drippers at different

operating pressure

=
2
0y
(o))
3
<
3
a

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Dripper number

Fig 10 : Discharge of 8| ph (2 years used) drippers at different

operating pressure

7
—~ 67
<
2 5
G 4 - —o— 60 Kpa
(=)
3 3 . - 80 Kpa
3 - 100 Kpa
a —=— 120 Kpa
14 —3 140 Kpa
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Dripper number

Fig11: Discharge of 8l ph (4 years used) drippers at different

operating pressure

Authors’ affiliations :

AVINASH KUMAR GAUTAM, College of Agricultural Engineering,
Jawaharlal Nehru Krishi VishwaVidyalaya, JABALPUR (M.P) INDIA Email:
avinash.jnkvv@gmail.com

HARSHITA VYAS, Department of Soil and Water Engineering, College
of Agricultural Engineering, Jawaharlal Nehru Krishi Vishwa Vidyalaya,

JABALPUR (M.P) INDIA Email:harshitavyasl5@gmail.com

REFERENCES

ASABE standards (1999). EP 458. 46" Ed. Field evaluation of
micro irrigation system.St. Joseph, Mich. ASABE.

Chavan, M .L ., Khodke, U.M. and Jadhav, S.B. (2009). Hydraulic
performance of manually operated drip irrigation system.
Internat. J. Agric. Engg., 2: 273-277.

Christiansen, J.E. (1942). Hydraulicsof sprinkling systemfor
irrigation. Trans. ASCE., 107 : 221-239.

Dhakad, S.S. (1997). Performance characteristics of emitters.
M.Tech Department of Soil and Water Engineering Thesis,
College of Agricultural Engineering, Jawaharlal Nehru Krishi
Vishwa Vidyalaya, Jabalpur, M.P. (INDIA).

Enciso, J. and Portar, D. (2005). Basics of microirrigation.
Publications of Texas Cooperative Extension, TexasA & M
University, Weslaco and L ubbock.

Gil, J.A.,Khan, L. and Hernandez, R. (2002). Evaluation of the
hydraulic performance of several imported emitters for drip
irrigation. Revista Cientifica UDO Agricola, 2 (1) : 64-72.

IRYDA (1983). Normaspara la redaccion de proyectos
deriegolocalizado. Ministerio de agricultura, pescay
alimentacion. Madrid, Spain.

Isaya, V.S. (2001). Dripirrigation. Technical handbook No. 24.
Published by SIDA Regional Land Management Unit (RELMA).

Keller, J.D. and Kameli, D. (1974). Trickle irrigation design
parameters. Transac.ASAE, 17 (4): 678-684.

Keller,J.D.and Karmdli, D. (1975). Trickleirrigation design.1%
Ed. Rain Bird Manufacturing Corporation, Glenotora, Cdl.: 133.

Keéller, J. D.and Bliesner, R.D. (1990). Trickleirrigation design.
Van Nostrand Reinhold, NEW YORK, U.SA.

Perea, H., Enciso-Medina, J.,, Singh, V.P, Dutta, D.P. and Lesikar
B.J. (2013). Statistical analysis of non-pressure-compensating
and pressure-compensating drip emitters. J. Irrigation &
Drainage Engg., 139 (12) : 986-994.

Wu, |.P. and Gitlin, H.M. (1974). Drip irrigation based on
uniformity. ASAE, 3: 429-432.

th
Year

* % % % % Of Excellence « x » x %

Agric. Update, 12 (TECHSEAR-4) 2017 : 990-994
Hind Agricultural Research and Training Institute



