DESIGN, CONSTRUCTION AND PERFORMANCE EVALUATION OF A DRIP
IRRIGATION 5YSTEM

Ewemoje T. A; Adewele, 0. A. and Enujowae, 0. 0.
Agriculiural Engineering Department, Facully of Technology, University of lbadan.
lnyo ewemojeid vaheo.co.uk

ABSTRACT
A gravilational drip imigation system was designed and constiucted using available materials; ol tested lor the wsc of
smaoll-scale Garmiers. The system has 4 laterals cach 4m long, with each of the laterals having presswc-compensaling
emilters. This was cvaluated based on ils elficiency. Tests show that discharge per lateral is 8 Vir and each of the °
cmitters can deliver 2.1 Wi with an operating head of 0.97 m. The crop waler requirement was based on the
cvaplitranspiration rate for 1badan climatic zone that was given as § mm/day.  Waler conveyance cllicicncy was 9975,
Applicatin efficiency approximates o 94.5% while overall system efficiency was 94.05 %. These results comroborate
with Jess (2001) who put the overall elficiency of drip imigation system at 90 % and above. The tetal cost of ownership
was cstimated ot ¥ 10,030 while the total operating and maintcnance cost was # 308, a5 ot Febmuary 2004, The
eflicicncy of the system coupled with the cost of installation, maintenance and repair show that it is cost efTective and

vinble,
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i INTRODUCTION

One of the developmental challenges of
the new millennivm is how lo achicve a cost
effective irrigation proctice and management
method. The world por-slation is expecled o
reach Y billion by the year 2050, bul by then,
almost all the crop production will occur in the
developing  countries, many of which the
resemch by Johan (20013 has established will be
situated in the tropical enviropment where water
is a primary constraint in social and economic
development. vccordingly, it has been estimated
that some 35% of the world population will be
facing walcr scarcity by the yecar 2025 (Kcller el.
al. 2000}, The prinsary reason for this is the large
vedume of water “would be necded 1o sustain
human diet.

Jrrigation may be total or supplemental,
Microsoll (2002) listed four main methods as
used today o irrigate field: Flood, Furrow,
Sprinkler, and Drip (trickle) irrigation systems.
Sub-¢lasses ol furrow” and flood  irrigation
systems  are  basin, border, and  corrugation
systems (Larry, 1998). Drip irrigation dJelivers
small but frequent anivunt of water to the root
arca of the crop. Lamy, (1998); Jess (2001); and
Microsofl (2002); classily drip irrigation as the
mast eflicient method ol irrigation which ensures
a minimuni loss of water through evaporation
and percolation into the ground. A drip irrigation
system essentially consists of a main line, sub
main, lateral, and emitters. The ancillary
componeits include a valve, pressure regulator,
filters, pressure  gauge, fertilizer application
commponent, backflow  stopper, and end cap
{Michael, 1998), The ratio of volume of walter
actually utilized by plant 1o the volume of waler
applied w the field is the imrigation efficiency
(Larry, 1998). Upton (1997) ranged the feld
irrigation efficiency between 25% and 95%.

With only 20% of the world croplend currently
under irrigation, it has contributed almost 40%6 of
the world feod prodoction (Johan, 2001). This
fact alone as Upton (1997) lies presumed, scives
o cinphases the importance of irrigation as a
means of increasing sgricultural productivity.
Rescarch shows  thal  irrigation  is
proctiscd on about 20% of the world cropland,
and is claimed 1o contribute almost 40% of the
world fvod. However, Johan (2001 ) stressed that
in poor develuping countrics imipoeted agriculture
generally accounts for less than 5% of cropland,
and 70% of the developed and developing
countries  gencrally depend on rain fed
agriculture fur food production. The reason for
this especially in developing countries is lack of
initial capital or the rather oo expensive initial
cusl, Thus, there is the necd o present a simple
and efficient irrigation ncthod- with greater
cconomy for water use withoul undermining crop
production output. Hence the objectives of this
study were: lo design and constnicl gravitationa|
drip irrigation system; cvalunte the systeih; and
estimate the cost of installation ol the systcim,

2, METHODOLOGY

Climatic data or cference  crop
evapotranspiration (ET,) data was retrieved from
the CropWat for Windows Programme of the
FAO (1992), which uscs the Penman-Monteith
method for calculating ET, used in crop water
requirements and  drrigation scheduling
calculations (Table 1). The station, Ibadan is
located on latitude 7.26"N and longitude 3.54";

-al 228m above mean sea level, Long-term

average climatic data {(1973-2002) for lbadan
was obtained from IITA weather station and
these climatic data  (rainfall,  humidity,
temperature, wind speed, solar radiation, and
sunshine hours) were imputed into the CropWal



Actual soil type was found from the USDA

Programine {or verification and validation of the
textural triangle to be sandy clay loam soil with

ETy model.

Soil texture analysis had been carried high final infiltration ratc 3-8 cm/hr.
: out by Ohioma (2000), revealing the sand, clay Table 1: Climate and Evapotranspiration data for
. and silt percent to be 68, 24and 8 respectively. Ibadan.
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Data Scurce: DACROP\CLIMATEMBADAN.PEN

Country : Nigeria Station : Ibadan
Altitude: 228 meter(s) above BL.S.L.
Latitude: 7.26 Deg. (North) Longitade: 3.54 Deg. (East)

Month MaxTemp MiniTemp Humidity Wind Spd.  SunShine Solar Rad. ETo

(dep.C) (dep.C) (%) (Kwm/d) (Hours) (MJ/m2/d)  (mm/d)
January 32.8 0.6 70.0 10:4.0 6.5 17.6 4.69
February 34.1 213 68.0 104.0 6.9 19.2 4.56
March 343 225 720 86.0 6.3 121 4.48
. April 33.5 2.5 72.0 69.0 0.0 18.7 4.26
" May LS 22.1 76.0 69.0 © 6.1 18.3 3.98
June 29.7 1.6 79.0 69.0 5:1 16.4 3.50
July : 27.1 280 810 43.0 3.0 135 2.52
August 217, 20 81.0 69.0 2.3 12.8 2.82
September 292 21.0 79.0 69.0 3.0 13.9 3.11
October 30.3 20.8 71.0 69.0 53 17.0 3.61
Novensher 31.8 21.0 74.0 85.0° 6.8 182 ¢ 3.94
Deceniher 32.3 20.6 72.0 86.0 6.8 17.6 3.86

Average «31.3 21.3 5.1 76.9 5.3 16.9 3.95

Pen-RMon cquation was used in ETo caleulations with the following values
for Angstrown's Coeliiclents:
A=025/b=05

“Source: FAG (1991).

T ° 3. THE DESICN 80% of the area, the peak evapotranspiration rate
' PEAK EVAPOTRANSPIRATION RATE TFOR is 4 mm/day.
CROPS UNDER DRIP IRRIGATION: Schwab
et. al. (1993) gave the following water use rate VOLUME OF WATER PER  PLANT:
for drip rrigation design. According to Schwab et. al. (1993) can be
. Bl = ETy X P 785 - " asesiins m expressed as
ET,x arca / crop
Where; 1T, == Peak evapotranspiration rate for Volume of water / plant = ——— e ()
February {mm/day) = 5 mm/day (Table 1) Eu ’

P = Percentage of the total area shaded by the
crop (%). Assuming a vegetable plant shaded
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Where; Eu (emission unifurmily il 2-2.5% shupe
ranpe and wniform steep wpography= 87.5%
(ASAL, 1985)

Arca ferop = D= L BT = 4 mmfday = 4/
1000 = 0.004 m'fday=4 Vday

Therelore the volume of water required per plant
15 Wy,

EMITTER DISCHARGE: The rate at which an
emitter will discharge water depends on the
hours  of opeabon, Assuming the  brrgation
system would be operated lor 2% hrs. Then
emitter discharge per plant will be A.W2% = 2% I/
hir. This dmplies that the laferal would deliver 4 =
2 0hr = B Ww (4 cmitters un a lmeral) aod the
maindine would deliver 4 x 8 I hr = 32 ¥ hr
{since thiee are 4 laterals on the mainkine).

EMITTER SELECTION: This depeads on the
crop 10 be irrigated, filtrstion requirement and
‘particularly on grower’s preference. The various
citters  include; line source, point  source,
bubsbler and micro sprinkler covitters. The point
sonrce  emiller was  chosen lor this  design
hecause it is well suited to vepetable crops.

The point source cmiller that was available is the
joinl  sgurce  pressure  conpensaling  cinilter,
which iz equipped with an independent pressure
compensating  mechonizim  that  enswes  cven
distribution  regardless  of  ihe  dillicult
lopographic situation and varying water pressure,
It has a coellicient of varintion of 0.03. The
pressure al which the lateral would operale so0
that the emitter could deliver the specificd
amount of wiler (2 1) was obtained from the
manufacturer’s chart and the value was 0.96
melers

DESIGH  OF THE ° LATERAL  AND
MATNLINLE: The pressoce vagintion in the lateral
is normally kept within the range of the emission
uniformitly. (ASAL, 1985)

Bu=100(1.0- 1.2 €ty .....oci. (3

n 0,
Where; Lu = Assigoed value of the uniformily of
cmitter dizchiarge rates of the system is 875, n=
number  of, emitters per plam (1) ; C, =
manulncturers cocllicient of variation (0.03}; gy
= minimum emitler discharge rate for the
minimury pressure in the system (Vhe), and g, =
design emitter discharge rate (Vhr)
From (3.0); q.,/ q,= 0.91. The AuteCAD design
layout of the Jdrip Irigation is shown in Fig. 1

FRICTIONAL LOSS CALCULATION IN THE
LATERAL: The frictiona] loss in the lateral was
calculated by using the Darcy-Weisbach
equation, which is written in the form

180

(K)(C) (L) Q™)

”I.- = [y

IJ?m*n

Where; K = frictional lactor that depemds on e
material; L = length of pipe (m)

Q = Now re (Mmin); D = diamcler of jupue
{mm); C, m, n = are constanls,

The value of K can be detcrmined from ihe
formula
K=0811(1/). {3)

Where; I'= the [rictional Rictor; g osacecheration
due o gravity

The value of I is also estimatothligin its relation
o the Reynolds number W

=041 Mg i)
for Mg <2000 (the My s i), T= 0,12
Ny 05

for Mg between 2,000 and 100040
tug bulent) but

(ihe Aow i

(T RAPIRRYS|
Mp = (7~
(Ko} i)

Whicre, Ng = Reynolds numbur (dinensionleas);
=N densily of waler (glem'), v = avermnge
velocily {em/is);

p= Viscosity of fluid (N-s'm”); K.y = constant i,
10 for pin glem’,

Barb losses due lo emitiers protruding through
the pipz wall to obstruct low must also be
included in the losses duc (o hicad. These losses
are read from a graph of eyuivalent pipe length in
melers for varipus sizes of barbs and inside
dinmeter of leteral (James, 1293). With 1o
diameler pipe (assumed), the heod loss can be
calculated thus;

LetP p=1glem’, D = Loem, Q = §/3600 (I's),
"=1.002 x 107 a1 20°%, Ko = 10

Velocity (V) = QA Whae, A = aica ol pipe
(rD/4);

V=111 cmfs; Mg=177.2

Since Mg is < 2,000, then the Mow is laminar
henee; M= 0.36 and K = 0.03. .
Currecting for barb losses, equivalent length (1.}
= & + (number of emission device) = Cp

Where; CL=0.36 t=0.11m

L =4+ 4 x 0,11 =4.44m

Hy =624 x 10 :

The result of the head loss for other pipe
diameter and cost per meter length of lateral is’
shown in Table 2 *

The 16 mm pipe was chosen specifically duc to
cost so that it can be tested for pressure varintion,
The pressure variation within the Ioteral can be
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Fig. I Gravitational Drip Irrigation System

Talple 2:

Caleulated Head Loss and Cost of the lateral pipes

' 384 107

N0

can be caleulated thus;

Pressure variation In pipg = Py=1P;and P, - k
iy ¢ V). Where; I, Py = pressure al upstream
andd downstream  pasilions respectively; by =
energy loss in pipe  between upsiream  and
downstream  {(w];- ¥z = elevalion difference
hotween upstream and downstream (m); k =
constont ( k=081 for 1., and Py in k"a)

It by = Cxllp+ M

Where; [ = constant depending on the method
used to eslimate 1= 0469 (Source: James
19933,

M, = minor losses through fittings (it is zero
since there is no ikings along the pipe ling)
Therefore by = (0,469 x 624 % 10" +0=293 »
1y

Py = 9.42 (kI’w) = 9.81 (m/s”) x 2.93 x 107 (m) =
9417 kPPa

187

Pressure variation = (9,42 - 9.417) =0, 003 kpa
But 5% of the operoting pressure is 5 / 100 »
3.42 = 0.47 kpa

Therefore, pressure difference in the 16mm
lateral pipe diameter is within the recommended
range because it is nol up to 5% of the lateral
operaling pressure {James, 1993). Therefore the
lnteral design is o.k.

FRICTIOMAL LOSS CALCULATION M THE
MAIN LINE: Similar procedure was uséd in the
caleulation of frictional loss in the lateral pipes.
Pressure variation was calcutated to "he 0.002
kPa, but 10% of pressure in the mainline is
0.9422. Tlence the pressure defercnce in this case
is very small i.e. not up o 10 % of the pressure
in the mainline (James, 1993). Thercfore the
mainline design is acceptable.



PRESSURE AT THE INLET 7O THE MAIN:
The value of this pressure is found thus

Pressure b inlet 1o the main = operating pressure
ol the lateral (sce section 4.5) + frictional loss in
the lateral + frictional loss in the main line +
clevation difference between the junction with
the misin and the farthest lateral (it is assomed 1o
Le zero in this case). Sclnwab ot al (1993).
Pressure ab indet o the main = .96 + 0.000624 1
LODO3E=0961m

Applying the steady Mow encrgy cquation we
have Pressure at outlet o 1he main o be 0.969 m.
Caleplated value 15 MW neters above the
required main supply pressure, this is negligible,
Hence design is ok,

4. RESULTS DISCUSSTON

The overall  perfonmance  of  this
irrigation scheme is oblained using the equation
sugpested by Larry (1998), presented below:

b = (R 00 s B 100 X B 1000 (5.0)

Where, f = overall syslem clliciency; £, =
reservoir storage clficiency; £, = conveyance
efficiency: £, = applicution efficiency. ES
Water conveyance eflicicney was 99%, while the
reservoir  storage  eflicieney was 100%  (no
leakage  of containers  used  as  reservoirs),
Application elficiency approximated o 94.5%
while overall system efficiency was 94.05%.
This result corroborates with Jess (2001) who put
the overall efficiency of drip irdgation systcm-at
90% ond above.

Meglecting water, Inbour and cnergy
costs, the ownership and operating cost include
the following: Reservoir, Emitters, Pipes (lateral
+ main), Gate valve (1), Ball valver(1). Elbow
Juint (2), Adhbesive, Standard tee joim, and
Clothing filter (.91 m). G Stotal cost of
owrfership was estimated/An ) BELOI0 swhile the
wotal eplrating and mainiGfince cost was M 308
as al Febrwary 20044

The discharge\pér cmitter of 2L/ lor
the designed 48 %’ arca of land shows that
there is tendency  lor pressure  luctwations
especially (G laeger hectares of Lind exeept fora

larger reserveir storage ik, Hosever, @ 50 s St
m? arca of land will still be cpvered with ihe
capacity of the tnk used here withow any
appreciable effect on the pressure
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