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ABSTRACT. A computer program has been developed for design of surface
drip irrigation system. It could be applied for calculation of small scale
fields with an area up to 10 ha. The program includes two main parts:
crop water requirements and hydraulic calculations of the system. It
has been developed in Graphical User Interface in MATLAB and gives
opportunity for selecting some parameters from tables such as: agro-
physical soil properties, characteristics of the corresponding crop, climatic
data. It allows the user of the program to assume and set a definite value,
for example the emitter discharge, plot parameters and etc. Eight cases
of system layout according to the water source layout and the number
of plots of the system operation are laid into hydraulic section of the
program. It includes the design of lateral, manifold, main line and pump
calculations. The program has been compiled to work in Windows.

KEY WORDS: Drip irrigation, crop water requirements, hydraulic design,
graphical user interface.

I. Introduction

The world population will rise from 6.8 billion today to 9.1 billion in
2050, according to the latest UN projections, — “a third more mouths to feed”
than there today. Nearly all of the population growth will occur in developing
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countries [1]. Using natural resources more efficiently and adapting to climate
change are the main challenges world agriculture will face in coming decades,
producing 70 percent more food for an additional 2.3 billion people by 2050
while at the same time combating poverty and hunger, according to an FAO
discussion paper published on 23 September 2009, Rome. Agriculture accounts
for 24% of water abstraction in Europe — up to 80% in some southern member
states — compared to 44% abstracted for cooling water in energy production,
according to the European Environment Agency. Therefore, the Commission
has identified agriculture as the priority sector in which measures to combat
water scarcity need to be considered [2]|. Fostering water efficient technologies
and practices is one of the main policy options of European Commission since
2007 [3].

Drip irrigation offers the most efficient and productive way for apply-
ing water and nutrients to crops. The systems conveying the water and their
emitter devices and the whole system control must be very precise. They need
a proper design and management. The efforts of some scientists are devoted
to improve the components of drip irrigation system: emitters, valves, con-
trol equipment. Another group of scientists develops computer programs for
performing hydraulic calculations of drip irrigation system. Such products are
Hydrocalc (Netaphim), AquaFlow 3.0 Design (Toro), Norveco and etc. All of
them offer only hydraulic calculations of a drip irrigation system. A computer
program is developed by [4] for hydraulic evaluations of drip irrigation system
and its’ optimization.

The subject of this paper is to describe the developed program for drip
irrigation system design. It is accomplished in Graphical User Interface (GUI)
in MATLAB. The program includes two main parts: crop water requirements
and hydraulic calculations. It gives convenient way for choosing soil, crop,
climate data and emitter characteristics. GUI in MATLAB offers variety of
interactive elements: tables, edit texts, radio buttons, pull down menus and
push buttons, which can be easily implemented and additionally coded for
performing the necessary calculations.

II. Crop Water Requirements

1. Total Available Water Capacity, TAWC

The methodology, which the program is based on, is with closed connec-
tion with adopted knowledge during the attended course on modern irrigation
technologies in Israel. Total available water capacity can be calculated accord-
ing to the following formulae:

(1) TAWC = (FC —WP) x BD x 10, [mm]
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where: F'C — the Field Capacity, [%| (weight basis), (Table data according to
[5]); WP — Wilting Point, |%] (weight basis), (Table data according to [5]); BD
— Bulk Density of the soil, [g/m3], (Table data according to [5]). We can choose
from first window of the program (Fig. 1) soil characteristics holding the button
CTRL. They are for clay-loam soil the following: They are for clay-loam soil
the following: FC = 40%, WP = 25% and BD = 1.3 g/m? (Infiltration rate
IR =4 m/s will be used later) and TAWC can be calculated by the program.

e me =

-n new_cwrll =l = S

Field Capacity| Wilting Point| Bulk Density |Infiltration Rate

Sand 15 T 1.6900 13
Loamy Sand 18 7 1.6300 12
Sandy Loam 20 8 1.5100 10
Loam 25 10 1.4300 T
Silty Loam 30 12 1.3300 6
Silty Clay Loam 35 22 1.2700 5
Clay Loam 40 25 3000l 4
Silty Clay 40 27 1.2100 3
Clay 40 28 1.2500 2

185

Fig. 1. Crop Water Requirements — first window of the program

2. Readily Available Water (RAW) in the main or the effective
root zone
This crop characteristic is determined by means of the next equation:

(2) RAW =TAWC x DRZ, [mm]

where: DRZ — the Design Root Zone or the effective root depth, [m], (Table
data according to [6]).
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3. Design Net Water Requirement (NWR)
It can be obtained by calculating the following expression:

(3) NWR = RAW x MAD x WAR, [mmn]

where: M AD — the Maximum Allowable Depletion for the corresponding crop,
[%], (Table data according to [6]), M AD = 30+70%; W AR — the Wetted Area
Ratio, [%)].

4. Calculating wetted diameter (WD) by the emitter

The equation developed by Zazueta (1992) is the following:

ge x DRZ\'?
] ., [m]

(4) WD =0.01 < T

where: WD — the Wetted Diameter by the emitter, |m|; g — the emitter
discharge |1/hr|; IR — the Infiltration Rate [m/s|.

4.1. For non-overlapping wetted area (for wide spaced crops)
The wetted area for non-overlapping drippers can be estimated by the
following formulae:

Swet T x WD

- )
Se X 8] 4 X 8¢ X 8§

(5) WAR = (%)

where: Syt — the area wetted by the emitter, [m2]; Se — the spacing between
the emitters, [m|; s; — the spacing between the laterals, [m)].

4.2. For overlapping wetted area (for closed spaced crops)
The wetted area for overlapping drippers can be determined as follows:

S'wet Tx WD

X S 4 X Se,pued X SI

(6) WAR = . [%)

s €reduced

where: s, , . — the reduced spacing between the emitter as a result of over-
lapping.

The area of overlapped circle segment will be kSyet, kK = 0.2 for 20%
overlapping. We know wetted diameter and the area to be overlapped. Than,
we calculate the apothem and multiplying it by two to obtain the reduced
spacing between drippers:

1
(7) Ssegment = Ssectm“ - Striangle = §R2 (‘9 —sin 9) = ks’weta
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D
where: R — is the radius of the wetted area, R = WT We can obtain 6 in
radian from the next equation:
(8) sinf — (0 — k) =0,
0
9) Rreduced = OM = R cos (5) )

Table 1. Coefficients of overlapping and coeflicients of radius reducement

coefficient of overlapping k | Central angle 6 | Coeflicient of radius reducement
0.1 047 0.809
0.2 0.5 0.707

For example, for 20% drippers’ overlapping £ = 0.2 , § = 0.57 and
Rieducea = 0.70TR
The reduced emitter spacing will be as follows:

(10) Sereduced — 2R7‘educed

Fig. 2. Overlapped wetted area

We can give a value for emitter discharge and choose DRZ = 0.45 m
and M AD = 35% for pepper, and to assume values for the emitter spacing and
the lateral spacing. The program either calculates the reduced emitter spacing
or equates the value of emitter spacing to the one assumed previously by choos-
ing one of the radio buttons for non-overlapping drippers or 20% overlapping
drippers. The program calculates the corresponding values for the wet area
ratio W AR and the net water requirement NW R, pressing push buttons for
wetted diameter W D.
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nnew_CWIZ
TAWC 195
IR 4
q
27
DRZ MAD
Onions 0.4500 a0
Peanuts 0.7500 50
Peas 0.7500 40
Peppers vasool sl
Potatoes 0.7500 50 =
Spinach 0.4500 25
Strawberries 0.4500 158
Emitter Spacing 06 Lateral Spacing 06
Drippers scheme:

(11)

) non-overlapping drippers

@ 20% overlapping drippers

Reduced Emitter Spacing 0.4242

043815
ose

18.185

Se 0.4242

=)= =]

Fig. 3. Crop Water Requirements — second window of the program

5. Gross Water Requirement (GWR)

It can be calculated using the following expression:

GWR =

NWR
Design efficiency, %

(o]
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6. Irrigation Interval (IrI) (Frequency of irrigation)
It is important for irrigation scheduling and is determined by the next

ratio:
NWR
12 Irl =
(12) T Tie [days]
(13) Etc = Etpk., [mm/day]

where: Et. — the peak daily crop evapotranspiration [mm/day|; Et, — the
reference crop evapotranspiration [mm/day|, (Table data according to [7]); k.
— the crop coefficient. (Table data according to [8]).

7. Application Rate (AR) It can be evaluated as it follows:

e

14 AR =
(14) Se X 87

[mm /hr]

8. Duration of Irrigation
It can be determined by means of next relationship:

GWR
(15) Dur. Irr. = AR [hr]

9. Number of plots irrigated per day
This number depends on ratio between the assumed time for system
operation and the duration of irrigation:

Assumed time for system operation

(16) Number of plots = Dur Irr

To obtain values for the gross water requirement, GW R we point out
the design efficiency in % in the edit text on the third window of the program
and then we press the corresponding push buttons. Then, we have to select
one value for the reference evapotranspiration from the table according to the
climatic zone and one value for crop coefficient from the next table. The values
for crop coefficient are editable and the user can give his own value, which
the program will use in next calculation, but will not save it. Then, we have
to double press the push button for ET,.. The program will calculate the
corresponding values pressing the buttons of the irrigation interval and the
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u new_cwr3 -
NWR 18185 q 27 -Appl.Rate 106082
Design Efficiency. % 0.9 Se 0.4242
— 20.2056 sl 0.8

Reference Evapotranspiration, mmiday

Mean daily temp. <15 deg C Mean daily temp. 15-25deg.C Mean daily temp. =25 deg.C
Serni arid min 4 6 8 .
Semi arid average 5 £.5000 2.5000 i
Semi arid max ] 7 ] =
Sub-humid min 3 5 7
Sub-humid average 3.5000” 7.5000 -
Crop Coefficient
Crop Coefficient
Spinach 1 &
Radish osooo |
VEGETABLES -5OLANUM FAMILY 1.1500
Egg Plant 1.0500
Sweet Peppers 0500
Tomato | 11500 _
——— = [ S p— 1 .
a4 [ 3
Etc 5775 IrrIntenval 31480
1.0047 Assumed time for operation 4
Number of plots 21001 ImArea E]

Fig. 4. Crop water requirements — third window of the program

duration of irrigation. We obtain the calculated value assuming the time for
operation and pressing push buttons for number of plots.

II1. Hydraulic calculations of lateral

1. Head losses due to friction along the lateral
The Hazen-Williams Equation is used for calculating hydraulic gradient
as follows:

1.852
Qlat —4.87

12
(17) o, = 113 x 10 ( = Pl

(18) Qlat = Nelatteml e FQ’

where: Jo,  — the hydraulic gradient of the lateral expressed in promiles [%];
Quat — the emitter discharge of the lateral, [m3/s|; Ne,,,,..., — the number of the
emitters along a lateral; Fig = 2.7778 x 10~* — the conversion factor from liters
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per hour to liters per second; Cj,; — the Hazen- William coefficient reporting
pipe smoothness, C' = 150 for plastic pipes; Dj,; — the inside diameter of the
drip lateral, [m]|, [9], [10].

@ @ I € — \ 1 m——
“Marifold | i i |
| - 0
Lateraol I I } ‘ | |
| . .
| 1 1 t le | 12 |3 |4
Corner Woter Source Gernerhate R ee Corrner Woter Zource Correr Woter Iource
One plot Two plots Three plots Four plots
| I i | | [
Loteral | | | | L
| I [
O P RS D
Manifold | L [
| I, 1, [
1 1 | 2 1,2 |3 |4 112 |2 |1
B gt e Souree A R Toree plote SR Torigated plot "

Fig. 5. System layout

The head losses due to friction of the lateral, Ahy, , are according to
next expression:

(19) Ahf . Kloc latJlatllath
lat —

lat

1000 ’

[m]

where: Kj.1q¢ coefficient reporting local head losses of the lateral, l;,; — the
lateral length, [ml; F¢,, — the Christiansen coefficient reporting the number of
outlets along the drip laterals. It could be calculated according to the formulae:

(20) F, S T AL 1892
= ’ m - ' '
Clat m+ 1 2Nelateml €2luteral

2. The pressure head by the lateral inlet, hjqt,
It can be determined as follows:

(21) hlatu = hs 4+ 0.75 Ahflat + 0.5Az2,,

where: hg — the nominal pressure head of the dripper, [m|; Az — the elevation
difference, |m|, which is positive for uphill laterals and negative for downhill
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laterals, Azy,; = sljq; s — the slope of the lateral, [% [; ljq; — the lateral length,
[m], [8], [9];

3. The pressure head by the last dripper, hjqq,-

It can be obtained by means of the next expression:

(22) higt, = higt, — Ahy,, F Azjg, [m]

where: Az — the elevation difference, |m]|.

4. The pressure head losses along the lateral, Ah;q:
They are equal to the difference between the mentioned above two lat-
eral hydraulic parameters:

(23) Ahlat - hlatu - hlatdv [m]

where: hjq, — the pressure head by the lateral inlet, [ml; hjq, — the pressure
head by the last dripper, [m].

5. Calculation of local head losses of in-line emitters according
to the formulae of Provenzano and Pumo
Local head loss due to a coaxial and an uncoaxial emitter can be ex-
pressed as a fraction of velocity head immediately downstream the emitter:
V2 Q

(24) Ahjge, = Ae=— = 0.065),

where: Ahj,, — the local head loss due to a dripper; A. — the coefficient syn-

thesizing both local loss due to the contraction and the enlargement of the flow
2

streamlines; 20 the velocity head.
g

D
Provenzano and Pumo consider A\, as a function of ratio Do where D

b

— the inside diameter of the dripline; D, — the “equivalen emitter diameter,
equal to the distance between the inner surface of the emitter and the opposite
pipe wall, which can be assumed as an independent value from the Reynolds
number.

They obtained the following empirical relationship:

D 17.825
(25) Ae = 0.056 [<F> -1/,

D
which is true if the inequality 1.00 < o< 1.20 is fulfilled [11].

e
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6. Calculation of local head losses of on-line drippers according
to the formula of Yella Reddy

Local head losses of an on-line dripper are a function of barb protrusion
area. Yella Reddy deduced such a formulae by applying regression analysis:

(26) Ahje = 1.525z1 + 8.427,

where: Ahj,., — the local head loss due to a dripper in terms of equivalent pipe
length |cm|; 21 is barb protrusion area |[mm].
To obtain equivalent hydraulic gradient J following formula is used:
s+ fe

27 J =7
(27) .

where: J is the hydaulic gradient from the formula of Darsy- Weisbach; s is the
distance between drippers; fe = hj. X 1072, fe — local head loss of a dripper,
expressed as equivalent length [12].

IV. Hydraulic calculations of the manifold

1. Head losses due to friction along the manifold
The hydraulic gradient of the manifold is calculated according to the
Hazen-Williams equation:

9] 1.852
(28) Jo,  =1.22 x 10'° (%) DAST (g
(29) Qman = Nlathazh [I/S]

where: @Qqan — the emitter discharge of the manifold; Ny, — the number of the
laterals per a plot; Jo; ~ — the hydraulic gradient of the manifold expressed
in promiles |%|. Cpan — the Hazen- William coefficient reporting manifold
smoothness, C' = 150 for plastic pipes; Dqn — the inside diameter of the drip
manifold, [ml;

(30) Ah = KZOC man J%manlman FC man [m]
f’man 1000 ,

where: Ahy, . —the head losses due to friction along the manifold, [m|; Kioc man
— the coefficient reporting local head losses of the manifold, [,,4, — the manifold
length, [m|; F,,, — the Christiansen coefficient reporting the number of outlets
along the manifold.

man
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2. The pressure head by the manifold inlet, h.,,qn,
Analogically to lateral hydraulics, the pressure head by the manifold
inlet will be according the next expression:

(31) hman, = Piat, +0.750hy, . +0.5A24n, [m]

where: hj,, — the pressure head by the lateral inlet, [n].

3. The pressure head by the last lateral, hyan,
It can also be calculated analogically by means the next formulae:

(32) hmand = hmanu - Ahfman + Azmanv [m]

4. The head losses along the manifold, Ah,,an
It is equal to the difference between the mentioned above two manifold
hydraulic parameters:

(33) Ahmcm = hmcmu - hmcmda [m]

5. Requirement for allowable pressure variations
The main requirement for allowable pressure variation has to be fulfilled
as follows:

(34) Ahgs + Ahppan < 0.2h;.

V. Hydraulic calculations of the main line. The pressure head
by the main line inlet, hpqin,

It can be calculated using the previously mentioned formulae referred
to the main line:

(35) hmainu = hmanu + Ahfmaz‘n :l: Azmain’ [m]

where: hyqn, — the pressure head by the manifold inlet, [m|; Az — the elevation
difference, |m]|.

Here, the standard value for emitter spacing must be assumed on the
forth window of the developed program (it is from 0.3 to 1.0 m for NETAFIM).
Then, we have to put the plot dimensions and the slope of lateral, manifold
and main line in the corresponding edit texts. The program calculates whole
lateral, manifold and main line hydraulics selecting dripline and emitter data
and assuming the manifold and main line inside diameters and then choosing
the system layout among the 8 cases according to Fig. 5. It compares the
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4 HydroCale Lat

[E=RIRSR >
Calculated Emitter Spacing,Se 04242 Length of the plot m | 200 Lateral slope, % -0.01 Main line slope, %. 0
Assumed Emitter Spacing, Se 64 ‘Width of the plot, m 400
Manifold slope, % 0
Emitter discharge, I/h 27
Lateral Spacing, 51 08
] - Inside Diameter, mm| Wall Thickness, mm|Emitter Discharge, /h Nom, Pressure Head, m|_Constantk | Exponentx fe
Streamline 16080 182008 0.2000 22000 10 0.7800 0.4500 06200 ~
Streamline 22080 22.2000 0.2000 1.4500 8 0.5680 0.4500 0.2800
Streamline 22080 22.2000 0.2000 2 8 0.7800 0:4500 02800
Super Typhoon 16200 15.5000 0.5000 1.8000 10 0.5960 0.4800 0.5000 != ‘
SuperTyphoon 16200 T ) YT N ||
Super Typhoon 16250 | 15.5000 06300 1.5000 10 0.5980 0.4500 05000
Super Typhaon 16250 | 15,5000 0.6300 27500 10 0.9100 0.4800 06000 -
Choise of Water Source Layout and Number of Plots
Center Water Source, Number of plots, p=4 =
Lateral Length, m Number of emitters. Lateral Discharge, Us Lateral Friction & Emitter Head Losses, m
o978
245 0.18378 0028495
Lateral Inlet Pressure Head, Lateral End Pressure Head, m  Head Losses along the Lateral, m Number of laterals/plot Laterals Lenthiplot Laterals Length for Whole Area
105104 9.5929 05175 330 32274 128096
SIS A I Manifold Length/plot, m  yanifold Discharge, Us Manifold Friction Head Losses, m Manifold Inlet Pressure Head, m Manifold End Pressure Head,m
7 99 80,8424 084309 10,9927 103498
Head Losses along the Manifold,m SumLat. & Manif. Head Losses,m Allowable Pressure Head Losses,m Number of Manifolds Manifolds Lengh for Whole Area, m
064309 1.1606 2 4 396
Wain Line Inside Diameter,mm Wain Line Length, m Main Line Discharge, s lain Line Head Losses, m ‘SystemDischarge, cub.mh Required System Pressure Head, m
110 99 50,6424 028388 2183125 L

Fig. 6. Hydraulic calculations of drip irrigation system — fourth window of the
program

values of the allowable pressure head losses along the lateral and the manifold
and these calculated by the program. The program gives the calculated value
for the system discharge and the required system pressure head as final results
important for the whole system design.

VI. Pump characteristics calculation

1. Total Dynamic Head, TDH
This characteristic is evaluated as follows:

(36) TDH = hmamu + Ahcontrol head t+ hTSH7 [m]

where: hpgin, — the pressure head by the main line inlet, [m|; Ahpsy — the
Total Static Head, [m|; Ahcontrol head 1S the pressure head losses in the control
head, which are equal to the sum of pressure head losses in the filter, Ahgyer,
these in fertilizer tank, Al jersi. tank and these in measuring and control devises

Ahmeasur.&contr. devices*

(37) Ahcontrol head — Ahﬁlter + Ahfertil. tank + Ahmeasur.&contr.devicesa [m]

(38) AhTSH = Ahsuction lift + Ahelevetion lift, [m]
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where:  Ahgyction g — the suction lift of the pump, m; Aheevation i — the
elevation lift, [m].

2. Pump Power
This pump characteristic is estimated as follows:

_ Q,TDH

KW
270y 0 KW

(39)

where: @, = Qsyst — the discharge of the system, n — the pump efficiency.

Bl PumpCalc [F=5 | EcR(=>=|

System Discharge,cub.m/h TR
Required System Pressure Head, m 11.2767

Suction Lift, m 5

Elevation Lift, m 2

Total Static Head, m ’

Head Losses in Control Head, m 10
Total Dynamic Head,m LI

. 0.7

Pump Efficiency, %

24,4967

[ Required Pump Power kw |

Fig. 7. Pump calculations of drip irrigation system — fifth window of the program

Here, the user can determine the total static head by putting the data
for suction and elevation lifts on the fifth window. One can obtain the total
dynamic head by pointing the head losses in control head and then giving the
value of pump efficiency to have the required pump power, [kW]|.
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VII. Conclusions

An interactive program is developed for the design of small scale drip
irrigation systems — up to 10 ha. It is accomplished in GUI-MATLAB and
consists of two parts: crop water requirements and hydraulic calculations of
lateral, manifold, main line and pump.

It allows the user in an interactive way to take into account all necessary
soil, crop, climatic data and the basic parameters for hydraulic calculations. It
offers a convenient way for design of small scale drip irrigation systems.
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