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Abstract

In a country like Saudi Arabia where water is premium and brackish, trickle irrigation systems
become an attractive alternative for conserving water. Usually microtubes are used as emitters in the
trickle irrigation network to deliver the same amount of water throughout the network. Microtubes have
many advantages compared to other emitters. A comprehensive methodology for the design of microtube
trickle irrigation system is, therefore needed.

A chart and nomographs have been developed for the design of microtube emitters to deliver the
same amount of discharge by all microtubes along the network. In the case of coiled microtubes, design
chart and nomographs have been modified. A computer program too has been developed for the designers
who have access to computing systems for the design of microtube emitters with and without coils.

For the design of laterals a computer program has been developed. All the lateral design cases
have been taken into consideration in the development of the program.

Considering the cost of the network, optimization techniques have been used to minimize the cost
of main, submains and pumping station while satisfying the design requirements.



Use of Microtubes in the Design of
Optimized Trickle Irrigation Network

by

Mohammed Abdel-Rahman Ibrahim

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES
KING FAHD UNIVERSITY OF PETROLEUM & MINERALS

DHAHRAN, SAUDI ARABIA

In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE
In

CIVIL ENGINEERING

January, 1989



INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be

from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced
form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality €” x 9” black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to

order.

UMI

A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor MI 48106-1346 USA
313/7614700  800/521-0600






e e e e e g e i

L]

;#ia?éiffiﬁfaffi#af-'%I#&%fi#ﬁi#ﬁf#ﬁi#fﬂéﬁéﬁ

1

USE OF MICROTUBES IN THE DESIGN OF
OPTIMIZED TRICKLE IRRIGATION NETWORK

BY

MOHAMMED ABDEL-RAHMAN IBRAHIM

A Thesis Presented to the
FACULTY OF THE COLLEGE OF GRADUATE STUDIES

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS
DHAHRAN, SAUDI ARABIA

In Partial Fuffiiment of the
Requirements for the Degree of

MASTER OF SCIENCE

In

CIVIL ENGINEERING

January 1989
-ATBRARY
KIEG FATT "YIVERSITY OF PETROLEUM & MINERALS
Phuiicn - 31251, SAUDI ABABIA -

; -r24¢ziﬁziﬁzafﬁzifiak:#:a#:nfzaff:%’éi:Iﬁ:4?2*1&4?%52%?24&4&#

E 90909008 SE9P SE 9 S O QPSSP OE S Ot SESEE S S St



UMI Number: 1381159

UMI Microform 1381159
Copyright 1997, by UMI Company. All rights reserved.

This microform editien is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103



SEEN)




KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS
DHAHRAN 31261, SAUDI ARABIA

COLLEGE OF GRADUATE STUDIES

This thesis, written by Mohammad Abdel Rahman lbrahim under the direction of

his Thesis Advisor and approved by his Thesis Committee, tias been presented to

and accepted by the Dean of the College of Graduate Studies, in partial
fulfilment of the requirements for the degree of MASTER OF SCIENCE.

Thesis mmittee

DR.

Thesls Advisor /b
{474 Re—

R HUSSAIN
Member

— N AL b —

DR. R. I. ALLAYLA

Member

TN S e

DR, RASHID I. ALLAYLA

D 7ment Chairman

ean, College of Graddate~Studies

e




Dedicated to

The soul of my father, my mother,
my wife and my son




ACKNOWLEDGEMENT

May all praise and thanks (first and last) be to ALLAH, The
Almighty, with whose gracious help it was possible to accomplish this
work.

| greatly owe my success (in more than words can express) to my
beloved mother and wife, for their patience, encouragement, and con-
tinuous prayers.

Acknowledgement is due to the Civil Engineering Department of King
Fahd University of Petroleum and Minerals (KFUPM) for its facilities and
support provided for the completion of this research.

| am deeply indebted to Dr. M. A. Ishaq, thesis committee chair-
man, for his frequent attention, advice, and guidance. My thanks and
appreciations extend to Dr. T. Hussain, thesis coadvisor, for his
valuable assistance and suggestions during this study.

Also, thanks are due to the Chairman of Civil Engineering DNepart-
ment Dr. R. Allyla, committee member, for his support, guidance, and
help.

| would like to express my sincere thanks to my exadvisor Dr. M.
Mohsen for his support during this course of study. Also | would like
to thank Dr. M. Zeid who give me the idea for the start of such work
and help during this research.

| am grateful to Civil Engineering staff members for their coopera-
tion and help through the course of the study, the Central Library for
supplying the needed information, and the Data Processing Center
(DPC) for their help with the computer facilities.

Last, but for sure not least, | am sincerely grateful to all my col-
leagues and friends who have surrounded me with an Islamic atmosphere
during my pleasant stay in Dhahran, Saudi Arabia.



TABLE OF CONTENTS

Chapter Page
ACKNOWLEDGEMENT ..........coovneeinnnnn.... e, i
LIST OF TABLES ... i i i ittt ittt e e i ireeaanens
LIST OF FIGURES ... i i i i i ettt eaanaan vi
ABS T RACT Lot i i i ettt ettt e e

1. INTRODUCTION . . it ittt ettt et c et eaeieens 2

1.1 Trickle irrigation ........ ... . i i, 2
1.2 Benefits of trickle irrigation ............ ... ... ... . ...... 3
1.3 problem statement........... ... ... .. ... ... 5
1.4 Need for the proposed study.............cciiiiiiiinen... 6
1.5 The objective of the study.............. ... ... ... ........ 7
1.6 Proposed procedure. ........covviniiiniit e i, 8
2. LITERATURE REVIEW ... .ot i et cieiie e 1
2.1 Microtube emiter ....... ... ... i e 18
2. 2 lateral oo e e e e, 15
2.3 Main and Submains......... ...ttt i e 21

3. DESIGN OF MICROTUBES. ......iiiii ittt i iecieee s 23
3.1 Introduction ... ..o i e 23
3.2 Chart Development...........ccoiiiiiiiii ittt 26

3.3 Complimentary Chart Development......................... 27
3.3.1 Scope of Nomography ............ ... v, 27
3.3.2 The f/d-Nomograph ...........cciiiiiiiiiniinn.n. 33



3.3.3 The V-Nomograph .............iiiiii ..
3.3.4 The 9 - Nomograph .........c.oiiiiiiiinennennnnn.
3.3.5 Temperature Variation.............coiviininann.

3.4 Nomographs Development............. ... ... ...
3.5 Microtube Length Determination Using the Chart and
(e, T [T = o TP

3.6 Modified Design Chart ........ ...t iiiiiiienennnnn.
3.6.1 Required Microtube Length.........................
3.6.2 The y' - Nomograph..........cciiiiiiiiiinnnennnn.
3.6.3 Microtube Length - Number of Coils Relationship ...
3.6.4 Head Loss Due to Coiling - Number of Coils Rela-

tionsShip. . oo e e
3.6.5 The y — 8 Relationship ............. ... ...,

3.7 Modified Chart and Nomographs Development ..............

3.8 Microtube Lengths Using the Modified Design Chart and

Nomographs ... .o i i i i i e e
3.9 Microtube Lengths Using Computer Programming...........
3.9.1 Microtube Design Without Coils .....................
3.9.2 Microtube Design With Coils ........................
3.10 Microtubes Experimental Verification......................
3.10.1 Experimental Set-up.......... ... .. .. i i,
3.10.2 Procedure. ........viiiiii ittt it
3.10.3 Experimental Results ..............c.c i,
3.11 Sensitivity Analysis........ ... .ol

DESIGN OF LATERAL WITH MULT!I MICROTUBES USING
COMPUTER PROGRAMMING. ... .....coiiiiiiii it

4.1 Introduction ..ottt e e e e e e e

4.2 Lateral Design Criteria.........coviiiinniieiennennnnns
A T - - PP
4.2.2 Case oot i e e e e e e
4.2.3 Case Ml o oiriiiiiir it ittt sttt aanns

4.3 Basic Subroutines Needed for the Programmed Lateral
T3 T [ T



4.3.1 Subroutine for Lateral Friction Coefficient (FRIC). 99
4.3.2 Subroutine Total Head Distribution Along the

Lateral (HEDIS) ... iiviiii ittt eeenen 101
4.3.3 Subroutine for Minimum Total Head From the
Required Microtube length (MIM1)................ 102
4.3.4 Subroutine for Minimum Value of a Set of Values
OXXMIN oo e et e e ettt e i 102
4.3.5 Subroutine for Maximum Value of a Set of Values
XXMAX ) ot i e e et e 103
4.3.6 Subroutine for Adjusting the Total Head Distri-
bution (ADJ) ..ottt i e e e et 103
4.4 Applications on Laterals using the Developed Computer
Program ... .. i e e i e 104
4.4.1 Applications on Case 1 ......... ..ot 104
4.4.2 Applications on Case 2........ccviiiiiiinnnnnennn 104
4.4.3 Applications on Case 3 .......... ... ... 105
4.5 Lateral Experimental Verification ......................... 106
4.5.1 Experimental Set-up............. PN 106
4.5.2 Procedure. . .o.oi ittt e e e e e 106
4.5.3 Experimental Results ...........c. i innn... 108

5. DESIGN OF MAIN AND SUBMAINS USING LINEAR

PROGRAMMING ... . it ittt ittt e et eeiannen 113
5.1 General Background...... ... .. i, 113
5.1.1 Operation Research..............c.ciiiiiiiiiinnnnnn. 113
5.1.2 Zero-one implicit enumeration....................... 114

5.1.3 Optimum design of a pipe with constant discharge .. 115

5.2 Optimum Pipes Network .......... ...t iiiiiienennann. 119
5.2.1 Objective function.......... ... i, 122
9.2.2 Constraints ........iiitiiiiii i it 125

5.3 Application of the Design of Main and Submains Using

Computer Programming .......... ..o, 129
5.3.1 Problem Formulation ............... ... o i, 132
6. SUMMARY AND CONCLUSION ...ttt 138
REFERENCES . ... o it i i i i it ittt c e e 139
APPEND X A e e 145



LIST OF TABLES

Tables Page
3.1 Critical values of discharges for different microtube diame-

L (- of S 36
3.2 Temperature correction factor by FAO ............ ... ... ... ... 44
3.3 The amount of water in liters measured in 2 minutes for (3.0

mm) microtube diameters............. i e 73
3.4 The amount of water in liters measured in 2 minutes for (3.8

mm) microtube diameters........c.oit i e 73
3.5 The experimental discharge for (3.0 mm) microtube diameters .. 74
3.6 The experimental discharge for (3.8 mm) microtube diameters .. 74
3.7 The calculated discharge for (3.0 mm) microtube diameters..... 77
3.8 The calculated discharge for (3.8 mm) microtube diameters..... 77
4.1 The experimental values of the operating head and the micro-

tube discharges for (3.0 mm) microtube diameters ............ 109
4.2 The experimental values of the operating head and the micro-

tube discharges for (3.8 mm) microtube diameters ............ 110
4.2 Values of J /.. for submains pipe segments .................... 130
4.3 Values of J /.. for main pipe segments ............. ... .. ..... 130



Figure

1.1

W W NN NN
dWON = A WN e

W 00 N oo wm

.11a
.11b
12
.13
.14

W W W W W W W W W W W W W W
-
o

.15

LIST OF FIGURES

Page
Trickle system schematic .............. ... ... iiiiiiiininn.. 4
Emiter flow characteristic................ ... ... . il 12
Energy and hydraulic grade lines for microtubes ............. 14
Microtube design chart by Khatri............................. 17
Microtube design chart by FAO............. ... ... ........... 19
Coils Around Themselves ................ccciiiiieiniinnna.. 24
Coils Around the Lateral ......... ... ... .. ... .. i, 25
Design Chart.......... ... ... ... ....... I 28
Different Scales ....... ... .. 30
Nomograph Notations ............ ... .. . ... 32
f/d - Nomograph in Case of Laminar Flow .................... 35
f/d - Nomograph ... 39
V - Nomograph. .....coiiiiiiiin ittt i 42
0 - Nomograph ..ot e e e e 45
Design Nomographs......... ...ttt 47
Design Chart Steps ...ttt 49
Nomographs Design Steps .........cviiiiiininnnnan.. 50
Yy - Nomograph ... .o i i 54
Microtube Length - Number of Coils Relationship ............. 56
Number of Coils -~ Head Loss Relationship .................... 58
Head Loss - Operating Head Relationship ..................... 60

vi



W W W W W w

LS N

.16
A7
.18a
.18b
.19
.20

.21

.10
11
12

13

Modified Design Chart..... .. ... ... i,
Modified Design Nomographs......... .. ...,
Modified Nomographs Design Steps.............. ... .ciiiiat.
Modified Design Chart Steps...........c.ciiiiiiiiiiiiinn,
Microtube Experimental Set-up........ ... . it

Experimental and Calculated Discharge for (3.0 mm) micro-
tube diameter ... ... . e et

Experimental and Calculated Discharge for (3.8 mm) micro-
tube diameter .. .oi i e e ettt

The Three Lateral Design Cases......... ... ciiiiiiiiinnn.
Macro Chart for Case [........c. ittt

Minimum Total Head at the Lateral End in the case of Hori-
zontal Slope. ..o e et e

Minimum Total Head at the Lateral End in the case of
Upward Slope . oottt et e et e e

Minimum Total Head at the Lateral Entrance in the case of
Downward Slope........ciiiitiiininneennanns e e

Minimum Total Head at the Lateral End in the case of Down-
Ward SlopPe. ...t i e e et e

Minimum Total Head Between the Lateral Ends in the case of
Downward Slope. ... ..ot ettt ittt

Assumed and Required Total Head Distribution Along the
Lateral . ... o i e e e e

Macro Chart for Case ll... ittt ie i iiiinnenannnns
Macro Chart for Case Il ... .o it i i e e i e e
Lateral Experimental Set-up ....... ... ... . i i il

Experimental Values of the Microtube Discharge for (3.0
mm) Microtube diameter ........ ... .. .. il

Experimental Values of the Microtube Discharge for (3.8
mm) Microtube diameter .......... .. ... .. i i il

vii



5.1
5.2
5.3
5.4
5.5

> > > > > >
Y

>

.4b

.5a
.5b
.6a

> > > >

.6b

A.8a

A.8b

A.9

Pipe Segments and Total Energy Line........................
Layout of Main and Submains Network ...................ot
Typical Shape of of Q - H Relationship for a Pump..........
Network Notations....... ... ... ... . i,
Nodes and Pipe Notations............ ..ot nnnennn.

Flow Chart for Friction Coefficent in Laminar and Trurbu-
et FlOWS . c ittt it e e et e et ettt et e e

Subroutine for Friction Coefficent Determination .............
Flow Chart for Microtube Length Without Coils...............
Subroutine for Microtube Length Without Coils Determination.
Flow Chart for Microtube Length with Coils..................
Subroutine for Microtube Length with Coils Determination....

Flow Chart for the Total Head Distribution Along the Lat-
Y o |

Subroutine for the Total Head Distribution Along the........
Lateral Determination

Flow Chart for Minimum Required Total Head ................
Subroutine for Minimum Required Total Head Determination .
Flow Chart for Minimum Value of a Set of Values ............

Subroutine for Minimum Value of a Set of Values ............
Determination

Flow Chart for Maximum Value of a Set of Values............
Determination

Subroutine for Maximum Value of a Set of Values ............

Flow Chart for Adjusting The Total Head Distribution Along
the Lateral..... ...ttt i e e i ei e

Subroutine for Adjusting The Total Head Distribution Along
the Lateral ... ... oo e e e

The Computer Program for Lateral Design ...................

viii



A.10 Application on Case | ... . ittt e 171
A.T1  Application on Case | ... oottt et 172
A.12 Application on Case Il......... ittt 175
A.13 Application on Case Ill..........oiii it iiiiiinnennnnn 176
A.14a Linear Programming Formulation ............................. 176
A.14b Linear Programming Computer Output........................ 181



THESIS ABSTRACT

Name of Student : MOHAMMED ABDEL-RAHMAN IBRAHIM

Title of Study : USE OF MICROTUBES IN THE DESIGN OF
OPTIMIZED TRICKLE IRRIGATION NETWORK
Major Field : CIVIL ENGINEERING
Date of Degree : JANUARY 1989
ABSTRACT

In a country like Saudi Arabia where water is premium and brack-
ish, trickle irrigation systems become an attractive alternative for con-
serving water. Usually microtubes are used as emiters in the trickle
irrigation network to deliver the same amount of water throughout the
network. Microtubes have many advantages compared to other emiters.
A comprehensive methodology for the design of microtube trickle irriga-
tion system is, therefore needed.

A chart and nomographs have been developed for the design of
microtube emiters to deliver the same amount of discharge by all micro-
tubes along the network. In the case of coiled microtubes, design
chart and nomographs have been modified. A computer program too has
been developed for the designers who have access to computing systems
for the design of microtube emiters with and without coils.
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CHAPTER 1

INTRODUCTION

1.1 TRICKLE IRRIGATION

The use of trickle (or drip) irrigation has become one of the most
popular systems of irrigation, especially in areas where water is
premium. Trickle irrigation is the application of water to agricultural
soils by means of emiters (dripers) to cause wetting of only the part of

the soil at the base of the plant (the plant root zone) (1,2).

Normally the system possesses a fertilizer injection system supplying
plants with needed nutrients. A filter is used in the system to remove
suspended materials, organic matter, sand and clay reducing blockage
of the emiters. Along with pumping station; control valves, measuring
devices and pressure controls are generally installed to the system

providing it with needed pressure heads (1,2,3,4).

Emiters are the plants’ point sources of water and they should be
designed to provide small and equal amounts of discharges, thus
nearing the consumptive use of plants. Emiters are of many kinds such

as microtubes, orifices, nozzles, porous pipes, etc. (1,5).

Emiters receive water from the laterals, which are usually made of
plastic tubing ranging in diameter from 12.0 mm to 32.0 mm. Laterals

with only one diameter of tubing are normally recommended to simplify
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installation and maintenance; and provide better flushing characteristics

1,2,6).

Trickle irrigation system features laterals that extend from either
one or both sides of the submain. Submain is either of medium density
polyethylene (PE) or rigid PVC (polyvinyl chloride) ranging in diameter
from 20.0 mm to 80.0 mm (1,7).

The mainline connects different submains to the water source. It is
fabricated using stiffer materials as asbestos cement, rigid PVC or
galvanized steel. The mainline diameter is usually of 50.0 mm and above
(1,8). Figure 1.1 shows an example of a trickle irrigation pipe system

network which consists of laterals, submains and main.
1.2 BENEFITS OF TRICKLE IRRIGATION

Trickle irrigation system could be considered as one of the most
water saving systems , thus makes it an ideal one for areas with limited
water. This system is also beneficial in temperate areas where other
irrigation systems increase the amount of water loss by evaporation
and/or deep percolation. The system has also the advantages of high

water application efficiencies and savings (1,4,5).

Previous experience reveals that trickle irrigation gives greater crop
yields and better qualities specially for those crops that contain
considerable amount of moisture when harvested, and those having

widely widely spaced plants (9,10,11,12,13).
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It is easy to manage a farm by using trickle irrigation system
because many operations such as springing, harvesting, pruning, etc.

can be performed at the same time (1,14).

Sprinkler irrigation is recommended for heavy soils and surface
irrigation is recommended for light soils. Unlike sprinkler irrigation
and surface irrigation, trickle irrigation can be used for both light and

heavy soils (1).

Use of saline water is not recommended in sprinkler irrigation which
causes leaf burn. However, saline water can be applied in trickle
irrigation systems. Saline water should be applied with caution because
salts may cause emiter clogging and requires frequent soil leaching to

prevent salt accumulation in the soil (1).

1.3 PROBLEM STATEMENT

Blocking or clogging of emiters has for a long time been the
obstacle in the development of trickle irrigation. Clogging occurs
mainly due to passage of water through the very fine pores of the
driper. The delivered water always contains suspended particles, salts
and/or dissolved fertilizers, which creates severe maintenance problems
that require tedious effort and skilled man-power. This is specially true
in countries like Saudi Arabia where man-power is expensive and water
is brackish. [In addition to emiter clogging, uneven emiter flow is

another major problem. This is because emiter flow changes as the



acting pressure head changes (14,15,16,17).

Also the procedures for the design of main and submains pipe
network have been developed based on trial and error methods in which
the designer selects pipes' diameters and checks whether the required
pressure heads can be achieved. These trial and error methods do not

guarantee that the design minimizes the total cost of the network

(7,8,18).

1.4 NEED FOR THE PROPOSED STUDY

Microtubes have been successfully used as emiters in trickle
irrigation systems with the advantages of having the same discharge at
all openings along the lateral and its susceptibility to clogging is

insignificant (1,19).

Microtube design Charts that are currently available have a number
of draw-backs. These draw-backs are discussed in details later.
Literature survey shows that improved design Charts and Nomographs

are needed.

To be flexible in lateral design, a procedure is developed to
determine the parameters governing the design. These parameters are:
- operating head at the entrance of the lateral;
- emiter discharge and

- lateral diameter.



-7 -

Furthermore; the procedure should consider microtube diameter,
spacing of microtubes and land slope. To account for a multitude of
combinations, it is apparent that a computer program is ideal for lateral
design. Such a computer program will have the advantages of being

accurate and fast.

It would be a very tedious task to design a pipe main and submains
network based on economic considerations. It may need thousands of
trials to obtain the most economic design. To ease the burden while
still achieving an optimum solution, an optimization model can be set up

and then be solved by means of a computer (4).

1.5 THE OBJECTIVE OF THE STUDY

The main purpose of this study is to device a procedure to minimize
the total expenses of construction and installation of a trickle irrigation
network while restoring the uniform distribution and plant water
requirements. This goal is satisfied throughout the design of each

component of the network.

Thus the specific objective of this study will be

1. To develop a design procedure to determine the appropriate
microtube lengths. This will include:
a - development of a design Chart and Nomographs; and

b - development of a computer program.
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2. Development of a computer program for the design of the lateral for
three cases, where one determines:
I : the required lateral diameter given the discharge and
operating head at the lateral entrance;
Il : the required operating head at the lateral entrance given
the discharge and the lateral diameter; and
Il : the required discharge given the operating head at the

lateral entrance and the lateral diameter

In addition to the above, the computer results will be experimently
verified and the sensitivity of the system to various variables will be

investigated.

3. Development of an optimum model for the design of main, submains

and pumping station.

1.6 PROPOSED PROCEDURE

1 - Development of a design procedure to determine microtube lengths

Microtube lengths should be adjusted with the acting head at its
inlet to deliver the same amount of discharges for all microtubes. Two
design procedure will be developed for calculating the microtube length

as follows:



a - Development of a Design Chart and Nomographs

Most designers may not have access to a computing system.
Thereby, it is desired to develop simple Charts and Nomographs which
may be used by designers to compute microtube lengths. The draw-
backs in the previously developed design Charts are tried to be

avoided.

b - Development of a computer program

For the designer who has access to a computing system; a computer
program will be developed to determine the microtube lengths knowing

the pressure head distribution along the lateral.

2 - Development of a computer program for lateral design

To make a complete design of microtubes, the head distribution
along the lateral should be known which is a function of a number of
variables (land slope, spacings between microtubes, microtube
diameters, the discharge, lateral diameter and pressure head along the

lateral).

In all, the following three design cases may arise :

Case | : determine lateral diameter assuming known discharge and
total head at the lateral entrance.
Case I : determine the total head at the lateral entrance assuming

known discharge and lateral diameter.
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Case IIl : determine discharge assuming known total head at the

lateral entrance and lateral diameter.

i- Experimental verifications

it is aimed to verify the correctness of the microtube design
procedure by applying different pressure heads at the microtube inlet
and measure the corresponding outlet discharges. [t is also aimed to
simulate field conditions in the laboratory by connecting microtubes to a
lateral. Flows and pressure heads at the lateral inlet will be measured,
this will verify correctness of the computer program for the lateral

design.

ii- The system sensitivity

Since the system of equations have too many variables, it will be
useful to know which variables are most important. This; while
eliminating some variables that have minimal effects; will also help in

operation and management of the system to take corrective measures.

3 - Optimum diameters of main and submains

It is proposed to use an optimization model to formulate the main
and submains network design as a cost minimization problem with design
requirements as constraints. Not only the cost due to change in
diameters will be taken into consideration but the pump cost will also be

considered.
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CHAPTER 2

LITERATURE REVIEW

2.1 MICROTUBE EMITER

"During the last decade numerous trickle irrigation emiters with
widely varying characteristics have become available. Some emiters are
"pressure compensating” and others are not. Some emiters are self-
cleaning or "flushing" and others clog easily and need sophisticated
filtration. Some emiters are relatively expensive and some are very
cheap" (20). Solomon (21), Karmeli and Keller (22) and Karmeli (23)

list the desired qualities of a trickle emiter (24).

Most trickle emiter characteristics can be represented in the emiting

flow regime by an exponential curve shown in Figure 2.1 of the form

(20).

q = ¢ H® 2.1
where
q = flow rate
H = operating total head

x = emiter exponent
c = a constant dependent on the emiter type and the units for

q and H

Equation (2.1) shows that the outlet discharge is a function of the



Flgure (24) Emitter Flow Characteristc
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operating total head. It can be easily seen that a high variation in total
head causes non-uniform distribution of water flow. Most design

recommendations do not allow more than 20% head variation (4).

"The simplest, cheapest, and forerunner of all the distributors is
the microtube, which is a small bore black polyethylene tube of
approximately 0.6 mm to 4.0 mm interna! diameter. The discharge from a
microtube varies according to the operating head, internal diameter,
and length. In other words, for a given internal diameter the discharge
of a microtube may be kept constant under various head conditions by
adjusting its length. So, if the head distribution along a lateral is
known, uniform distribution of water can be obtained by choosing the

appropriate length of the microtube” (1).

In microtubes, the symbol (Hm) is given for minor head lusses, while
Khatri, defined (Hm) to include the velocity head and the minor losses
due to the entrance and fitting (19).

The relationship between the total head at the inlet of the microtube

(H) and the head losses through the microtube, shown in Figure 2.2,

can be expressed by Equation (2.2) (19).

H = H + Hm (2.2)

where

H = total pressure head in the lateral at the microtube inlet
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Hf = friction head loss

Hm = velocity head and minor losses

Laboratory experiments done by Khatri showed that Darcy-Weisbach
equation can be used to represent total head drops for microtubes. This
agrees with the research results by Paraqueima (25), and by Watters
and Keller (26) for larger trickle irrigation tubing (4.0 mm - 16.0 mm).
Khatri concluded that the friction head in Darcy-Weisbach is replaced
by the total head where the minor losses are not separated. Darcy-

Weisbach equation is expressed in by the following equation (27):

H = % (2.3)
where
H = operating total head
L = microtube length
v = flow velocity

Khatri also showed that the relationship between the friction
coefficient and the Reynolds' number represents hydraulically smooth
pipe, whereas Blasius equation can be used to determine the friction
coefficient in turbulent flow. Blasius equation is represented by the

following equation:

_0.316
f= r0-25 (2.4)
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where

f = friction coefficient

R = Reynolds' number
The Reynolds' number is expressed in the form of water discharge

by the following equation:

R = n4dqv (2.5)
where

q = microtube discharge

d = microtube diameter

v = kinematic viscosity

Khatri, also showed that the straight line (for laminar flow in Moody
diagram) can be used to determine the friction coefficient in laminar

flow situation. Laminar flow straight line is expressed by the following

equation (19,27):
&4 (2.6)

£ =52

R

Based on his laboratory experiment, Khatri (19) deviced a design

Chart for microtube design. Figure 2.3 shows this design Chart for all

types of flow. This Chart has some draw backs which are:
- it was developed based on experimental formulae. These

formulae may not be applicable for all types of microtubes;

- they need additional calculations and
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- they are not applicable to include extra head loss.

FAO (1) published a group of design Charts for different microtube
diameters for microtube design. Figure 2.4 shows one of these design
Charts at a discharge of 4 I/h. These design Charts have the following
draw backs:

- they need additional calculations;
- they are not applicable to include extra head loss; and
- large number of charts for different discharges make it

difficult for searching and handling.
2.2 LATERAL

Many design procedures have been developed and practiced for the
design of trickle irrigation laterals. Laterals are designed to deliver a
reasonable uniform water distribution. The distribution uniformity of

irrigation water is expressed by Christiansen uniformity coefficient (Uc)

(4,6). Christiansen uniformity coefficient is calculated from the

following equation:

_ A
U, =100 ( 1 —VX ) 2.7

where

U.= uniformity coefficient.

Ay= Mean deviation of y.

Y= mean of the deptii of irrigation water.
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Based on Christiansen's uniformity coefficient, many design
procedures have been developed, e.g. Bin-Ami and Diskin (28), Keller

(29), Alperovitz and Shamir (30).

Also based on Christiansen's uniformity coefficient, many design
Charts have been developed for lateral design. "Polyplot” was one of
the earliest methods that have been developed in Australia for the

design of laterals (31).

Wu and Gitlin (32) deviced design Charts that can be used to solve
for sloping laterals and submains. Wu also introduced a convenient
design calculator, which can be used if the length of the multiple

outlet, the discharge, the pressure head and the slope are known.

Karmeli and Peri (33) developed a design procedure for the design
of laterals by calculating the pressure head at each outlet backward
from the downstream node by subtracting the frictional head loss and

the change in elevation from the pressure head of the downstream node.

Roland Perold (34) has developed using pocket calculator an
iterative procedure for solving the constant diameter constant slope
case. This computer program was developed by means of which the
graphical design process for the design of pipe systems can be

automated.

Pelban and Amir (35) developed the Lateral Design Procedure (LDP)

using a computer program, which calculates four cases differing from
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each other by their variables and input. The four cases to be solved

by (LDP) are:

1 - discharge and pressure distribution along the lateral;

2 - pressure at inflow node + Case 1;

3 - lateral diameter + Case 2; and

4 - maximum permissible number of outlets on the lateral + Case 2.

LDP Expresses the lateral as a set of non-linear equations to be
solved by Newton-Raphson method. This method arrives at the solution
by iterations in the following algorithm:

1 - determining an initial approximation of the variable;

2 - correcting the current solution by solving the set of

simultaneous linear equations.

The average CPU time for solving the most complicated case by LDP
computer program is approximately 1 min. The LDP procedure is limited

to a lateral of 30 outlets at the most.

2.3 MAIN AND SUBMAINS

Most trickle irrigation laterals and submains were designed for a
single pipe size. The energy gradient line has been derived and
presented by an experimental curve that is used as a basis for
designing laterals and submains. However, under certain field .
conditions, the length of laterals and submains may be relatively lorg

and have nonuniform slopes. The relation laterals and submains design
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may use a series of different pipe sizes (36,37,38).

Most of the design procedures developed for lateral design were
used in the design of main and submains. The designers were using
trial and error method to determine the best water profile for the pipe

satisfying the design recommendation (4,18).

Wu and Gitlin (39) have shown that a submain can be divided into
several sections and varying in sizes. For each section, the energy
grade line is very close to a straight line. The study has shown that
when the submain is divided into sections, the mean discharge of each
can be used to estimate the total energy drop by friction. This
characteristic enable the designer to design submain sections by using

simple nomograph.

Benami (4) presented an optimum design of a pipe using linear
programming. The objective is to minimize the pipe cost and the
constraints are to keep the pressure head within certain limits.
However, the model minimizes the cost of the single pipe; but it does

not consider the optimality of the system as a whole.

Pleban, Shachan and Loftis (18) developed a design procedure using
optimization techniques to minimize the capital cost of multi-outlet
pipelines which are composed of more than one diameter. The
optimization technique suggested is the Lagrange Multipliers method to

solve a system of non-linear equations.
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CHAPTER (3)

DESIGN OF MICROTUBES

3.1 INTRODUCTION

Microtubes are still widely and satisfactorily used in many countries.
They are particularly suitable for undulating and hilly fields, where
high variation in heads along the lateral varies according to the

difference in elevation (1).

Microtubes may be coiled to increase the head loss, decrease their
lengths, and provide better fixation. Microtubes may be coiled around
themselves or around the lateral as shown in Figures (3.1 & 3.2)
respectively. Microtubes have several advantages which may be

summarized as follows:

They are dramatically less expensive.

They have the same discharge at all openings along the lateral
(if designed properly) even when there is high variation in

the operating heads.

Water quality does not cause clogging or salt accumulation

problems as opposed to other emiters.

They require little maintenance.

They are simple and flexible which makes it easy to deal with

and adopt to different site conditions.
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Figure (3.4) Ccils Arcund Thamsslves
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The discharges through all microtubes are aimed to be equal, but
since the operating head at the microtubes inlets are not constant, it is
necessary to adjust the lengths to increase the head loss due to friction

in order to obtain equal outlet velocity heads (H,), and hence outiet

discharges.
3.2 CHART DEVELOPMENT

2

The term 2vg, is defined as the velocity head which is expressed

by (Hv). Substituting the wvalue (Hv) in Equation (2.3) we get the

following equation:

H=flé-H (3.1)

v

The total head and the head losses will be expressed as heads per
unit velocity head to build a suitable design Chart. Rearranging

Equation (3.1),we will get the following equation:

H _ 1L (3.2)

Denoting H by (0), which is the operating total head at the

Hy

microtube inlet per unit velocity head, Equation (3.2) becomes:
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Equation (3.3) expresses a straight line between (0) and (L) axes,
where (f/d) is the slope and it passes through the origin. Figure 3.3

shows the relationship between (0) and (L) for different values of
(f/d).

By using the previous hydraulic relationship, one can determine the
microtube length for a given total head in the lateral at the microtube

inlet, by knowing the following parameters:

a - flow velocity;

b - friction coefficient;

¢ - microtube diameter; and
d - operating head.

3.3 COMPLIMENTARY CHART DEVELOPMENT

Although the use of the Chart is simple, some additional calculations
are needed to determine the value of (f/d) and (0). Therefore,

Nomographs are made to obtain (f/d) and (0) without any additional

calculations.
3.3.1 Scope of Nomography

A Nomograph, in the simplest and most common form, is a Chart on
which one can draw a straight line that intersects three scales in values

that satisfy an equation or a given set af conditions (40).
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"The most frequent scales used are uniform and logarithmic scales.
Uniform scales are those on which the spaces between division marks
are constant. Logarithmic scales are those on which the spaces between
division marks are not constant but vary according to the logarithms of

the number that are represented on the scale" (41).

For all scales, the distance is a function of the variable x, which

means that scales may express in a form of equations such as:

Uniform distance = x
Logarithmic distance = log (x)
Square distance = x2
cube distance = x°

Figure 3.4 shows different scales on which the distances are

proportional to the type of the scale.

“Scale modulus (m) is a factor similar to the "mapping factor" or the
scale of a map, which is used to fit the scale with the equation. For

example, if a scale in centimeter has to be expressed by X in inches, a

scale number (m) of 2—15‘-1- fits the actual scale” (40).
distance = 1 X
2.54

Consider the general equation in which one function is equal to the

sum of two others,
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f, (u) + £, (v) = f, (W)

(u) and (v) are plotted with the appropriate scale moduli to make
the scales fit the paper as shown in Figure 3.5.

u - scale : x = m, 1’1 (u)

v-scale: y=m, f, (v
The w-scale will be plotted from
z =m, f3 (w)

where

m, = — (3.4)

Denote the distance between u-scale and w-scale as (a) and denote
the distance between v-scale and w-scale as (b)

ml
2 -t (3.5)
mz

Multiplication and division problem can be changed to addition and

subtraction problems by taking the logarithm, for example;

will be

logb + 3logd = log L + log 12
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3.3.2 The f/d-Nomograph

According to Equations (2.4), (2.5) and (2.6) the outlet discharge
(q) and the microtube diameter (d) should be known to determine
(f/d). This is however, dependent on the type of the flow (laminar or

turbulent) that is governed by Reynolds' number (R).
a - The case of laminar flow ( R < 2100 )

The Reynolds’ number and the friction coefficient in the case of

laminar flow were expressed by Equations (2.5) and (2.6) as follows:

S

R=—2 (2.5)
_ 64

f= 2 (2.6)

Substitute the value of (R) from Equation (2.5) in Equation (2.6)

we get the following equation:

f = 6447t d v = 50.27 d v
f _ v
g 50.27 a

2
In metric units v = 10_6 mT ( at a temperature of 20°C)

£ _ 50.27 * 1075 * 1000 * 3600 (i/h)

d q

f _ 180.96

i p- (3.6)
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where

= discharge in (I/h)

a aQa
! !

= microtube diameter (m)

(f/d) can be expressed at the same q-Nomograph by dividing 180.96
by (q) Figure 3.6 shows f/d-Nomograph on the same qgq-Nomograph in

the case of laminar flow.

The use of g-scale is limited for laminar flows, where (R) is less

than 2100. The critical discharge CH) corresponding to a value of (R)

equals to 2100 should be determined for different microtube diameters.

These values of q, are the maximum limits for using gq-scale to

determine (f/d) for laminar flow.

Equation (2.5) could be reformulated as follows

q=%ndv

At the critical discharge (qc), the value of the Reynolds’ number

will be equal to 2100 and v equals to 1078 m3/s at 20°C.

— 2100
qc——4—ndv

v = 10-6 m?/s

_ 2100 4 % 4 % 106 & 1000 * 3600 (1/h)
9 2 m*d*10 1000 (mm)
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q 5.938 d 3.7)

where

q. = discharge in (I/h)

d = microtube diameter (mm)

The critical values of discharge for different microtube diameters

are shown in Table 3.1.

diameter (mm) discharge (1/h)
4.0 23.75
3.0 17.81
2.5 14.84
2.0 11.88
1.5 8.91
1.0 5.94
0.6 3.56

Table 3.1 Critical Values of Discharges for Different Microtube

Diameters.
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b - The case of turbulent flow ( R > 2100 )

The Reynolds' number and the friction coefficient in the case of

turbulent flow were expressed earlier by Equations (2.4) and (2.5) as

follows:
0.316
¢ = 0.316 2.4)
20.25
- 44
R - 44 (2.5)
R= 4 * q (I/h)
nd (m) * 107 * 1000 * 3600
- q (I/h)
R = 0.354 LU0 (3.8)

Substitute the value of the Reynolds’ number (R) from Equation
(3.8) in Equation (2.3)

‘- 0.316
Q025
0.3543)
_0.41 &% (m)
R (3.9)
q " (I/h)
f 0.41
f___ 04 (3.10)
d = PBo%5

Taking the logarithm and multiply by minus sign both sides of
Equation (3.10)

~ log % = 0.75log d + 0.25 log q + 0.387 (3.11)
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Assume 0.25 m = 8

m, = 32
Assume 0.75 m, = 8
m, = 10.67
m 32 * 10.67 8

3~ 37 + 10.67

Assume the distance between q-Nomograph and d-Nomograph equals
to 8 cm, the distance between q-Nomograph and f/d-Nomograph is (a)

and the distance between f/d-Nomograph and d-Nomograph is (b).

= 32 @ xqa _
A= 331067 o= 6cm

= 1067 .o _
b= 337708 “8-2cm

Figure 3.7 shows f/d-Nomograph in case of laminar and turbulent

flows.

Note : Although the values of the microtube diameters are expressed

in meters, it is better to express them in millimeters on the d-

Nomograph for easier use.

3.3.3 The V-Nomograph

The velocity of flow (v) can be expressed as a function of the

discharge (q) and the microtube diameter (d). This relation can be

formulated as follows:
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v=249 (3.12)
n da
v = 4 q (I/h)
n d2 * 1000 * 3600 (m)
v = 03544 (I/h) (3.13)
d? {mm)

Taking the logarithm for both sides of Equation (3.13)

log v = log 3.54 * 107 + logq — 2log d
logd = — 6.451 + % log q - % log v (3.14)
for d - scale : m, = 8
for q - scale : m*l=8
1 2
m = 16
16 * m,
16 + m -8
2
m_ = 16 (for v-Nomograph)
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Assume the distance between v-Nomograph and d-Nomograph is (b).

The distance (a) between q-Nomograph and d-Nomograph has been

determined before equals 8 cm.

%
ll'l2 a

b =
ml

_16*8
b 16

= 8 cm
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Figure 3.8 shows v-Nomograph combined with gq-Nomograph and d-

Nomograph.
3.3.4 The (0)-Nomograph

The operating head per unit velocity head (0) has been defined

earlier as 1—92—'1 .
v

g = 29H
2
v

log0 =log2g + logH - 2log v

log 0 = 1.293 + log H — 2 log v (3.15)

For v-Nomograph: 2 m, = * 16

1
2

Assume m, = 14 (for H-Nomograph)

- 14*4 _
m, = T4+ 74 3.1
Assuming the distance between 0 - Nomograph and v-Nomograph

equals to 2 cm and the distance between H-Nomograph and v-Nomograph

is (x)

2 _ x
m1 mz
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Therefore the distance between H-Nomograph and v-Nomograph

equals to 7.00 cm.

Figure 3.9 shows 8 -Nomograph combined with q-Nomograph and H-

Nomograph.
3.3.5 Temperature Variation

FAO (1) published a Table representing the effect of temperature on
the microtube discharge. Table (3.2) shows this Table, where
correction factors should be mulitiplied by the designed discharge to

determine the actual discharges at different temperatures.

A temperature of (20°C) was chosen as a design temperature in the

development of the design Chart and Nomographs. I[f the actual site

temperature is different than (20°C) the required discharge should be
divided by a correction factor from Table (3.2). A new discharge will
be obtained to be used in the design Nomographs to get the required

actual discharge.

3.4 NOMOGRAPHS DEVELOPMENT

The required values of % and (0) can be determined by using the
previous Nomographs. Collecting the Nomographs in one Chart will make

the determination much easier.
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Figure 3.10 shows the design Nomographs, which can be used

directly by the designer.

3.5 MICROTUBE LENGTHS DETERMINATION USING THE CHART AND
NOMOGRAPHS

Before determining the microtube lengths using the Chart and
Nomographs the following must be specified:
a - operating head in the lateral at the microtube inlet;
b - required discharge; and

c - microtube diameter.

The design steps to determine the microtube length are as follows:

- Draw a line connecting the value of microtube diameter (d) and the
value of microtube discharge (q), the intersection of this line with
f/d-Nomograph determines the value of (f/d). The value of (f/d) is
constant for all microtubes, since they provide equal amount of
discharge and have the same diameter. (f/d) point is considered a
reference point for all microtubes.

- In the case of laminar the value of (f/d) is determined on the q-
Nomograph and moved to the f/d-Nomograph as the reference point.

- The line connecting (q) and (d) is extended to intercept the v-
Nomograph to determine the value of the flow velocity, which is also
fixed and considered as another reference point for all microtubes.

- The value of (0) is determined on the 9 - Nomograph by intersecting

the line connecting the flow velocity (v) (reference point) and the
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operating head (H) with 8 - Nomograph.

- Move the value of (0) and (f/d) obtained from the Nomographs in the
Chart.

- From the value of (6) on the 8 - axis a vertical line is drawn to
intercept the straight line of (f/d). Interpolation may be used for
intermediate values.

- From the interception of the vertical line drawn from (M and the line
of (f/d), a horizontal line is drawn to intercept the vertical axis (L)
at a point, which is the required microtube length.

- The procedure is repeated for all microtubes throughout the network,
which begins with the reference point (v) in the Nomographs. The
values of the heads in the lateral at the microtubes inlets (H) are
introduced in the Nomographs to determine their corresponding (0)
values. The values of (0) are moved to the design Chart to determine

the microtube length corresponding to each (0) value.

Figures (3.11a & 3.11b) show the microtube design steps using the

Nomographs and Chart.
3.6 MODIFIED DESIGN CHART

Many head losses, which have not been taken into account in the
Chart development, may act on the system. Example of such head
losses is the head loss due to coiling of microtubes. The developed
design Chart has the capability to incorporate any additional head loss

in the design. Each head loss should be formulated as a head per unit
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velocity head which, in turn, should be subtracted from the operating
total head per unit velocity head (0). In the following sections, the

required microtube length ('rqd) and the coil loss will be introduced in

the design Chart. However, the door is opened for any other head loss

to be added to the Chart in the form of head per unit velocity head.

3.6.1 Required Microtube Length (qud)

The required microtube length ('rqd) is the distance between the

lateral and the plant, where the calculated microtube length should be
greater than or equal to that length. The required microtube length

(qud) is a design recommendation given by the designer.

The total microtube length (L) consists of the required microtube

length ('rqd) and the coiled length ('co)' The separation between the
coiled length (Ico) and the required microtube length (Irqd) is essential
in the case of using coils. This is because only the coiled length (lco)

will provide extra head loss. Figures 3.1 and 3.2 shows the required
microtube length when coils are around the lateral or around

themselves.

The required microtube length (qud) can be included in Equation

(3.3) by setting

L=1_ +1

co rqd (3.16)
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Substitute the value of (L) from Equation (3.16) in Equation (3.3)

we get the following equation:

_ f
6 = d ('co + 'rqd)
f _ f
0 - 1 ll‘qd =g leo (3.17)
To determine the coiled length (lco), a value of % qud should be

subtracted from (0) value to obtain a modified (0) value. (An easy way
to determine the modified (0) value will be provided later). Based on

the modified (0), the coiled length (lco) can be determined from the

Chart.

Denoting the value of (%l as (y'), a Nomograph will be

rqd)

developed to determine the value of (y') to obtain a modified (0) value.

3.6.2 The y '-Nomograph

Knowing (qud) and (%), the value of (y") can be determined from the

following simple equation

v _ f
¥ —E*qud

log v’ = log = + log | (3.18)

rqd

Since the logarithmic f/d-Nomograph has been developed earlier, the
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logarithmic qud - Nomograph is needed to be developed with
appropriate scale. The scale modulus (m,) for f/d-Nomograph has been

determined before equals 8. Assume m, equals to 6 (for f/d-Nomograph

- §*8 _
m, = 5§ - 3-4286

Assume the distance between f/d-Nomograph and qud - Nomograph
equals to 8 cm, the distance between y' - Nomograph and 'rqd -

Nomograph is (a) and the distance between y' - Nomograph and f/d-
Nomograph ' is (b);

az m2*8 . 6*8
(a+ b) (6 + 8)

= 3.4286 cm

b =8 —- 3.4286 = 4.5714 cm

Figure 3.12 shows y' - Nomograph combined with 'rqd - Nomograph

and f/d-Nomograph.
3.6.3 Microtube Length - Number of Coils Relationship

The number of coils (NL) can be expressed in terms of the coiled
length (lco) The relation between the coiled length and the number of

coils is as follows:
N, = C° (3.19)

where
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NL = number of coils

Dco = diameter of the coil

the equation can be reformulated as

| =nDcoN

co (3.20)

L

The relation between the microtube length and the number of coils

is a straight line with a slope of (n Dco) and passing through the

origin. A group of straight lines for different values of coil's
diameters are drawn to determine the number of coils for a given coil
length and diameter. These straight lines are shown in Figure 3.13.

Interpolation may be used for intermediate values of coil diameters.
3.6.4 Head Loss Due to Coiling - Number of Coils Relationship

The head loss through a bend has been formulated as a constant
(k) multiplied by the velocity head. The constant (k) can be computed

by the following equation developed by Hinds (27).

3.5
k = (0.13 + 1.85 (Di) ) Vs (3.21)
co

where

a = bend angle

In the case of a complete coil, the bend angle (a) will be equal to

360" Considering the extreme case when the diameter of the microtube
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is a maximum (4 mm) and the diameter of the coil is a minimum (20
mm), only a fraction equals 0.0035 will be added to 0.13 within the
brackets. This will increase the (k) value by 5% .Thus for all practical

d 3.5

purposes the value of ( 5 ) may be deleted from Equation (3.21).
co .

Equation (3.21) is reformulated in the case of coiled microtubes as:

k = (0.13 )\l% = 0.184 (3.22)

The head loss due to coiling (Hco) of (NL) number of coils can be

expressed as:

- Vv
Hoo = 0.184 N, 79 (3.23)

2
Substitute the value of —— by (Hv), therefore Equation (3.23) can

2g
be rearranged as:
Ht:o
NL = 5.4 —— (3.24)
H
\'%
Denote Hco as (y), the relation between (y) and (NL) is a straight

v
line with 5.44 slope and passing through the origin. Figure 3.14 shows

the relationship between (y) and (NL).
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Flqure (314) Number of Coils - Head Loss Relationship
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3.6.5 The (v — 0) Relationship

Coil head loss per unit velocity head (y) can be introduced into the

Chart by drawing a group of lines incline at an angle of 45° drawn

between two perpendicular (0) and y-axes. The value of (y) can be

subtracted from (0) by reflecting its value on the incline 45° line coming
from (8) and project the point of intersection on the 0 - axis to obtain

the value of (8 — v). Figure 3.15 shows 0 — y relationship.
3.7 MODIFIED CHART AND NOMOGRAPHS DEVELOPMENT

The head loss due to coiling will be introduced in the Chart by
adding the following relationships
a - Microtube lengths and the number of coils
b - Number of coils and head loss due coiling per unit velocity
head
¢ - Head loss due to coiling per unit velocity head and the acting

head per unit velocity head

The modified Chart can be built up by linking the above
relationships, such a Chart further linked to (M vs (L) relationship as

shown in Figure 3.16.

Also (qud) - Nomograph and y - Nomograph will be added into the

previously developed Nomographs to make modified Nomographs as

shown in Figure 3.17.
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3.8 MICROTUBE LENGTHS USING THE MODIFIED DESIGN CHART

AND NOMOGRAPHS

The following steps should be adopted to use the modified Chart and

Nomographs

First step is to determine the values of (f/d), (y) and (0) from the
Nomographs as described earlier.

Subtract the value of (y') from (0) by substituting the value of (y") on

the y-axis and ‘reflect its value on the incline 45° line obtained from
(0) value and projected it on the 0-axis to obtain a modified (0).

The microtube length corresponding to the modified (0) could be
determined as shown in section 3.5.

A horizontal line from the value of the microtube length on the
vertical axis is drawn to intercept the line representing the required
coil diameter. Interpolation may be used for intermediate values.

From the point of interception, a line is drawn vertically to intersect

the NL - axis, which determines the number of coils. The actual

number of coils taken is the nearest integer number (lower) to the
point of interception on the horizontal axis.

Project the number of coils on the vertical axis representing (y) to
obtain a new (0) value as shown earlier.

The procedure is repeated starting from the new (0) until the number
of coils is determined. If the number of coils equals the previously

determined one, it is taken as the required number of coils, and the



last length of microtubes obtained is the required length.

- If the number of coils is different, the solution is repeated with the
new value of (0) until the number of coils is equal for two consecutive
trials and this is taken as the required number of coils, and the last
microtube length determined is the required length.

- The procedure is repeated for all microtubes throughout the network,
which begins with the reference points (y'), (f/d) and (v) in the
Nomographs. The value of the total head in the lateral at the
microtube inlet (H) is the only change in the design steps to
determine different values of (0). For each value of (0) the values of
the microtube lengths and the number of coils could be determined as

explained earlier.

Figures (3.18a & 3.18b) show the design steps using the modified

design Chart and Nomographs.
3.9 MICROTUBE LENGTHS USING COMPUTER PROGRAMMING

The purpose of this section is to demonstrate the use of computers
in determining microtube lengths for those who have access to
computing system. Computer program may be used to obtain rapid and
precise results in calculating the lengths of the microtubes. The total

head at microtube inlet (Hi) and the discharge passing through must be

known for the calculation of the microtube length (i). The method of

design depends on whether coils are used or not. In the absence of
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coils, the calculations are done directly while a trial and error method

is used if coils are used. Both methods are described below.

3.9.1 Microtube design without coils

As it was presented earlier, the total head in lateral at the
microtube inlet (H) is expressed by Equation (2.3), where minor losses

are not separated from the total head.

_ fv
H 3dg L (2.3)
2
Denote ch;(g as (J) (the total head per unit length), which is the
same for all microtubes in a given lateral. Equation (2.3) can be

reformulated as
H=J%*L (3.25)

Equation (3.25) is rearranged as:

- H
L=3 (3.26)

For the microtube (i), the length can be calculated from the

following equation

LG) = @ (3.27)

A subroutine has been developed to calculate the friction coefficient

for microtubes in case of laminar and turbulent flows. Figures (A.1a &

A.1b) in Appendix A show the flow chart and the computer program
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used for calculating the friction coefficient in microtubes.

Another subroutine has been developed to calculate the microtube
lengths without coils. Figures (A.2a &€ A.2b) in Appendix A show the
subroutine and the computer program used for calculating the microtube

lengths without coils.
3.9.2 Microtube design with coils

Microtube design using coils is a general case of the design without
coils. The procedure starts by assuming absence of coils, thus the

required microtube Ilength ('rqd) is calculated. Knowing the coil's

diameter, which is determined or assigned by the designer, one can
calculate the number of coils to be used after subtracting the required

length from the calculated microtube length.

L) -1
N, = —Dﬂﬁ (3.28)
* Yeo
The head loss due to coiling is
t VZ

h co = k NL ﬁ (3.23)

where
h = first trial head loss due to coiling

co

Since the number of coils has been calculated depending on the non-

coiled length, it is necessary to subtract the coil loss from the
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operating head and determine a new microtube length with (NL) coils.

L) = ( 5 co’ (3.29)

where

L (i) = new adjusted microtube length with coils

The procedure is repeated until two consecutive values of (NL) are

equal, which is the number of coils required and the last calculated
microtube length. L(i) is the final length 'of the microtube length with
coils. A subroutine has been developed to calculate both microtube
lengths with and without coils. In the case of using coils, the coil
diameter is set as the designer wishes, while for absence of coils the
coil diameter is set to infinity ). For the program, the coil diameter
could be set at value of 10 meters insteed of (o) to simplify the data
entry, and the lengths of the microtubes will not exceed 10 meters from

a practical point of view.

Figures (A.3a & A.3b) in Appendix A show the flow chart and
subroutine used to calculate the microtube lengths with and without

coils.
3.10 MICROTUBE EXPERIMENTAL VERIFICATION

Laboratory experiment was conducted to test the hydraulic

relationships used in the development of the design Chart as well as the
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computer program.

Two microtubes diameters (3.0 mm, 3.8 mm); Saudi markst available;
were used in the experiment. Five different operating heads; (115, 130,
145, 160, and 175 cm); were applied for three different microtube

lengths (50, 100, 200 mm) for both diameters.

The microtube discharge was measured in each experimental run and

compared with the calculated discharge under similar conditions.

3.10.1 Experimental Set-up

A tube of (18 cm) internal diameter and (2.25 m) long was used for
the experiment. This tube was placed vertically and the bottom was
sealed. The tube was provided with a control valve at the bottom. A
manometer was attached on the surface of the tube to show the water

level inside the tube.

The microtube was inserted about 25 cm from the bottom end into
the outside surface of the vertical tube. The microtube was kept
horizontally to prevent any head gain or loss due to change in elevation

in the microtube.

A small submerged pump (8 {/min) was used to provide the tube
with a continuous flow of water during the experiment. A graduated
cylinder and a stop watch were used for the determination of the

microtube discharge. Figure 3.19 shows a sketch of the microtube
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experimental set-up.
3.10.2 Procedure

Each of the microtubes were cut sharply at both ends. These
microtubes were inserted for different runs into the surface of the
vertical tube and sealed. The pump was then started and the required
operating head was reached by adjusting the control valve. The
microtube flow was continued until stabilization was reached, then the
volume of the water in two minutes was measured using the (2000 mil)

graduated cylinder.

The experiment was repeated for the other operating heads using

the same microtube. The whole procedure was applied for the other

microtubes. The experiment was conducted at 20-22°C  water
temperature. Tables (3.3 & 3.4) show the amount of water measured in
two minutes for (3.0 mm) and (3.8 mm) microtube diameters;

respectively.

3.10.3 Experimental Results

The volume of water (V) is expressed as a discharge in (ms/s) by
dividing the volume over (2*%60*1000). Tables (3.5 & 3.6) show the

experimental values of the microtube discharge for each run.

The total head was expressed earlier by Equation (2.3) as follows:



Operating Microtube length (cm)

head (cm) 50 100 200
115 1.660 1.170 0.820
130 1.770 1.260 0.870
145 1.890 1.330 0.930
160 1.995 1.421 0.985
175 2.098 1.490 1.030

Table (3.3) The amount of water in liters measured

in 2 minutes for 3.0 mm microtube diameter

Operating Microtube length (cm)

head (cm) 50 100 200
115 3.160 2.265 1.610
130 3.340 2.400 1.725
145 3.570 2.565 1.825
160 3.790 2.730 1.935
175 3.960 2.885 2.025

Table (3.4) The amount of water in liters measured

in 2 minutes for 3.8 mm microtube diameter



Operating Microtube fength (cm)

head (cm) 50 100 200
115 49.80 35.10 24.60
130 53.10 37.80 26.10
145 56.06 39.90 42.60
160 59.30 42.60 29.55
175 62.94 44.70 30.90

Table (3.5) The experimental discharge

for (3.0 mm) microtube diameter

Operating Microtube length (cm)

head (cm) 50 100 200
115 94.80 67.95 48.30
130 100.20 72.00 51.75
145 107.10 76.95 54.75
160 113.70 81.90 58.05
175 118.80 86.55 60.75

Table (3.6) The experimental discharge

for (3.8 mm) microtube diameter

- 74 -
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H = fvi—t (2.3)

The flow type was assumed to be turbulent in all the experimental
runs and then checked after calculating the velocity of flow, where
Reynolds' numbers were determined. The friction coefficient in

turbulent flow was expressed by Blasuis Equation (2.4) as follows:

_0.316
f R0-25 (2.4)

The Reynolds' number is expressed by the following equation:

R=vd (3.36)

v

Substitute Equations (2.4) and (3.36) in Equation (2.3) and using

metric units for the specific gravity; Equation (2.3) becomes:

0.316 V-2 2L

H =
O BI,
H 5.04317%10°% v1- 3L
B 1.25
d »
4125

75 _ 1963.4I:

_1963.4 H dV'20 0.571
=( s )

H0’571d0'714
L0.571

75.912 (3.37)
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The microtube discharge is expressed in the form of the flow

velocity as follows:

q = v (3.38)

substitute the value of the flow velocity from Equation (3.37) in
Equation (3.38)

= d2 75.912 HO:97140.714

q
4 L0-571
2.714 .,0.571
a 59.62 d H (m?/s) 3.39)
L0.571
2.714 .,0.571
q = >9.62d H 1000%3600  (I/h)
L0.571
2.714 .,0.571
o - 214633929 d H (3.40)

I_0.571

Tables (3.7 & 3.8) show the calculated values of the microtube
discharge for each experimental run. The experimental and calculated
discharges were plotted on the same axis for both microtube diameters.

These values are shown in Figures (3.20 & 3.21).
3.11 SENSITIVITY ANALYSIS

The purpose of the study of the sensitivity analysis is to know the
effect of change in one parameter on the other parameters. The study

is therefore, valuable for finding suitable solutions for any variables by



Operating Microtube length (cm)

head (cm) S0 100 200
115 49.10 33.06 22.25
130 52.67 35.51 13.87
145 56.06 37.74 25.40
160 59.30 39.92 26.87
175 62.41 42.01 28.28

Table (3.7) The calculated discharge

for (3.0 mm) microtube diameter

Operating Microtube length (cm)

head (cm) 50 100 200
115 93.41 62.88 42.33
130 100.18 67.44 45.40
145 106.63 71.78 48.32
160 112.79 75.93 51.11
175 118.70 79.91 53.79

Table (3.8) The calculated discharge

for (3.8 mm) microtube diameter
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changing the various parameters. In the case of turbulent flow in
microtubes, Equation (3.39) has been formulated to relate various
parameters, such as microtube length, diameter, discharge, and
operating head at the microtube inlet.

5962 d2.714 H0.571

- 3
q L0571 (m~/s) (3.39)

As shown from the Equation (3.39), the discharge (q) is directly
proportional to the operating head at the microtube inlet (H) to the
power 0.571, therefore if (H) is doubled, (q) will almost be half the

original value.

The discharge (q) is inversely proportional to the length (L) to the
power 0.571, therefore if the microtube length is doubled (q) will be
almost two third the original value. The microtube diameter (d) has a
great influence on the discharge as (q) is proportional to microtube
diameter (d) to the power 2.714 which means an increase of about six

times in the amount of the discharge as the microtube diameter is

doubled.

The operating head at the inlet (H) is proportional to the length
(L) and an variation in (H) causes a similar variation in the length

(L).

In the case of laminar flow; if Equation (2.6) for laminar flow
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friction coefficient is substituted instead of Blasuis equation in Equation
(2.3) and substitute Equation (2.3) in Equation (3.38), we will get the

following equation:

2
q = constant Hlf’ (3.40)

As shown from Equation (3.40), the discharge (q) is directly
proportional to the operating head (H) and inversely proportional to the
microtube length (L). It is also shown that any variation in the head or
in the length causes the same variation in the discharge because the
relationship is linear between the discharge and the head and between

the discharge and the length.

The effect of the microtube diameter on the microtube discharge is
very large. It is seen from the equation that a variation of the diameter

causes 16 times variation in the microtube discharge.

In summary, the following have been noticed from the study of the
system sensitivity:
- microtube discharge is much more sensitive to all parameters
in laminar flow than in turbulent flow;
- the effect of the operating head and the length on the
discharge are the same and - the effect of the microtube

diameter is very high compared to other parameters.
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CHAPTER (4)

DESIGN OF LATERAL WITH MULTI MICROTUBE
USING COMPUTER PROGRAMMING

4.1 INTRODUCTION

Laterals convey water from submains to the distributors. They are
generally pipes of (low density Polyethylene (PE) or small diameter Poly
vinyl chlorides (PVC)). Distributors are usually fixed on the laterals at
equal spacings. From the practical experience the outlet spacings are
all equal except for the first spacing length which is normally half of

the other regular spacing length (1,2).

The sizing of tubes for a trickle irrigation lateral is determined by
a process based on numerous factors. These factors are crop water
requirements, climate, soil properties, hydraulic principles, emiter flow
characteristics, field size and elevation, total head at the lateral inlet
and irrigation and tubing economics and some criteria of water

application uniformity which is related to several aforementioned factors

(2).
4.2 LATERAL DESIGN CRITERIA

Many parameters govern the design of lateral. Some of these
parameters are fixed for a certain network; for example; land slope,

number ofvoutlets and the spacings between outlets. Other parameters
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can be estimated like the lateral diameter, the microtubes' discharges
and the total head at the lateral inlet. The estimated parameters are
completely related to each other and need different computational

procedures.

Always two of the three design parameters are known and the third
parameter is required to be calculated. The multiple combination of the

lateral design cases are shown in Figure 4.1.

The three possible cases of lateral design could be easily identified
and solved by using computers. A computer program in FORTRAN IV
language has been developed to compute the needed unknowns for the
design of the lateral. The program has been developed to calculate the
total head distribution along the lateral, and has been linked with the
previously developed subroutines for microtube lengths determination.
Thus, the developed computer output gives the unknown parameters;
the diameter, the total head at the lateral inlet, microtube discharge,
the total head distribution and the microtube lengths for each of the

three cases.

4.2.1 Case | Known microtube discharge (q) and operating head at
the microtube inlet (H) and unknown microtube diameter
(d)

This is the common design case where the discharge is known from
the plant water requirements. The total head at the lateral inlet may be

assumed at the begining of the design or governed by the submain total
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head. The designer is left with the determination of the lateral

diameter.

The procedure begins with the assumption of a lateral diameter from
the commercially available sizes. The second step is to determine the

total head distribution along the lateral.

Once the total head along the lateral is known, the microtube

lengths can be determined by the procedure detailed in Chapter (3).

If the minimum calculated microtube length is less than the required
microtube length, the suggested solutions are:
- increase the microtube diameter or

- decrease the required microtube length (Irqd) (if possible).

Sometimes the designer prefers to keep the pressure head variation
along the lateral within a certain range of variation although he is
using microtubes. In this case he can check the pressure head variation
directly from the computer output and select the suitable lateral
diameter for the required variation. Figure 4.2 shows the macro chart

of case | design steps.

4.2.2 Case il Known microtube discharge (q) and microtube diameter
(d), and unknown operating head at the microtube
inlet (H)
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